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INTRODUCTION

The rapid evolution of technology allows roadway agencies to collect vast amounts of data
through automated means. Paramount to using these data is their conversion into information and
metrics aggregated along data collection sections. As the Texas Department of Transportation
(TxDOT) begins to implement automated data collection for pavement distress, it also seeks to
capitalize on other emerging technologies to gather additional data. Mobile light detecting and
ranging (LIiDAR) presents an attractive option for collecting data on the surface geometry of both
the roadway and roadside.

Geometric information provides insight into surface drainage and design compliance of
geometric elements. Including this information into TXDOT’s asset management plan represents
an expansion of TxDOT’s current asset management system. Ultimately, this information can be
used in project decision making, network management, and performance evaluation.

This report contains the following sections:

e Introduction.

e Drainage rating background, needs, and literature review.
e Mobile LIDAR equipment used for this study.

e Development of the surface drainage rating.

e Application of the surface drainage rating.

e Project level case studies.

e Summary, conclusions, and recommendations.






DRAINAGE RATING BACKGROUND, NEEDS, AND LITERATURE
REVIEW

This section of the report summarizes the current state-of-practice of drainage rating systems,
discusses what data collection techniques are used within those systems, and provides a literature
review of relevant topics. Drainage assets are diverse and range from the simplicity of the
roadway cross-slope to major structures such as bridges. This study does not focus on drainage
structures but rather on surface elements that contribute to drainage and can be measured through
automated means. The use of mobile LiDAR for transportation-related applications continues to
grow and provides significant data on surface features. A cost effective, single-laser mobile
LiDAR provides measurements for the surface assets included in the surface drainage rating
system.

NATIONWIDE DEPARTMENT OF TRANSPORTATION SURVEY

Prior to the study, researchers reached out to engineers from other departments of transportation
(DOTs) to determine how drainage features are currently being evaluated or rated. Additionally,
an inquiry on the use of LIDAR within the agency was made. To provide background on why
this information was being sought, the following introduction was provided:

My name is Charles Gurganus and | am an Associate Research Engineer with the Texas
A&M Transportation Institute. We have just embarked on a project with TxDOT to
develop a surface drainage rating program. If you would be so kind as to take a look at
the three quick questions at the bottom of the email to assist with understanding state-of-
practice in DOTSs. Here is a little background regarding the project; essentially, we are
using a LiIDAR device to capture continuous transverse cross-sections in hopes of
capturing information on the following elements:

e Ditch depth.
Ditch profile.
Roadway cross-slope.
Roadway profile.
Paved-to-unpaved edge conditions.
Rutting.
Front and back slope steepness.

Eventually, the data will be combined to create a performance measure. The hope is that
we can capture roadway sections that have surface drainage issues, such as poor
superelevations, steep front slopes, prone to overtopping or any combination of factors.
This is not a culvert inspection project. If you could provide any insight into what your
agency is doing, it would be extremely helpful.



Rather than simply leave the response open-ended, three questions were provided to assist in the
response. These questions were:

1. Does your agency do anything similar to what is described above?
2. How, if at all, does your agency use LiDAR or other automated data collection means?
3. Do you have a formal culvert inspection program?

Responses were received from 21 state DOTS, a response rate of 42 percent. Some DOTs
provided detailed responses, while others succinctly answered the questions provided. Table 1
summarizes the responses.



(sn'09°a1e1S

198} 02— Jo Buiuado Jes|o
B UM S3INIONJIS || Sapnjoul
welhoid sainoanns Joulp

'(Sd9) waisAs Buluonisod jeqolh
pue ‘sia|ioid [eraul ‘siase| apnjoul

"pa108]]02 aJe BuIINI puR UONIPUOD

@uosuyol|j1m) aly ‘SpIEpUEIS Uonoadsuy 9Bpug 9S8y 'S]00] UON99]|09 Sm._o. paewolne | 1uswaAed ‘pPaqLIdsap Se palds||od Jou 0pe.ojo)
uosuyor Weripn SNOLIBA SN SIOPUS/A "PadINosINo |  aJe elep UOI1I9S-SSOJI aSIansuel] ay L
[euoneN Buisn s8AIND Joulw
SI UOI199]|02 elep Juswaned ||V
pue Jolew yog s10adsul 1 OAd
"saIpns 2160]01pAy/a1jnelpAy
"S19558 10J AnawAuyieq Bulureiqgo pue "Aanins
abeurelp snolrea Buroejdai 1o J1an02 uoire1ahan asusp YlIm seale [ein 108[01d Aempeou [ea1dA1 e wouy
Bunenjigeyal BuldpISUOD usym ur AydesBodoy Bulureigo 10) pasn usaq 1onpoidAq e aq p|nod eiep Jo adA
(nobea10p pasn pue aseqeiep apImalels sey Buluueds aulogiie pue ‘BuiduaIaal | SIYl ‘SPIOM JBUI0 U “papasu 4 Aanins
©@opISaIyM 3N IW) e 0jul pabBoj ate eyep pjaly | Jeaul] pue sjuswubife gg Buidojanap Joy Hvai suenjed e woiy paialjiy
apISalYAA |3BYIIIN 8y "sa2loy) a1e1s Aq paLiolusAul | pasn uaaq sey Buluueas ajiqow ‘quawased pue paloeiixa aq pInod eyep Jo adAl T
1o (noBeo10p pue ‘passasse ‘pajoadsul Buissasse pue sainjonas Buiddew SIUY1 INQ ‘MOJ3Q [1BwWS S, aydJeasal R
@Jabuems'aoniq) | aJe s}asse pue salnonis abeurelp 10} pasn uaaq sey Buluueas Areuonels u1 paiynuapi se *01e ‘ssaudsals ado|s
Jabuems sonig Jayl0 pue SLBAIND Suee) :Spoylew uons||0d YAl ayl Jo -jueq ‘aiyoud Aempeol ‘8do|s-sso1a
‘weibold Alojuaaul LaAIND | yoes Joy suonedijdde Jo sajdwexa Ajaisw Aempeol ‘ajiy0ad yaup ‘yidap youp
3y} Jepun “wreiboud uonoadsul ale Buimojjo) ayl “Buluueas aulogire aindes 01 asodind a1p193ds ayy 10}
LISA|ND [ewlo) B sey suedyeD | pue ‘Buiuueds ajiqow ‘Buluuess Areuoiels | sedlAsp Yl 8Sh 10U Saop sueljeD
Aqg e1ep ¥y @i $109]00 suenjed
sesueyy
(nobr10pze@xX1IpusH) . . .
XUIDUSH SIULD ON ON ON 'UOZLIY
S)|nsal asayy Ul
paisaJalul pue 19sloid
Jejiwuis e Burlapisuod . . .
—(roBredisele ON ON ON eXse|y
®asnoyaJlow uA|o.ed)
asnoyalo ‘H UAjosed
eweqe|y

uos.iad 19eluo)d

¢weaboud
uonoadsul 149A|N2 [eWA0)
e aney Aouabe uanoA seoq

¢U0199]102

eIep 10) Ywdi asn Aousbe anoA seoq

£59sn 18Y10 4o abeureap
10} S911s11919e.1RY9 30eLINns ainded
Ajsnonunuod Aausbe anoA ssoq

'sasuodsay | O 21¥1S Jo Arewwns ‘T ajqeL




sioul]]|

(nobr

"Sluswalnseawl
ado|s-ss040 pue ‘Buimni ‘ospIA ‘(141)
Xapul ssauybnol [euolreussul Buipnjoul
‘wia1sAs ay1 1noybnouyl suonIpuod
Aempeol 10] UOII3]|0D Blep dljewoine

"paq1I2sap auo ayl ayi| weaboud

osmn_.nu_©>mv_m_.gm_@ "ON wiogiad 01 uen EEoE sRemuyred © aney AQUSLIND 10U S30D OUED| oyep|
Aoy gojeD °r ® sasn Ajjualind oyep| “Jooey buniwij e
ale sjuawalinbai aoeds abe.lols [eubip ayL
‘A1ojuanul Aempeol 1oy ¥wydi Jo sasn
ay1 Buriojdxa ale pue Asnuns Jo) YAl
paseq punoJb sasn AJJuaiind oyep|
IlemeH
-SIMINAS "eale ejue[ly 0Jlow
oot | Jolesostin s | susus enguor g o avarn s | “PICEROL ML S0 |
PI abpuig a1e1s ‘|auuostad [eso] Aq | 108loud e unbaq sey saueusiuRIN 1 OdD 4 _ P'aU1 01 paj UolEN| ; 9
spjoukay AueaN DAIONLOLL B8 SAIMONIS JOUIW SIy ‘seate wajqoid ul abeurelp
; ; 1e X00] 01 19B4JU0I © pash sey e1bli0so
epLioj4
areme|aQg
"(Sd9 pue ado3asoJAD ylim paulquiod
Wa)sAs Jase| - Salswaned) apelh
‘8d0]$-55049 ‘81N1X8]040BW ‘BuIIRID
Bumnu ‘(siosuss auljoy) ssauybnoy '10dLD ayr e suop
:Buipnjoul ‘erep juswaned 193]100 | SI1I MOY JO Alewwins e payoene aAey
(noB10 ‘wesboud uonoadsul 0] pasn ale sueA ay} ‘spaodal Bojoloyd | INg ‘9A0QR PaQLIOSIP BUO B} eyl
. i 8bpug 1O0A.LD ayr Jo Led se | uoniuyap-ybiy 03 uonippe uj “(suondsilp | Jajdwis st 3| “(UOIIIB||0D PareIOINE)
®>20]g9 opJebp3) 1N21193UU0D
500|g p3 AreinBal paroadsul are yibusj ui Y109 ‘aue] [1ybu] BulALIp) paurelurew S3]21UaA uonda||09 eep Hojoioyd :

uos.Jad 19eluo)d

199) 9 J9AO0 UES B YIIM SUSAIND

uonoadsul 148AINI [ew10)
e aney Aousbe anoA seog

-91e1s aJe 1ey) yiomiau Aemybiy

N0 JO S3]IW 3UIJJ3IUSD OOB'E dJe 3IdY L
"xo.idde |[e Jo AeAns [enuue ue a)9|dwod
Tey] S3|91YaA U01199]|09-BIep-1uaWaned
pue Bojoroyd (MOY) Aem-jo-1ybLl

oMy sareado pue sumo 1 01D ayl

£U01193]]02

InoA ssoQ

pue juawaAed Ino Ag pa199]|09
eyep Buisn xapul Aljiqeurelp e asn
01 aInpadoid & aARY S30P IN11I8UU0D

¢£59sN 1ay1o Jo abeurep
10} $911S14819eRY9 93RS ainyded
Ajsnonunuod Aousbe anoA ssoq




ueBIyoIN

spasnyaessen
puejAreN
. . “MI0M 21}193ds
(noB-urew Ja1ewelp ul g . .
. 31IS J3Y10 pue ‘smainal A1ajes 1odire suoI98s
®@aJow2Ig° maipur) | uey) Jayealh suaAnd Joy welaboad . ; i aule
saipnis 2160]04pAY ‘suoireao] o1419ads -§S0490 10} Pasn Jou sI ¥l ‘ON
aIowolg MaIpuy uonoadsul [ewoy e sl alayl
Burisauibua Joy s1 11 pasn sI Y all UBYm
. SWILQ 8IEMYOs "3]91YaA ainyded
wiaIsAs Juswabeue| uolyb1a@ ay3 ul SUOIRPUSIWIODI
elep NV patjddns-oibn4 ayy
doURUBIUIRI S19SSV/310Y BU) wawaned JabbL |]1Mm e1ep palas||0
. . ) Aq sisAfeuy juswiabeue|y JusWaned
(AOO'V1 Ul palols aq ||Im eleq “eiep ayl ABojouyds) g 01 SAOW 0} UOIIRIBPISUOD 104 paimdes ale uonsanb aul
©@zalens> ew) | 199[]09 [|IM S1O1IASIT "woy Buiel e Sl 818y "9|91ysA N 046n4 4D ; Y BURISING T
. ul palsl| s)usuodwod Auew ‘1aASMOH
zalens e LaAINo © Bunojid 1013sIp 8U0 | 8yl yum pasnided ale erep 1aling ‘spasu .
3uo 1oddns 01 eyep o119ads
yum padojanap Buisg Ajiuaiing Adeindge eep uo paseq 114 poob e punoy
) paJnided jou aney pue weiboid
sI weJboad uonosadsul 11B8AINI 10U aAeY Inq ‘AljIqises) s)I BuLiojiuow
) . Bune. abeurelp e aney jou 0Q
[lenunuod "yyvAl ssnjou oq
‘Bunjorid pue
BuimnJ 1oy uonew.our Juswaned 199]109
0] WBISAS JUBWaINSea|A Xorl) Jase]
(nob A . e asn am ‘Ajereledas sisAjeue apijspue| ‘[9A3] MJomiau
) yibus| ueds h . .
®@uosxo9|im:uol) pue ‘A10juaAul 1asse ‘aoueljdwod 3yl 1e Jou 1ng ‘s1oalouad fenpiaipul Aponuay
Ul ,0Z UBY} SS3] SUAA|ND 10§ 10N )
UOSXO9]IAA UOr dwes @y Joy pasn osje s1 1] '00/VO 10} pa199]109 SI UCITRWIOUI Je[IWIS
biay apebgns pue ‘uoireulwIslep
1yhi1ay abpLig ‘sS04 Buruiwialep
ul [e1d1jausq ussq sey Yl arep oL
sesuey|
BMO|
euRIpU|

uos.Jad 19eluo)d

uonoadsul 148AINI [ew10)
e aney Aousbe anoA seog

£U01193]]02

InoA ssoQ

¢£59sN 1ay1o Jo abeurep
10} $911S14819eRY9 93RS ainyded
Ajsnonunuod Aousbe anoA ssoq

8Jels




02IX3N| MAN

Aasiar maN

allysdweH maN

"Apns abeurelp ay) 1oj aoeIns
31eInaoe AJBA e 13b 01 AIessadau aweaaq
1 108f0ud ay1 uO "18loid ¥l 8Igow

(sn 15413 Buiop Apuanngd ‘syaaloud juiod
"AU'31RISI0p@YSnae) "SOA | Jay1o snoLeA pue ‘sajidx00]s ‘uonezi|igels "ON epeAsN
ysng enuy 3201 “IN09s LI8AINI pue abpuig
aq pjnom sajdwexs awos 193foid Jajews
uo vl dMrels ayi asn ap\ "yval
ajigow pue d17els yiog sasn 1 OAN
(nobe "uoljewJloyul Aempeod Jejiwis
3Selgau@uIogsoyew) "'ON | 199]]00 SUBA J3]1}01d "UOITRWIOUI ABAINS "ON eYSeIgaN
u10gso e Aseuiwijaid Jog pasn usaqg sey ¥val
BURIUOIN
LINOSSIN
103foud ayp | "Ajjenuue suawbas m__.E-H.o o0ove Wasks aInue .
JO S1INSaJ 8y Ul 1saJaiul | Uo pawopad SI SIY] “JUsLISSasSe : 100l04d s1y1
a1 J1aA0d AjeniusAa 01 a11Sap ayl Ylim
passaidxa—(nob uonipuod (WOWN) 1uswssasse | , . ul YoM 3Y) 01 Jejiwis Buiylswos 1o 1ddississiiy
- Ajreyuawiaiou suop Butag st siyL "¥varl
swjopw @uosianedy) Ajenb soueusjurew sy weJbo.ad Bune. abeuresp ou si alay L
Yl pa1aa]10d Bulaq mou ale s1asse Auelp
uoslaned yreaH | Jo ued se pajoadsul ale spaA|ND
"8]ISaM SIy) uo papino.ad
S11081U09 W “welboid uonoadsul ‘Sjuswieal) Apnuapl
WBAIND S, 1 OQUIA 01 Yul| 0} uonesijddy Juswabeuel JuaWaned "JOLIISIP 0J18W 3y} JO [9A3] 3y} 0}
(sn'uw-ayers © SI Jwiy eapuIpAy/salnelpAyse AemyBiH su sasn | OQUIA pue asegeiep | 1ou ing ‘asn sy Buliojdxa ate s1oLsIp
©@J9x29q Aquiy) | Bplig/snuwarelsIop My dny | 8j9elQ ue ol Indul si oyul 8yl “Buioeld Jayl0 "e1ep 19SSk 1991109 0} ¥l ©10SaUUIIA

Jaxoeg Aqury

uos.Jad 19eluo)d

‘ueds ,0T ueyl

SS3] UIM SHBANI JO UONIPUOD
pue adA] [elia1eW ‘UoITRI0|
3101S 01 _IJUIPAH Sasn 1 OQUIN

uonoadsul 148AINI [ew10)
e aney Aousbe anoA seog

pue ‘Bumni ‘Bunney ‘14| $199]109
1 ‘sueaw parewolne ybnoayl “Ajjenuue
wia1sAs aunus si s1oadsul | OQUIA

£U01193]]02

InoA ssoQ

pasn sey eale |ned 15/sijodeauul|y
91 U1 191ISIP 0418 8y L

¢£59sN 1ay1o Jo abeurep
10} $911S14819eRY9 93RS ainyded
Ajsnonunuod Aousbe anoA ssoq




sexa |

"U0I19318p YJeJd E pue ‘sabewl
Buioej-premumop ‘ssijoud Jase| ‘Bojoioyd
“dwvai ybnoiy) souelea|d peayisano

"uonoadsul _ .
(AoB Uy @SRy SLIYD) 1aAIno Joy pauueyd st weaboid | PU° A10juanui 19sse ‘uonipuod Juswaned SUETEE
) JO Uuon93||09 3y} Bunoeuod Jo ssedoid 995SaUUD |
SLURH SUYD 10]1d © Janamoy ‘uonoadsul . UOI1935-$50.9 alenjens 01 welboid oN
syl ul sl 10Q@L ‘suolredo| parejosi e
LIBAJND [RWIOY OU S1 3I3Y L
sanssi abeure.lp 214193ds 10J elep UOITRAS|D
pue sadojs dew 01 pasn ale vl
3]1qow pue J1ess yiog 'pasn st Al
el0Meq yinos
euljoJed yinos
pue|s| spoyy
elueA|ASuUad
uobai0
BWOYRPIO
(noBro1yon ) |
oOp@SWel||IAMaIpUY) "SAA "UOI199]]09 BIRp AIOJUBAUI 10} 10N dvari oIyo

SWEIIM MaId

BIA P108][0 10U aJe e1ep AIOJUsAU|

s)jnsal
Ino uI paisaIaul—
(nob pu@Asjoyurezs)
Asyoyurez *Q noas

'ss9204d auyy ul Ajrea

s1 awdojanap siy L “soueljdwod
pue Burioniuow ab.reyasip
-jueinjjod Joy padojansp Bulaq si
U0 INg ‘|9A3] SPIMSIEIS B UO JON

‘sieak omy Ul a1

‘paoe|dal SI UBA UOI193]|09 Blep JuaWaAed
a1 Uaym uolrelodiooul 1oy patapIsuod
Buiaq s1Ing ‘pasn ou st Yy Al

"WI91SAS a411ua ayl uo Ajjenuue
p8199]]09 SI 03Ul Sy “sabewl

pue ‘ssansip ‘(0JAB e /m) ajiyoid
asIansuel] pue [eurpniibuol ‘Bumni
‘ssauybno. Buipnjoul ‘pa1ds)|od

aJe BIep JUSWaARY "Pa1d3]|0d 10U

dJe Pag1IdSap Se Blep [UOI1I3S-SS0ID

€10%ed YHON

eulj0JeD YLION

NIOA MAN




eluIbaIp

"1eak yoea

SLIBAIND 11341 JO 940z Bunoadsul
-aJ suoibai 1oy Ino Jo [eob e
YuMm uonoadsul-ai JO UOSeas 1S11y
Ino juasaidal [[IM uosess plaly

‘ubisap

Burrels a1o4aq M10m Jiayl a18|dwiod

01 Je1s Aaauns uo Ajal 01 Buiaey INoylIM
Jredai 10y suejd 19e1U09 JO 1UBWIdOIBASP

"sanjon.as abeurelp Jo sadAy

9S8U} JO 9dURUBIUIBW PUB UOIBN|eAd
Jadoud ainsus 01 swelboid iom
8oueUSIUIRW BuNoJ Bulleald pJemol
3AOW e SI a1yl "saakojdws Jeuoibal
Aq passaippe pue paiynuapl si
Aoenbape yaQ -senssi Bulol ased ued

(nob | 1XeN "2/ 01,,2T woJ} Jarawelp ul | ay) uoddns pue sAempeos pabewrep woiy BI0IS 10 92! USUM. SUILOL 1IUIA
"JUOWLIBAD IUBIA UIASY) Buibues spaAINI 000'0S 190 JO 1S0] [eLIa]ewW JO JUNoWe ay) ainseaw 0) 154 v__ | USUM St y w : JUOWLIAA
IUBIA UINDY A1ojusAul ue asnoy pue abes|iw BuiAenins puej Jo aoejd ul pasn sem eyl ul w”_wm_mh_m.wmﬂm St mm_m._.e M%Mc_m%m
91€1S N0 JO %6 PAMBIASI d\vai [elae Jo sajiw QQT 01 8s0]9 IN0 hor_“*o m.um._...mmm:m_m WSLS womc_sm
aney am Ajualin) 'sreak 1 pa1oeu09 Aousby ay ‘aual| auedLINH fuewind © se usds s1 Bumny ‘Bumny
15| 3y} J8A0 welboud uonoadsul 01 asuodsau uj utod siyl 1e Ajburreds mmv:_oc_ - mco._:cgoo >m>>vm8
pue AIojusAul UBAINI e Aouaby Jno u1 pasn usaq sey YAl 10 co:.om__S _%c.cm UE S1 9101 |
Uo Bupiom uaag sey Aouaby ay L ‘Buires abeulelp e 10} SJUBLIB|S Sy}
ainseaw A19a41p 10U SB0P JUOWLIBA
"Rempeol Jolew
uo Hoya siy1 Buisnaoy st yein
" 02 Ueyl ssaj ueds YlIM SUBAIND
000'TE JO S1RWINS3 Uk SI 319y L ‘urep ‘sueal
(nob yeIn@suings) ‘Buires ayy 10§ pasn sem a[eas wi03s Bulpnjoul ‘sanijin ageunsqns paTewolne BIA BIep 19SSe JO Sjunowe
suing uels 0T 01 TV "Sa11[198} UlRIp WI0)S SI uolssiwo Jofew ay | "s1asse s Jo 1SeA 109109 yeln ‘wresboid Bunel uen

uos.Jad 19eluo)d

10adsul pue 21e20] 0] pasn Uaaq
3ARY S1UBPNIS ‘SIaLULNS INOJ
15ed 8y} JaA0 ‘JanamoH ‘welboid
1JI9AIND [eWIOJ OU SI 313y L

uonoadsul 148AINI [ew10)
e aney Aousbe anoA seog

1S0W Jo Alojuanul Jenedsoab e sey yein

£U01193]]02

InoA ssoQ

abeurelp 8oeLINS B 9ARY 10U S80P UeIN

¢£59sN 1ay1o Jo abeurep
10} $911S14819eRY9 93RS ainyded
Ajsnonunuod Aousbe anoA ssoq

10



umo J1ays Jo 108foud

LTOC ®© d9AeY pue
108[0.d ayy uI 1s3.181UI

passaldxa—(Aob 0Am ON ON ON ButoAm
©Jauppy unew)
Jaupiy unJey
UISUOISIAN
eIUIBIIA 1S9/
Ao
AAU|/SAIIAIIRAUSWaARURW/IUR
USJUIBIA/90] 10psm poudstey//:dny
"uoneMN|IgeyYal Jo pasu
Ul SLIBAIND Ajlauapl 03 Alunwiwiod
a1neJpAy s, 1 OAdS/M YIMm paseys 'sjods ajgnoJ1 abeuresp ym eap 01
S1 uolrew.oyul ay] eldwA|o '80UeRJEd[D |  POYISW palLI| B SeM alay} paredlpul
(nobBem10psm ul wia1sAs Bunpoel ] AuAnoy abpuig 1o) YAl Jo asn ay) pajielap | uoibulysepn Wwody Japuodsal Jaylouy
@Suswied) AemyBiH ayy 01 Ajssajaiim asuodsal Jaylouyy ‘arep 01 pasn uaag Jou "SIaUURIS [B1I1S3.18) 0Je IO BdlaT] uolbulysepn

uswijed anals

uos.Jad 19eluo)d

paniwisues pue | OASM Aq

1Inq uonealjdde pedi ue ul paiols
aJe eJep ayl 'SHaAINd Jo Bulues|o
aunnou Buiwiopiad ajiym
aourUdlUIRIA UoIBay Aq pasayreh
aJe eJep ayJ "uoljewlojul
UOIPUOI PUB UOITRIO| HAAIND
1931109 0} weuBoud e sey 1 OASM

uonoadsul 148AINI [ew10)
e aney Aousbe anoA seog

aAeY S3JIAISS 3U} INg ‘Blep Y@l ajiqow
109]]09 0] 19RJ1UOJ UO 3Je SjuL|NSU0D

£U01193]]02

InoA ssoQ

‘4yoa1d Buisn ale Asy L "paqliosap e1ep
U1 $109]]09 1841 |00) UOI1D3]|0D BIep
© Se YAl [eH1sa1I8) Sash 1 OASM

¢£59sN 1ay1o Jo abeurep
10} $911S14819eRY9 93RS ainyded
Ajsnonunuod Aousbe anoA ssoq

11



The responses above indicate that a network-level surface drainage rating program is nonexistent
in other DOTs. Most DOTSs that collect surface drainage characteristics are doing so to evaluate
localized problem areas. Many DOTSs rely heavily on regional employees to identify drainage
problems and mitigate as necessary, which is similar to the expectation of maintenance
supervisors and area engineers (AEs) within TXDOT. Concerning the use of LIDAR for data
collection, many of the responses included a discussion on automated data collection, not
necessarily LIDAR. Very few, if any DOTSs, are using LiDAR to collect data at the network
level. Some DOTSs have experience using LIiDAR that is mainly focused on localized areas or
specific data elements. When using LIiDAR, both static and mobile LiDAR are mentioned. Static
LiDAR offers a high degree of precision targeted toward a specific area, similar to traditional
surveying. The use of mobile LiDAR has significant upside, but precision in the readings is an
issue raised by multiple managers.

TXDOT SURVEY OF NEEDS

A web-based survey was sent to the five participating districts to gain an understanding of
drainage performance. Two different surveys were circulated. One survey targeted maintenance
supervisors and sought insight into current drainage problems. The other survey was
disseminated to district engineers, district staff, and AEs in hopes that an understanding of
anticipated or desired drainage performance could be deduced.

The surveys were simplistic in nature, specifically designed to maximize participation while
minimizing the time required for each participant. Both the surveys sent to maintenance
supervisors and to staff/AEs consisted of three main questions. The questions attempted to
capture information on three separate drainage zones/areas within the ROW. These areas are
roadway drainage, immediate roadside drainage, and extended roadside drainage. The drainage
areas are fairly intuitive, with roadway drainage consisting of elements on the pavement where
vehicles are expected to travel. Immediate roadside drainage are those elements near the edge of
pavement (EOP) or traveled way that are not expected to consistently carry traffic but that can be
impacted by turning movements and traffic wander. These elements can greatly influence how
water leaves the travel lanes or paved surface. Extended roadside drainage assets are those
elements farther away that help convey the water to a crossing or exit point on ROW.

While the survey consisted of three primary questions, participants were given the opportunity to
comment on the three drainage areas described above and the ability to include other information
that might be useful about the performance or expectation of drainage assets. For the
maintenance supervisor, these questions are listed below:

1. Rank the roadway elements about how much trouble each one gives you with
maintenance. The element that gives you the most trouble should receive a one (1) and
the element that gives you the least trouble should receive a four (4).

a. Cross-slope.
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b. Rut depth.
c. Longitudinal profile.
d. Superelevations.

2. Rank the roadside elements on how much trouble each one gives you for maintenance.
The element that gives you the most trouble should receive a one (1) and the element that
gives you the least trouble should receive a six (6).

a. Edge drop-offs.

High edges.

Barrier and rail openings.

Curb and gutter.

Inlets.

f. Intersection radii.

3. Rank the extended roadside elements on how much trouble each one gives you for
maintenance. The element that gives you the most trouble should receive a one (1) and
the element that gives you the least trouble should receive a five (5).

a. Front slopes.

Ditch lines.

Back slopes.

Parallel structures.

Cross structures.

®oo0o

®oo0o

Table 2 provides a summary of the survey sent to maintenance supervisors.

Table 2. Maintenance Supervisor Survey Summary.

Surveys Surveys %
District Sent Completed Completed
Atlanta 7 3 43%
Bryan 10 5 50%
Corpus Christi 11 4 36%
Houston 9 3 33%
Tyler 8 3 38%
Total 45 18 40%

Figure 1 through Figure 3 and Table 3 through Table 5 provide survey results. For maintenance
supervisors, the number of participants who provided information was 22, a response rate of
55 percent, with 18 surveys completed.
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Table 3. Maintenance Supervisor Survey Question 1 Summary.

Cross- Rut Longitudinal  Super-
Statistic slope depth profile elevations
Min Value 1 1 1 1
Max Value 4 4 4 4
Mean 2.09 2 2.45 3.45
Standard Deviation 0.87 1.15 0.86 1.01

Figure 1 provides a graphical representation of these results. This graph is constructed by
Qualtrics software. The bars within each category represent the number assigned to the feature
for the problems it creates related to maintenance. For example, for cross-slope, six maintenance
supervisors believe it causes the most trouble, while nine supervisors believe it causes the second
most trouble, six the third most, and one supervisor feels it causes the least amount of trouble.

20 -
16
15 -
10 -
5
u_ a4 Fl Fl A Fl Fl Fl A
Cross-slope Rurt depth Longitudinal profile Superelevations
Figure 1. Maintenance Supervisor Survey Question 1 Summary.
Table 4. Maintenance Supervisor Survey Question 2 Summary.
Edge Barrier Curb
Drop- High and Rail and Intersection
Statistic offs Edges Openings Gutter  Inlets Radii
Min Value 1 1 1 1 1 1
Max Value 6 6 6 6 6 6
Mean 241 2.68 441 4.05 3.64 3.82
Standard Deviation 1.82 1.46 1.56 1.7 1.36 1.56
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Figure 2. Maintenance Supervisor Survey Question 2 Summary.

Table 5. Maintenance Supervisor Survey Question 3 Summary.

. Front Ditch Back Parallel Cross
Statistic .
slopes lines slopes  structures structures
Min Value 1 1 1 1 1
Max Value 5 5 5 5 5
Mean 3.05 1.95 3.91 3.18 2.91
Standard Deviation 1.29 1.17 1.27 1.33 1.41

14+

Figure 3. Maintenance Supervisor Survey Question 3 Summary.

15

Of the 22 maintenance supervisors who provided responses, 21 felt the three drainage areas were
appropriate. The responder who indicated that the drainage areas did not make sense did not
provide additional information on how the areas should be changed. Six maintenance supervisors
provided additional comments. These comments are listed verbatim below:




e Hot mix asphalt (HMA) covering curb reveal is becoming a big problem.

e Qutfall drainage.

e Drainage issues in this area are mostly a direct result of poor Storm Water Prevention
Planning by development contractors. There is not enough oversight to the massive land
clearing and building happening now. Silt accumulation from this projects collect in our
drainage system causing all kinds of erosion around cross structures, cause high edge
problems, and some areas promotes water to run down the edge of the road causing edge
drop offs. Until a law enforcement agency starts requiring silt fence or other prevention
methods at this construction sites, this will continue to be a problem for TxDOT.

e Not having a curb and gutter and bridge sweeping contract is starting to give us problems
at times of rainy weather. Ditch cleaning contract would help us so that we can focus on
energy sector areas on the roadway.

e Qutfall ditches, more defined and mapped out.

e Inour area, we have a high volume of truck traffic, which brings a large amount of dirt
and debris on to our ROW, which causes high shoulder. This prevents proper water
drainage, water pooling up and encroaching in to the travel lanes.

The survey issued to staff/AEs was structured differently than the survey sent to maintenance
supervisors. While the primary goal with maintenance supervisors was to capture current
drainage problems, with staff/AEs the goal was to determine current perspectives on the
importance of drainage assets. While maintenance supervisors rank drainage assets with no
overlap, staff/AEs provide importance levels to drainage assets and have the ability to assign the
same importance level to multiple assets. The same drainage areas within the ROW were used,
and the ability to comment on those areas or add additional information was offered within the
survey. The three primary questions presented to staff/AEs are listed below:

1. Think about the roadway elements below and move the slider to the importance rating it
should receive for its effect on surface drainage. One (1) represents no importance at all,
while nine (9) indicates the element is very important. Do not worry about rating overlap,
it is perfectly acceptable to assign the same importance weight to multiple elements:

a. Cross-slope.
b. Rut depth.
c. Longitudinal profile.
d. Superelevations.
2. Repeat the rating for the roadside elements below:
a. Edge drop-offs.

High edges.

Barrier and rail openings.

Curb and gutter.

Inlets.

Intersection radii.

~® 00O
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3. Repeat the rating for the extended roadside elements below:
a. Front slopes.

Ditch lines.

Back slopes.

Parallel structures.

Cross structures.

© o0 o

Table 6 provides a summary of the survey sent to staff and AEs.

Table 6. District Staff/AE Survey Summary.

Surveys Surveys %
District Sent Completed Completed
Atlanta 7 4 57%
Bryan 8 5 63%
Corpus Christi 7 3 43%
Houston 9 5 56%
Tyler 9 4 44%
Total 40 21 53%

Table 7 and Figure 4 summarize the survey results for each question.

Table 7. Staff/AE Survey Question 1 Summary.

Min Max  Average Standard
Value Value Value Deviation
Cross-slope 5 9 8.19 0.98
Rut depth 5 9 7.62 1.28
Longitudinal profile 2 9 6.62 1.86
Superelevations 3 9 7.1 1.92
10
8180
g- 7E19 S~
6.619 :
ﬁ -
4
2 -
n .
Cross-zlope Rut depth Longitudinal profile  Superelevations

Figure 4. Staff/AE Survey Question 1 Summary.
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A review of the results of Question 1 indicates that while cross-slope and rut depth are
considered the most important, the degree of importance for roadway elements does not vary
significantly across elements. Table 8 seems to indicate that some may view longitudinal slope
and superelevations less importantly, while cross-slope and rutting never receive an importance
rating of less than five. Figure 5 graphically presents the information in Table 8.

Table 8. Staff/AE Survey Question 2 Summary.

Min. Max.  Average Standard

Value  Value Value  Deviation
Edge Drop-offs 1 9 5.19 2.6
High Edges 4 9 7.24 1.45
Barrier and Rail Openings 3 9 6.52 1.91
Curb and gutter 3 9 6.76 1.89
Inlets 5 9 7.76 1.26
Intersection Radii 1 9 4.85 2.8

off® a0e® . L] w@i
moP ¥ #@M:mu@u’w “ﬁ:ﬂgﬁﬁﬂ“

Figure 5. Staff/AE Survey Question 2 Summary.

An interesting observation from Figure 5 is that edge drop-offs rank near the bottom in terms of
importance weighting, while inlets are the highest. Maintenance supervisors rank edge drop-offs
as one of the highest trouble areas and inlets as one of the least.
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Table 9. Staff/AE Survey Question 3 Summary.

Min Max  Average Standard
Value Value Value Deviation
Front slopes 1 9 5.38 2.33
Ditch lines 3 9 7.24 1.67
Back slopes 1 9 4.81 2.14
Parallel structures 3 9 6.57 1.72
Cross structures 3 9 7.52 1.63
10-
8- 7238 7.524
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Figure 6. Staff/AE Survey Question 3 Summary.

For the staff/AE survey, 21 were completed. In the section of the survey where participants are
asked if the three drainage areas are reasonable, 20 of the respondents indicated that they are
reasonable. The respondent who indicated the area did not make sense provided additional
feedback. It appears that in order for this participant to clearly state whether or not the areas
make sense, a more formal definition of each area needs to be provided. Eleven additional
comments were provided in the open comment box. These comments are listed verbatim below:

e Actually falls under superelevation, but partial overlay with TOM (approx. % in.) has
been known to cause minor accumulation of water on superelevated inside shoulders
(Interstate section) and concentrated flow across travel lanes. Specific example, but
something that has occurred. Also possible effects of the various methods of overlay in
curb and gutter sections.

e Moving trunkline outfalls. These should be considered but I do not know how to capture
them.

e Type of pavement, speed of facility, and traffic volume.

e Intersections that are built to a tabletop to facilitate traffic flow in both directions (i.e.,
flattened for the main road and the crossroad), resulting in poor drainage if inlets are not
placed in the approach gutters, or if the intersection plane is too flat.
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e Curb openings on curbed roads with ditches or in raised medians where they allow
drainage to cross the roadway on the surface in areas of superelevation.

e Combination of features (i.e., longitudinal grade at zero in location where the
superelevation transition goes to zero).

e Slope drains extending down the header bank at bridge ends (some are blocked
deliberately because of erosion alongside the drain, while others are blocked by curbing
installed for a retrofitted thrie-beam connection).

e Width of pavement if built-in single cross-slope.

e Birdbath built into surface grade due to combination of superelevation and curb/bridge
rail.

e Flooding allegations by private property owners. Storm water pollution prevention plan
(SWP3) device effects on roadway drainage retention/detention for capacity
improvement projects.

e Use of slotted drains in wide pavement sections in superelevation.

ADDITIONAL BACKGROUND INFORMATION AND LITERATURE REVIEW
Asset Management Overview

Asset management has been a rapidly evolving field within transportation since 1998 when the
American Association of State Highway and Transportation Officials (AASHTO) created an
asset management task force. Over this 15-plus-year evolution, the state of implementation of an
asset management programs across state DOTSs has varied widely, but the Moving Ahead for
Progress in the 21% Century Act (MAP-21) appears to be the catalyst for nationwide
implementation of an asset management approach. Under MAP-21 legislation, states must build
a risk-based asset management plan for roads and bridges. Plans for other assets are encouraged,
but not required. State plans must include:

e A summary listing of the pavement and bridge assets on the National Highway System,
including the condition of those assets.

e Asset management objectives and measures.

e Performance gap identification.

e Lifecycle cost and risk management analysis.

e Afinancial plan.

e Investment strategies (1, 2).

Obviously, asset management takes on many forms throughout the industry. In the literature, the
point has been made that while asset management has been studied for decades, there is no
common understanding of what it is and how it looks within an agency. Ultimately, it should
help achieve more value with fewer resources, but for public agencies, this remains difficult
because of the following issues:
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e The function of infrastructure assets is complex as is the expected performance of those
assets.

e How asset failure and asset benefit is defined is not always known, and there is no
standard within the industry.

e Once failure and benefit are defined, they must be quantified and measured, a difficult
task itself (3).

As agencies try to piece together their asset management program, the National Cooperative
Highway Research Program (NCHRP) published a synthesis in 2013 that offers a fairly
comprehensive review of what is taking place around the country. This synthesis was published
in response to MAP-21. Asset management principles are pushing agencies to make decisions
based on data, with the understanding that data-driven decisions are more defensible and will
ultimately be performance based. This synthesis reinforces the readily available data for
pavements and bridges but indicates that while some agencies are beginning to collect data on
other assets, their use in decision making is almost nonexistent (4).

Current Asset Management Systems with TxDOT

TxDOT has a plethora of historical pavement and bridge data. TXDOT collects distress data on
all on-system (state-owned) facilities on an annual basis. These data include ride quality and
distress ratings. This information is stored in the Pavement Management Information System
(PMIS). Much of these data are aggregated to provide three primary scores: a condition score
(CS), a distress score, and a ride score. Condition and distress scores range from 1 to 100, with 1
representing the worst condition and 100 representing the best condition. Ride score can range
from 0.1 to 5.0, with higher numbers representing smoother pavements. PMIS has long been
used to describe the condition of Texas pavements and provide a benchmark associated with the
90 percent good or better goal (5, 6).

A bridge is defined as a “structure erected over a depression or an obstruction, such as water, a

highway, or a railway that carries traffic and has an opening of more than 20 feet between faces
of abutments” (7). TxDOT inspects all bridges at least every two years. For Texas, this requires
the inspection of 52,536 structures, about 76 percent more than any other state (7, 8).

While PMIS and the bridge inventory are well developed, such a comprehensive database does
not exist for other assets. For other assets on the ROW, TxDOT uses the Texas Maintenance
Assessment Program (TXMAP). The Texas Traffic Assessment Program (TXTAP) is also used to
evaluate signs, works zones, and other traffic-related elements. Unlike PMIS, these systems only
sample a portion of the network. The annual program collects data on 4,000 1-mi roadway
sections and adjacent ROW. This equates to 5 percent of non-interstate highway centerline miles
and 10 percent of interstate centerline miles. TXMAP collects data on pavement condition and
roadside performance using a windshield survey on a statistically determined sample size.
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The roadside elements include:

e \egetation.

e Litter.

e Sweeping.

e Trees/Brush.
e Drainage.

e Encroachments.

e Guard rails.

e Guard rail end treatments.
e Mail boxes.

Data are collected on these elements through visual inspection while driving. During a peer
review of the program, this process was questioned by several other state DOTs. Kansas DOT
asked, “If you are driving, how is pipe condition determined?”” North Carolina Department of
Transportation (NCDOT) pointed out that they measure blocked pipes within its program. This
peer review is part of a process to evaluate the creation of a Texas Condition Assessment
Program (TxCAP), which will combine TXTAP, TXMAP, and PMIS. The initial formulation for
TXCAP uses a 25 percent multiplier for TXMAP and TXTAP and a 50 percent multiplier for
PMIS. Double counting can occur within these multipliers because of the PMIS and TXMAP
pavement condition data.

The peer review revealed what other DOTSs are using in measuring asset performance. Caltrans
indicated they have a five-year maintenance program that leads their largest condition rating
effort, but they do not have all components inventoried. Caltrans categorizes assets in terms of
safety, preservation, and service. NCDOT indicated that they would love an inventory, but it is
too much effort, so inventory is estimated on 34 different areas. Each area has a performance
target used for planning and seeking additional money from the legislature (9, 10).

Lack of good data beyond pavements and bridges is a common area of concern voiced by
transportation decision makers. The small sample size and the use of a windshield survey within
TXMAP leaves decision makers wanting better and more reliable data for which decisions can be
made. Geometric elements and how those elements relate to pavement and other asset
performance are not commonly collected, particularly at the network level.

Literature Review of Mobile LIDAR Applications

The use of mobile LIDAR to measure and inventory roadway attributes is on the rise (11-14).
However, applying the results of mobile LIDAR measurements and incorporating the results into
asset management systems and processes often requires tailor-made techniques. NCHRP Report
748 suggested that applying mobile LiDAR to transportation-related applications has the
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potential to revolutionize the industry, particularly if data are shared across agency silos from
project planning to facility maintenance (15).

The use of LIDAR for specific infrastructure applications is well documented in the literature. A
LiDAR study conducted on over 90 miles of roadway in North Carolina evaluated LiDAR data
against manually collected data and found that mobile data compare reasonably well to manual
collection (14). Potential LiDAR application at the network level includes the measurement of
roadway cross-slope with a device that generates over 10,000 laser points per second (13). An
algorithm referred to as the horizontal alignment finder was created to inventory highway curves
(16). Studies related to storm water surface drainage infrastructure have also been performed.
The use of LIDAR data within an Italian storm water study sought to overcome the challenge of
not knowing the in-field condition because as-built data are often out of date or inaccurate (17).
Lantieri used mobile LIDAR data to determine water runoff conditions on the pavement surface
and to understand how improper surface drainage can lead to pavement striping and
delamination (18). The Florida Department of Transportation has evaluated methods to analyze
cross-slope from mobile data collection. The analysis of highway geometric conditions assists
agencies in evaluating accidents related to surface geometry or surface drainage (19).

A major application of LIDAR intensity that has been widely studied is to classify natural and
urban surface covers such as asphalt roads, grass, trees, and house roof. Intensity has also been
used to discriminate snow-covered areas from bare ice in a glacier, aging lava flows, rock
properties, coastal land cover, flood modeling, and wetland hydrology (20). Further, LIDAR
intensity has been used with other measurements to improve the accuracy of results.

LiDAR-based elevation data were qualitatively analyzed for highway drainage analysis by
comparing against standard USGS-based elevation data for watershed and drainage pattern
delineation along a section of highway on lowa 1. The study used flow-modeling tools from the
Hydrologic Engineering Center and GIS with terrain obtained from LIiDAR data and USGS
Digital Elevation Models (DEMSs). The study did not find significant benefit due to additional
detail from aerial LiDAR data in terms of highway hydrology in the area studied (21).

With in-depth technical details, rapidly emerging technology, and various applications, a 2013
synthesis was performed on LIDAR applications. Along with this synthesis, an NCHRP report
offers much of the same information and guidelines for the use of mobile LiDAR for
transportation applications. These two references almost serve as a one-stop shop for the state-of-
practice of LIDAR within transportation. These documents were created because this technology
is being rapidly deployed, and while the benefits seem obvious, limited experience and vast
amounts of created data can prove challenging for transportation agencies. One of the primary
benefits with the use of mobile laser scanning is the safety to the raters and the traveling public; a
second is an almost elimination of roadway delays (11, 15).
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Puente et al. provided a thorough review of laser scanning technology available on the market
(22). This review evaluated multiple pieces of technology and their capabilities for positioning,
scanning, and imaging. When determining what type of mobile scanning system needs to be
used, an agency needs to understand if it is primarily concerned with mapping of features or
surveying features. Making this determination dictates which equipment should be selected and
the associated price for that equipment. The article evaluated seven separate scanning devices.
These devices and a brief conclusion on their capabilities are:

e Roadscanner (Siteco): Good performance and one of most effective, especially for road
inspections.

e |P-S2 (Topcon): Provides panoramic views but requires more detailed point data to be
used in surveys and roadway inspections. Better in situations where low accuracy is
acceptable.

e MX8 (Trimble): Good performance for roadway inspections but not as high as the
Optech equipment.

e Streetmapper Portable (3d Laser Mapping, Ltd.): Good performance for roadway
inspections but not as high as the Optech equipment.

e VMX-250 (Riegl): Good performance for roadway inspections but not as high as the
Optech equipment.

e Dynascan (MDL Laser Systems): Lower precision, but great range. The range component
can help in mining or environmental monitoring where large scale mapping is needed.

e Lynx Mobile Mapper (Optech): Best laser specifications on the market, providing high
performance for roadway inspections (22).

Hydraulic and Hydrologic Literature Review

To simulate surface drainage on the roadway and roadside, LiDAR readings must be linked
together to form a grid that can be used in grid-based algorithms. O’Callaghan and Mark created
the deterministic eight-direction (D8) single-flow algorithm to extract data from DEMSs in

1984 (23). Choi et al. continued the use of grid-based algorithms in a study used to capture
manmade storm water infrastructure (24). TopoToolbox is a set of Matlab commands built upon
the D8 algorithm to assist with hydraulic analysis of topographic data (25, 26).

Hydroplaning can be defined as the actual separation of the tire from the pavement surface,
caused by a layer of fluid (27, 28). Hydroplaning potential is a function of geometric conditions
such as cross-slope, longitudinal grade, and pavement width. Surface textures also effect
hydroplaning by directly impacting the fluid thickness between the tire and roadway. On
pavements, this thickness is called the water film thickness (WFT) or water film depth (WFD)
(27-33). Parameters beyond the control of the agency also influence hydroplaning, such as tire
wear, tire pressure, driver’s speed, and rainfall intensity (33).
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Both empirical and analytical models have been developed to predict WFT. Ultimately,
researchers have sought to move beyond the geometric and textural analysis that calculates a
WEFT into an analysis of the speed at which hydroplaning will occur. In 1963, NASA developed
a hydroplaning speed (HPS) formula that was modified in 1986 to account for the width to length
ratio of the tire footprint. Gallaway’s work at the Texas Transportation Institute in the 1970s
culminated in the development of a WFT formula and HPS formula (27). PAVDRN software
was created as part of an NCHRP in the late 1990s that also developed WFT and HPS formulas
(31, 34). Recent work at the University of Southern Florida created HPS formulas based on
numerical predications (35). Work in the field continues in an effort to move past empirical
equations that can be limited to specific values. Analytical methods using finite element analysis
to predict skid resistance and HPS have been built to apply to broader conditions and include
factors such as tire pressure and wheel load (28).

LiDAR measurements can be analyzed to delineate drainage areas within the roadway and
roadside infrastructure. Knowledge of drainage areas allows researchers to capitalize on
hydraulic analysis equations with long histories of use. For example, the developer of the
PAVDRN model settled upon a one-dimensional kinematic model for WFT calculations (31). A
popular hydraulic model, the kinematic wave model, has a long history in overland and channel
flow calculations (36-39). The Rational Method can be applied to surface runoff calculations
when the intensity and duration of rainfall are known or assumed. The Rational Method is
typically limited to smaller areas (less than 200 acres). Manning’s equation can be used to
calculate water velocity while accounting for the roughness of the surface (40). Manning’s
equation uses the hydraulic radius for velocity calculation, but when the bottom width of a
channel or flow path is extremely wide, particularly as it relates to water depth, the hydraulic
radius is equal to the flow depth (39, 41). The continuity equation is a conservation equation in
fluid mechanics that includes discharge, velocity, and cross-sectional drainage area (42). The
continuity equation, Manning’s equation, and the discharge equation can often be combined to
calculate important flow parameters.
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MOBILE LIDAR EQUIPMENT USED TO DEVELOP TXDOT’S SURFACE
DRAINAGE RATINGS

MOBILE LIDAR SYSTEM

In this study, a single-laser mobile LiDAR system (MLS) was used to collect roadway and
roadside surface geometry. Knowledge of roadway and roadside geometry permits the analysis
of surface drainage and also permits the comparison of roadway and roadside elements to design
standards. Design standards are developed to balance safety and drainage requirements while
placing paramount importance on the safety of the users. Therefore, because of the nature of the
MLS equipment used in this study and the nature of highway surface drainage, both safety and
drainage elements are included.

The common components of MLSs include the hardware technology mounted to the vehicle, the
in-vehicle software interface for data collection, and the software package for post-processing.
The MLSs used in this study included the Road Doctor CamLink camera, a single SICK laser
scanner, a NovAtel GPS, a NovAtel inertial measurement unit (IMU), a 3D accelerometer, Road
Doctor CamLink 7.0 in-vehicle software, and Road Doctor 3 post-processing software. The laser
scanner package was constructed by Roadscanners Oy of Finland (43). Two primary pieces of
data are generated by the laser: the reflectivity of the target object and the straight-line distance
to the object in relation to the angle of the laser. Figure 7 illustrates the geometry associated with
LiDAR measurements.

Horizontal projection at laser elevation

Horizontal projection of ground
elevation where the laser is plumb

ROW
€

Figure 7. Laser Scanner Geometry.
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Figure 7 depicts four relevant measurements as the scanner collects data within the ROW.
Descriptions of the variables in Figure 7 are:

e Yo represents the height of the laser source when the laser is vertically plumb to the target
object (i.e., the road surface). This height is approximately 10 ft (3.05 m).

e Hois the distance from the laser source to the target object.

e 0 is the angle between a horizontal projection at the height of the laser and the laser shot.

e 0 is the angle between Yo and the laser shot.

The o value represents the angular resolution. Angular resolution is defined as the angular
movement in the laser between measurements (44). In this study, the angular resolution is
0.6667°. The angular resolution increment spacing does not change, so more data points are
collected in close proximity to the laser source. This can be seen in Figure 8, which includes
laser lines on approximately 5° increments.

ROW

Laser
Horizontal projection at laser elevation o = 180° f a=0

QL is shown in 5° increments

(lllustration from (¢ approximately
between 50° and 165°) \

Direction
of laser

€ 3
11° LANE =hiley

ROW

Figure 8. Transverse Laser Geometry.

Point density is the number of LIDAR measurements (i.e., points) per unit area. Point density
changes in relation to laser proximity and the speed of the MLS vehicle. Within a 0.1-mi (161 m)
data collection section, between 100,000 and 200,000 points are generated over a 100-ft (30.5 m)
wide field of view while driving at 45 mph (72.5 kph) average speed. In the data collection lane,
approximately 19,000 points are generated within a 0.1-mi (161 m) section. The mobile LIDAR
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unit in this study has a point density of approximately 190,000 points per lane mile in the data
collection lane at 45 mph. At 70 mph, the point density reduces to approximately 127,000 points
per lane mile. Figure 8 illustrates the point density reduction as the target object distance
becomes farther from the laser source or the target surface becomes steeper.

Data processing begins in the collection vehicle. Within the vehicle is a software interface to
initiate and stop data collection. Road Doctor Camlink 7.0 was used in this study. Data
management is an integral element within the network-level process. An approximately 0.93-mi
(1500 m) long project level section on US 75 in Sherman, Texas, generates between 275,000 KB
and 300,000 KB of data per run. A multi-mile roadway segment for inclusion into a network
rating will generate several million kilobytes of information. Much of the used disk space is
video files. For US 75, video constitutes over 250,000 KB of data. On approximately 7.5 mi of
FM 320 in the Tyler District, over 2.8 million KB of data are produced, but 2.6 million KB of the
data are video. The other 7 percent to 10 percent of data are scanner data used to generate point
clouds and compute elevations.

The Surface Analytics module of Roadscanners’ Road Doctor 3 software package was used in
this study. Many software options are available from Roadscanners. The various modules of
Road Doctor 3 can be found at http://www.roadscanners.com/product/road-doctor-3/. The
Surface Analytics module includes the following features:

e Road Doctor Survey Laser Scanner Data Processing.

e Point Cloud Creation.

e 3D Surface Data Extraction from Laser Scanner Data.

e Rutting Calculation from Laser Scanner Data.

e [RI Calculation from Accelerometer Data.

e Semiautomatic Road Shape Calculation from Laser Scanner Data.
e Longitudinal Data Filtering Tool.

CONVERSION OF MLS DATA INTO A GRIDDED FORMAT

For this study, LIDAR points were organized in a surface grid for reduction and hydraulic
analysis purposes. This was done for both the paved surface and the roadside after the different
surfaces were extracted as described above. Post-processing software was used to extract an
elevation from each grid. Locations close to the laser have multiple points within a single grid,
while points far from the laser may have no points within the grid and must rely upon
interpolation.

Figure 9 displays a 1-ft x 1-ft grid on the paved surface. The longitudinal spacing between cross-
sections remains somewhat constant, but the spacing between points within a cross-section
increases moving away from the laser. This is displayed in Figure 10, which depicts 3-ft x 3-ft
grids used on the roadside. At far distances from the laser, it is possible no discrete
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measurements are taken within a 3-ft x 3-ft grid. Cross-sections are generated on a slight skew,
as illustrated in Figure 9 and Figure 10.

N Y R, Bl Ry — g ——

Figure 10. Roadside Grid Example.
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The three factors that can affect the data orientation and data density of the roadway surface grid
for mobile LiDAR data were briefly illustrated and discussed above. These factors are:

e Skew created in collecting data from a mobile apparatus.
e Longitudinal spacing between cross-sections.
e Transverse spacing within cross-sections.

Longitudinal Skew

Longitudinal skew—the difference between creating a perfectly perpendicular cross-section to
the centerline and one that crosses the centerline at an angle—is created by collecting data from a
mobile device. Because the laser scans through the horizon and the data collection vehicle is
moving, each point within a cross-section is in a different longitudinal location from the
centerline. Table 10 shows the longitudinal skew at various data collection speeds (i.e., speed of
the MLS vehicle).

Table 10. Longitudinal Skew Associated with Mobile LiDAR Data.

Vehicle  Max Longitudinal Longitudinal Skew across Longitudinal Skew from EOP
Speed Skew Collection Lane to EOP
(mph) (in) (in) (in.)

5 0.47 0.20 0.29
10 0.93 0.39 0.59
15 1.39 0.59 0.88
20 1.86 0.78 1.17
25 2.32 0.98 1.47
30 2.79 1.17 1.76
35 3.25 1.37 2.05
40 3.72 1.56 2.35
45 4.18 1.76 2.34
50 4.64 1.96 2.93
55 511 2.15 3.23
60 5.57 2.35 3.52
65 6.04 2.54 3.81
70 6.50 2.74 411
75 6.97 2.93 4.40
80 7.43 3.13 4.69

The maximum longitudinal difference represents the laser reading 190° apart, or 5° above the
horizon created by the laser. This distance is often of no interest because the laser is likely
reading leaves on trees or a target object far in the distance. For practical purposes, the skew
created by collecting the data from a mobile apparatus will often be less than 3 in. and will
almost always be less than 6 in. Within the context of a roadway cross-section, this can be
considered negligible and will be ignored from this point forward.
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Longitudinal Spacing

Longitudinal spacing represents the spacing between cross-section measurements and must be
accounted for during data reduction. Using mobile LIDAR, transverse cross-sections are taken on
small intervals, typically less than 1 ft. Figure 11 displays transverse cross-section spacing for a
6.5-mi section of rural highway. On this roadway, 54,621 cross-sections were created. The
average spacing between these cross-sections is 0.63 ft (less than 8 in.) apart. Data were
collected on this roadway section at an average vehicle speed of 42.9 mph.
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Mean 0.630
@ 35000 Median | 0.640 |
o
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% 20000
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‘EJ 15000
S 10266
< 10000
5000
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0.167 0.334 0501 0.668 0.835 1.002 1.169 More
Spacing between Cross Sections (ft)

Figure 11. Transverse Cross-Section Spacing over Multiple Miles Traveling at
Approximately 43 mph.

Transverse Spacing within a Cross-Section

Skew and cross-section spacing deal with measurements moving in the direction of the data
collection vehicle, but transverse spacing deals with the distance between measurements within a
cross-section. Transverse spacing (i.e., spacing within a cross-section) is a function of the
following four variables:

e Laser frequency.

e Angular resolution.

e Distance from laser source.
e Slope of target surface.

The laser dictates the first two variables, while the roadway geometry controls the latter two.
Because the angular resolution does not change, if a target surface moves steeply away from the
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laser, measurements become farther apart. Figure 12 displays the spacing across a typical two-
lane roadway with varying front slopes.
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Figure 12. Transverse Spacing for a Two-Lane Roadway.

The grid size for pavements must be small enough so that no interpolation is required. For
example, if the transverse spacing is 12 in., then the grid size should not be smaller than 12 in.?
to avoid interpolation. The largest spacing between skew, longitudinal spacing, and transverse
spacing dictates the grid size for pavements. For a paved-surface-only analysis, a 1-ft x 1-ft grid
can be used on most sections with no interpolation between points. For wider geometric sections,
it might be necessary to collect data for pavement analysis and for roadside analysis in different
MLS runs. Grid size is a function of the following variables:

e Number of lanes.

e Data collection lane.

e Width of paved surface.

e Slope of the target surface.

Roadside geometry varies greatly depending on the topography of the site. Thus, the distance
from the laser to the target surface requires a change in grid size. The clear zone concept often
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dictates the horizontal offset area of concern. Because roadside geometry is not typical,
knowledge of the potential clear zone widths can help define the appropriate roadside grid size.
The clear zone is based off of the edge of the traveled way, not the EOP, and can be much
smaller than 30 ft depending on posted speed and traffic volume. Because motorists do not
directly interact with the roadside, interpolation between points can be allowed, so a 3-ft x 3-ft
grid size is used for roadsides. At this grid size, along the right roadside of a rural roadway with
a shoulder, no interpolation is required between the EOP and 15 ft away. If no shoulder exists,
this distance increases to 24 ft. For a left roadside with a shoulder, interpolation begins
approximately 8 ft from the EOP. If no shoulder exists, it begins 17 ft from the EOP. In
summary, for typical rural two-lane facilities, one data collection run in either travel lane can be
used for network-level analysis. A 1-ft x 1-ft grid size should be used for pavement analysis, and
a 3-ft x 3-ft grid size should be used for roadside analysis. Table 11 provides the results of the
analysis with transverse spacing shown at each EOP and near the middle of each lane. The data
collection lane is indicated in red font.
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MOBILE LIDAR EQUIPMENT ACCURACY VALIDATION

Within this study, validation of the accuracy of mobile LiDAR readings occurred through a
multistep approach. The raw accuracy of the laser and other MLS components were established
by manufacturers and assumed to be valid. For this study, the accuracy of initially post-processed
data to measure roadway and roadside surface geometric features was of primary concern.
Sections of known geometry were used to validate the accuracy of MLS measurements from
processed data. These sections and the accuracy use of each section include:

e Validation of the accuracy of length measurements. To accomplish this, a pavement run
of known length located on Runway 35C at the Texas A&M University RELLIS campus
was used. Length measurements on this facility are provided on 10-ft (3.05 m)
increments.

e For cross-slope validation between the data collection vehicle wheel paths, 11 locations
spaced 50 ft (15.24 m) apart along the known length section had cross-slopes measured
using a 6-ft (1.83 m) straight edge and digital protractor.

e Cross-slope validation across an entire travel lane occurred on a 0.1-mile (161 m) section
of New Main, located on Texas A&M University Campus, with cross-sections
professionally surveyed on 10-ft increments.

e Validation of the paved surface continued by evaluating the cross-slope of the adjacent
lane along New Main.

e Similar to New Main, a 0.1-mile (161 m) section of SH 30 was surveyed to establish
cross-sections on 10-ft (3.05 m) increments. Figure 13 shows the various points
professionally surveyed along SH 30. SH 30 cross-section data were used to analyze
cross-slopes measured while collecting in opposite directions. For example, the cross-
slope in the eastbound direction should be the same regardless if it was collected in the
eastbound lane or the westbound lane.

e SH 30 data were also used to validate the accuracy of the roadside slopes while collecting
in only one direction. The front slope can be measured using Points 2 and 3 and Points 9
and 10. Back slopes can be measured using Points 1 and 2 and 10 and 11.
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Figure 13. SH éO Ground Truth Cross-Section.

¢ In addition to the professionally surveyed ground truth cross-sections, an inverted rut
track located at the Texas A&M University RELLIS campus was used to evaluate the
accuracy of mobile LiDAR for depth measurements.

e This same inverted rut track was used to analyze area calculations for drainage basins
along the roadway. Figure 14 displays the inverted rut track containing steel plates 40-ft
(12.2 m) long with 42 in. (1.07 m) between plates.

Figure 14. Rut Track Located at Texas A&M RELLIS Campus with Inverted Rut Plates of
Known Dimensions.
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Mobile LIiDAR Length Analysis

A precisely measured test track of known length, stratified on 10-ft (3.05 m) increments exists at
the Texas A&M University RELLIS campus. This track has a long history of use with inertial
profiler certifications as specified in TXDOT’s Standard Specifications. A piece of reflective tape
was placed at 0 ft and another at 1640 ft (499.872 m). Mobile LiDAR data repeatedly measured
this length to within 0.15 percent. Table 12 displays the results of the length analysis.

Table 12. Mobile LIDAR Measured Length Analysis.

Run Field Field LiDAR LiDAR Difference  Difference %

Number  Measured Measured Measured Measured  (ft) (m) Difference
Distance Distance Distance Distance
(ft) (m) () (m)

1 1639.15 499.61 0.85 0.259 0.05%

2 1638.15 499.31 1.85 0.564 0.11%

3 1640 499.872 1637.57 499.13 243 0.741 0.15%

4 1638.62 499.45 1.38 0.421 0.08%

5 1638.62 499.45 1.38 0.421 0.08%

Cross-Slope between Data Collection Vehicle Wheel Paths

A 6-ft (1.83 m) straight edge and digital protractor were used to precisely measure the cross-
slope on 50-ft (15.24 m) increments along the same track used for the known length
measurements. MLS data were processed into cross-sections of 6-in. (0.1524 m) spacing with
transverse measurements within the cross-sections spaced 3 in. (0.0762 m) apart. MLS data were
collected dynamically and processed into predefined grids, so accuracy analyses consider a
window around the discretely measured point. A 2-ft (0.6096 m) window around the discretely
measured locations was used to compare the accuracy of the MLS cross-slope. Table 13 shows
these results. The top portion of Table 13 compares the field measurement with the average of
the four cross-slopes generated by the MLS in the 2-ft (0.6096 m) window. The bottom portion
of Table 13 compares the accuracy of the cross-section most similar to the field-measured
location. In summary, a single cross-section within a small window around a discretely measured
location will likely be within 0.05 percent and will at times identically match. If the average
value is used, the accuracy between the MLS and the finite location is near 0.15 percent.
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Table 13. Mobile LIiDAR Cross-Slope Analysis.

Field Mobile LIDAR Run1  Mobile LIDAR Run2  Mobile LiDAR Run 3
Measured  2-ft 2-ft 2-ft

Location Cross- Average  Difference Average Difference Average Difference
Slope (%) (%) M- (%) M-@ ) M-©@
) 2) 2) )

1 (O-ft) 1.75% 1.71% 0.04% 1.92% -0.17% 218%  -0.43%

2 (50-ft) 2.09% 1.94% 0.15% 1.95% 0.14% 1.83%  0.26%

3 (100-ft) 2.27% 2.06% 0.21% 2.34% -0.07% 2.00%  0.27%

4 (150-ft) 2.44% 2.62% -0.18% 1.95% 0.49% 2.34%  0.10%

5 (200-ft) 2.44% 2.42% 0.02% 2.12% 0.32% 233%  0.11%

6 (250-ft) 2.27% 1.90% 0.37% 1.73% 0.54% 2.15%  0.12%

7 (300-ft) 2.09% 2.07% 0.02% 2.20% -0.11% 2.14%  -0.05%

8 (350-ft) 2.27% 2.05% 0.22% 1.95% 0.32% 2.01%  0.26%

9 (400-ft) 1.92% 1.75% 0.17% 1.80% 0.12% 165%  0.27%

10 (450-ft) 2.44% 2.18% 0.26% 2.04% 0.40% 227%  0.17%

11 (500-ft) 2.27% 2.03% 0.24% 1.97% 0.30% 2.18%  0.09%
Field Mobile LIDAR Run1  Mobile LIDAR Run2  Mobile LiDAR Run 3
Measured — 2-ft 2-ft 2-ft

Location Cross- Average  Difference Average Difference Average Difference
Slope (%) (%) M- (%) M-@ M-
) 2) 2) )

1 (O-ft) 1.75% 1.74% 0.01% 1.85% -0.10% 1.82%  -0.07%

2 (50-ft) 2.09% 2.09% 0.00% 2.09% 0.00% 2.08%  0.01%

3 (100-ft) 2.27% 2.23% 0.04% 2.30% -0.03% 210%  0.17%

4 (150-ft) 2.44% 2.52% -0.08% 2.13% 0.31% 2.44%  0.00%

5 (200-ft) 2.44% 2.47% -0.03% 2.43% 0.01% 2.46%  -0.02%

6 (250-ft) 2.27% 2.18% 0.09% 2.29% -0.02% 2.25%  0.02%

7 (300-ft) 2.09% 1.99% 0.10% 2.18% -0.09% 1.98%  0.11%

8 (350-ft) 2.27% 2.21% 0.06% 2.16% 0.11% 2.28%  -0.01%

9 (400-ft) 1.92% 1.89% 0.03% 1.90% 0.02% 199%  -0.07%

10 (450-ft) 2.44% 2.56% -0.12% 2.22% 0.22% 243%  0.01%

11 (500-ft) 2.27% 2.34% -0.07% 2.11% 0.16% 2.36%  -0.09%

Cross-Slope across Data Collection Lane

To expand the accuracy analysis of the MLS, the cross-slope measured and processed across the
entire data collection lane was compared with professionally surveyed locations. The lane used
for analysis was the outside inbound lane of New Main Dr., entering the Texas A&M University
campus. This lane consists of both a travel lane and bicycle lane with concrete curb on the
outside. Over approximately a 0.1-mi (161 m) section, professionally surveyed cross-sections
were acquired on 10-ft (3.05 m) spacing. The cross-slope evaluated for accuracy began in the
middle of the white lane striping to the left of the data collection vehicle and proceeded to the
base of the curb at the outside edge. MLS data were processed into cross-sections spaced on 1-ft
(0.3048 m) increments with 3-in. (0.0762 m) transverse spacing between points within a cross-
section. Once again, because of the dynamic nature of MLS data collection and because the
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precise location of the survey point is only as accurate as the survey equipment used, both a 1-ft
(0.3048 m) longitudinal and transverse window are used for accuracy comparison. Three repeat
runs and 39 cross-sections were used for comparison. The histogram in Figure 15 consolidates
the 39 cross-sections from each of the three repeat runs. The population count in Figure 15 is 117
with 103 cross-sections, or 88 percent of cross-sections, within an accuracy of £0.1 percent.
Approximately 92 percent of all cross-slopes are within +0.15 percent, and more than 95 percent
of cross-sections are within +0.2 percent.
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Figure 15. Histogram of Data Collection Lane Cross-Slope Accuracy.

The multiple runs associated with this accuracy analysis allows for a comparison of the
repeatability of the cross-slope measurement. Figure 16 shows that 83 percent of cross-sections
have cross-slope repeatability within 0.10 percent and 91 percent within 0.15 percent.
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Figure 16. Histogram of Cross-Slope Repeatability between MLS Runs.
Adjacent Lane Cross-Slope

The expansion of the accuracy analysis includes the lane adjacent to the data collection lane.
This analysis was also performed on New Main. Two processing methods were used to evaluate
the accuracy of the processed data. The first method created 6-in. (0.1524 m) x 6-in. (0.1524 m)
grids for processing, and the other method increased the size of the grid to 1-ft (0.3048 m) x 1-ft
(0.3048 m) grids. For each method, a 2-ft (0.6096 m) window around the discretely surveyed
location was used, and the LiDAR processed the cross-section most similar to the surveyed
cross-section for accuracy comparison. Figure 17 displays the results of comparing 47 ground
truth cross-sections with MLS-generated cross-sections using processed data on 6-in. (0.1524 m)
x 6-in. (0.1524 m) grids. With this grid size, the cross-section within a 2-ft (0.3096 m) window
of the surveyed cross-section that is most similar is very nearly identical to the surveyed cross-
section. Increasing the grid size to 1 ft (0.3048 m) x 1 ft (0.3048 m) slightly increased the
difference, as shown in Figure 18. Using 1-ft (0.3048 m) x 1-ft (0.3048 m) spacing, 70 percent of
cross-sections were within 0.10 percent of the surveyed measurements, while 96 percent were
within 0.20 percent of the surveyed measurements.
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Figure 17. Histogram of Adjacent Lane Cross-Slope Accuracy Comparison Using a 6-in. x
6-in. Grid.
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Figure 18. Histogram of Adjacent Lane Cross-Slope Accuracy Comparison Using 1-ft x 1-ft
Grids.
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Repeatability of Measurements Collecting in Opposite Direction

LiDAR measurements in the lane adjacent to the data collection are often within 0.10 percent of
the actual cross-slope using 1-ft (0.3048 m) x 1-ft (0.3048 m) grids. For this reason, the accuracy
of a particular location measured traveling in one direction is compared with its accuracy while
traveling in the other direction. In more practical terms, if a measurement occurs at STA 1+00,
the cross-slope of the eastbound lane at this point should be the same regardless of whether or
not the eastbound lane was the data collection lane or if the data were collected in the adjacent
lane. This comparison was performed on 33 cross-sections generated on SH 30. MLS
measurements occurred in both the eastbound and westbound directions. When the data
collection lane was the eastbound lane, cross-sections processed in the data collection lane were
compared with cross-sections at the same location processed from the adjacent lane when data
collection occurred in the westbound lane. The same methodology was used for cross-sections
generated for the westbound lane. Figure 19 shows that approximately 50 percent of the time the
difference between a specific cross-slope when measured in the data collection lane as opposed
to the adjacent lane is within 0.10 percent, and 73 percent of the time it is within 0.20 percent.
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Figure 19. Cross-Slope Comparison with Data Collected in Opposite Direction.
Ditch Analysis

Data were collected on SH 30 in a single direction to compare actual roadside conditions with
LiDAR processed measurements. Using a single data collection run in one direction, both the left
and right roadsides were analyzed. Due to the increase in spacing as the target moves away from
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the laser, a 3-ft (0.9144 m) x 3-ft (0.9144 m) grid is used to process the data on the roadsides.
Along a 150-ft (45.72 m) longitudinal section of SH 30, 16 cross-sections are available on 10-ft
(3.05 m) increments for right and left ditch analysis. Table 14 shows the comparison of the MLS
generated ditch offset within the 3-ft (0.9144 m) x 3-ft (0.9144 m) grid to the surveyed offset.
Along the right side of the roadway, adjacent to the data collection lane, all ditch offsets are
within 3-ft (0.9144 m). Even though the laser has to travel farther to the target surface on the left
side of the roadway, the accuracy remains within 3-ft. Data are not available for cross-sections 4
through 11 on the left side because a driveway exists in this location. Table 15 compares the
ditch depth from the processed data with the survey data. In Table 15, it is clear that the surveyed
ditch depth is deeper than that measured by the MLS. This is most likely because of the
vegetation along the ROW. The laser returns to the source after striking a surface, so when it
encounters grass, it returns a measurement without completely reaching the ground. The area
along SH 30 was finish mowed during MLS collection. Figure 20 is a screenshot from the MLS
software on the day of data collection, showing how tightly the ROW is mowed along with the
driveway on the left side of the screen reference with the omitted data.

Table 14. Ditch Flowline Offset Accuracy Comparison.

Right Side Ditch Flowline Left Side Ditch Flowline
Cross- Surveyed MLS Difference Surveyed MLS Difference
Section No.  Offset (ft) Processed (ft) Offset (ft) Processed (ft)

Offset (ft) Offset (ft)

1 30.21 28.784 1.426 42.63 43.2126 -0.5826
2 30.05 28.784 1.266 41.57 40.2126 1.3574
3 30.1 28.784 1.316 40.43 40.2126 0.2174
4 29.98 28.784 1.196 49.9
5 30.21 28.784 1.426 40.22
6 29.99 28.784 1.206 50.22
7 30.44 28.784 1.656 39.87
8 30.38 28.784 1.596 49.65
9 30.18 28.784 1.396 49.67
10 30.75 28.784 1.966 50.43
11 31.24 28.784 2.456 40.37 40.2126 0.1574
12 30.16 28.784 1.376 40.37 40.2126 0.1574
13 29.92 28.784 1.136 39.24 40.2126 -0.9726
14 30.07 28.784 1.286 38.56 40.2126 -1.6526
15 30.34 28.784 1.556 38.08 40.2126 -2.1326
16 30.71 28.784 1.926 38.29 40.2126 -1.9226
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Table 15. Ditch Flowline Depth Comparison.

Right Side Ditch Flowline Left Side Ditch Flowline
Cross- Surveyed MLS Difference  Surveyed MLS Difference
Section No.  Depth (ft) Processed (ft) Depth (ft)  Processed (ft)

Depth (ft) Depth (ft)

1 2.19 2.09 0.10 2.77 2.45 0.32
2 2.20 1.99 0.21 2.78 2.57 0.21
3 2.19 1.97 0.22 2.83 2.54 0.29
4 2.14 1.89 0.25
5 2.04 1.94 0.10
6 2.09 1.94 0.15 0.66
7 2.04 1.92 0.12 0.65
8 2.08 1.93 0.15 0.62
9 2.08 1.95 0.13 0.55
10 2.13 1.95 0.18 0.61
11 1.87 1.85 0.02 2.28 1.89 0.39
12 2.04 2.00 0.04 2.07 1.88 0.19
13 2.15 2.07 0.08 1.86 1.62 0.24
14 2.12 2.04 0.08 1.84 1.60 0.24
15 2.12 1.96 0.16 1.96 1.65 0.31
16 2.02 1.92 0.10 2.09 1.72 0.37

Figure 20. SH 30 on the Day of MLS Data Collection.

Along the right roadside, a finish mowed surface creates a ditch or roadside surface between

1 and 3 in. higher than the actual ground surface. Vegetation also affects the measured slopes of
the roadside. For rural areas, vegetation is expected to be higher. Ideally, data collection should
occur immediately following the TXDOT mowing cycle. Under Item 730 in TXDOT’s Standard
Specifications, roadside mowers should be set to between 5-in. and 7-in. (45).
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Roadside Slope(s) Analysis

Using 3-ft (0.9144 m) x 3-ft (0.9144 m) grids, the LIDAR processed roadside slopes were
compared against ground truth surveyed slopes. Along SH 30, 26 cross-sections were used for
the analysis. Data were collected in a single direction, but both the left and right roadsides were
processed for comparison. Entering this analysis, it was expected that the accuracy of the left
side would be lower than the right side because the laser travels farther to reach left roadside
slopes. Figure 21 shows the absolute value of the difference between the MLS-processed right
front and back slopes compared with survey-measured values. Figure 22 shows the same
information using the same scaling for the left roadside. For both the right front and back slope,
26 cross-sections were used for analysis, but on the left side only 18 cross-sections were used for
the front slope and 16 for the back slope. The availability of more sections on the right side (i.e.,
the side adjacent to the data collection vehicle) indicates cleaner data. In this case, cleanliness of
data speaks to the ability of the laser to reach the target surface. This ability becomes more
difficult on the left side because the laser must cross opposing traffic, or the laser encounters an
obstruction rather than reaching the target surface. Encountering an obstruction can take place on
the right side as well, but it can be easier to deal with in post-processing because multiple points
can be available near the obstruction since the laser is closer to its source. On the left side,
spacing between laser readings can be far enough apart that the reading on the obstruction is the
only value to use in post-processing.
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Figure 21. Right Roadside Slope Comparison.
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Figure 22. Left Roadside Slope Comparison.
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Figure 21 shows that the difference between the survey-measured front slope and MLS-
processed front slope is typically less than 0.75. For the back slope, values are typically within
0.5, more accurate than the front slope. Initially, this appears counterintuitive because the back
slope is farther from the laser source than the front slope. However, front slope surfaces, by
definition, are moving away from the laser source. Essentially, the laser chases the front slope
downward to reach the surface. The back slope, however, moves upward and more easily back
into the laser trajectory. For this reason, when the back slope is not significantly far from the
laser source, it has the potential to be more accurate than the front slope. Moving to the left side
of the roadway, the front slope is accurate on almost half of its readings to within 0.25. The
accuracy of the left roadside back slope is much more variable as the laser begins to exceed 75 ft
(22.86 m) from source to target surface. Table 16 shows the average, median, and standard
deviation for the histograms referenced in Figure 21 and Figure 22. Analysis of the median value
helps minimize the effect of outliers and shows that the right roadside accuracy, regardless of
front or back slope, is within 0.5. More often than not, the MLS-processed front slope is flatter
than the surveyed front slope. This result is expected since vegetation in the ditch flowline raises
the elevation of the target surface. When using the pavement as the tie-point, the flatter slope is
generated with a raised flowline. Table 17 shows the direct comparison for 16 cross-sections on
the right roadside along SH 30. A larger number associated with the horizontal measurement
indicates a flatter slope. In every instance in Table 17, the MLS-processed slope is flatter than
the surveyed slope.

Table 16. Roadside Difference Statistics.

Roadside Attribute Number of Mean Median Standard
Cross-Sections Deviation
Right Front Slope 26 0.835 0.481 1.101
Right Back Slope 26 0.394 0.331 0.379
Left Front Slope 18 0.698 0.439 0.707
Left Back Slope 16 1.729 1.297 1.277
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Table 17. Direct Right Roadside Slope Comparison.

Cross- Surveyed Front MLS-Processed  Surveyed Back MLS-
Section Slope Front Slope Slope Processed Back
Number Slope

1 7.53(H):1(V) 7.59(H):1(V) 8.80(H):1(V) 8.51(H):1(V)
2 7.46(H):1(V) 8.04(H):1(V) 8.38(H):1(V) 8.27(H):1(V)
3 8.18(H):1(V)  7.97(H):1(V) 7.90(H):1(V)  7.68(H):1(V)
4 7.59(H):1(V) 8.47(H):1(V) 7.76(H):1(V) 7.68(H):1(V)
5 8.18(H):1(V) 8.49(H):1(V) 7.67(H):1(V) 7.36(H):1(V)
6 8.04(H):1(V) 8.60(H):1(V) 7.29(H):1(V) 6.88(H):1(V)
7 8.77(H):A(V)  9.11(H):1(V) 7.01(H):1(V)  6.94(H):1(V)
8 8.48(H):1(V) 8.91(H):1(V) 6.75(H):1(V) 6.59(H):1(V)
9 8.44(H):1(V) 8.86(H):1(V) 6.74(H):1(V) 6.80(H):1(V)
10 8.40(H):1(V)  8.94(H):1(V) 6.44(H):1(V)  6.73(H):1(V)
11 10.23(H):1(V)  10.22(H):1(V) 6.86(H):1(V) 7.73(H):1(V)
12 8.72(H):1(V) 9.02(H):1(V) 6.73(H):1(V) 7.15(H):1(V)
13 7.77(H):1(V) 8.27(H):1(V) 6.55(H):1(V) 6.93(H):1(V)
14 8.41(H):1(V) 8.58(H):1(V) 6.43(H):1(V) 6.86(H):1(V)
15 8.05(H):1(V) 8.61(H):1(V) 6.26(H):1(V) 6.65(H):1(V)
16 8.41(H):1(V) 8.46(H):1(V) 6.24(H):1(V) 6.68(H):1(V)

Rut Depth Measurements

By using the inverted rut track located at the Texas A&M University RELLIS campus, the ability
of the MLS device to measure rut depth was analyzed. Using 3-in. (7.62 cm), 1-in. (2.54 cm),
0.5-in. (1.27 cm), and 0.25-in. (0.635 cm) inverted rut plates of approximately 40 ft (12.19 m),
three MLS measurements along each plate were compared with the known height. Figure 23
displays the reflection data and cross-section for the 1-in. (2.54 cm) rut plates. The rut plates are
easily visible in the cross-section view. Table 18 shows the MLS measurements of the rut plates.
To develop the measurements in Table 18, 3-in. (7.62 cm) transverse spacing was used in
processing. Each measurement dot in Figure 23 is spaced 3-in. (7.62 cm) apart.

A=34275 .
P51=A1.49 1-in (2.54 cm)
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Figure 23. 1-in. (2.54 cm) Rut Plate Display.
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Table 18. MLS Rut Height Measurement Comparison.

3-in. (7.62 cm) Rut Plate Measurements

MLS Measurements (in.) Difference (in.) (Actual — MLS)
Location No. Left Plate Middle Right Plate LeftPlate ~ Middle Right Plate
Plate Plate
1 3.11 291 3.15 -0.11 0.09 —-0.15
2 2.95 2.83 3.07 0.05 0.17 —0.07
3 2.95 3.07 2.87 0.05 —0.07 0.13
1-in. (2.54 cm) Rut Plate Measurements
MLS Measurements (in.) Difference (in.) (Actual — MLS)
Location No. Left Plate Middle Right Plate Left Plate  Middle Right Plate
Plate Plate
1 0.98 0.98 1.02 0.02 0.02 —0.02
2 0.94 1.02 1.18 0.06 —0.02 —0.18
3 0.87 0.98 1.06 0.13 0.02 —0.06
0.5-in. (1.27 cm) Rut Plate Measurements
MLS Measurements (in.) Difference (in.) (Actual — MLS)
Location No. Left Plate Middle Right Plate Left Plate  Middle Right Plate
Plate Plate
1 0.55 0.51 0.79 —0.05 —0.01 —0.29
2 0.67 0.47 0.63 -0.17 0.03 —-0.13
3 0.59 0.51 0.47 —0.09 —0.01 0.03
0.25-in. (0.635 cm) Rut Plate Measurements
MLS Measurements (in.) Difference (in.) (Actual — MLS)
Location No. Left Plate Middle Right Plate LeftPlate  Middle Right Plate
Plate Plate
1 0.20 0.24 0.20 0.05 0.01 0.05
2 0.12 0.20 0.28 0.13 0.05 —0.03
3 0.16 0.20 0.31 0.09 0.05 —0.06

MLS-Processed Area Delineation

The inverted rut track was also used to validate the MLS’s ability to capture areas along a
pavement surface. The need to delineate an area on a pavement surface ties into the need to
identify drainage areas for various hydraulic analyses. The inverted rut track provides easily
discernable areas, with the rut plates serving as dividing lines. Area accuracy was analyzed by
directly driving over the rut track and by driving adjacent to the rut track. This methodology is
similar to the methodology used to evaluate cross-slope in both the data collection lane and
adjacent lane. The goal is to determine the accuracy for both lanes and develop an understanding
of the confidence in the data as the target surface moves away from the laser source.
TopoToolbox in Matlab was used outside of the MLS post-processing software to assist in the
identification of areas (25). Figure 24 displays the TopoToolbox output for the 1-in. (2.54 cm)
rut track section. The x-axis in Figure 24 represents the horizontal distance from the laser source.
The middle inverted track coincides with the zero horizontal offset. All dimensions in Figure 24
are in Sl units. The y-axis represents the longitudinal distance or direction of travel for the data
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collection vehicle. The z-axis represents the elevation, ranging approximately 14 in. (0.35 m) for
the plot. The three rut plates are easily identifiable in Figure 24. Grass growth creates the
elevation spike on the right side at the end of the rut track. The screenshot in Figure 25 displays
this elevation.

Grass causing
elevation spike in
Figure 14.

Figure 25. Screenshot of 1-in. (2.54 cm) Rut Track Area.

Further processing of the data using 1-ft (3.05 m) x 1-ft (3.05 m) grids also delineated the areas
on the pavement when processing the data collected directly over the rut tracks and to the side of
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the rut tracks. Figure 26 displays the 1-in. (2.54 cm) rut plates generated from the gridded data
collected directly over the plates, while Figure 27 displays the same area but in the opposite
direction as if collecting from the adjacent travel lane.

Figure 26. Pavement Area Delineation Using 1-ft x 1-ft Grids and Direct Data Collection.

Figure 27. Pavement Area Delineation Using 1-ft x 1-ft Grids and Adjacent Data
Collection.
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MLS Accuracy Summary

The MLS used in this study accurately measures length and provides post-processed length data
to within 0.15 percent of the actual length and often provides length measurements to within
0.10 percent of the actual length. The dynamic nature of MLS data collection implies that in
length measurements, as with any other piece of MLS data, there will be a processing decision
made that will deviate from actual conditions. Regardless of this, the MLS in this study provided
a high degree of accuracy as it relates to length measurements.

The MLS accuracy of the cross-slope in the data collection lane is typically between 0.05 percent
and 0.10 percent. Cross-slope accuracy in lanes adjacent to the data collection lane remains near
the accuracy seen in the data collection lane. As data processing moves into a gridded analysis,
some accuracy can be lost. This accuracy loss is marginal; 1-ft (0.305 m) x 1-ft (0.305 m)
gridded data yielded an adjacent lane cross-slope accuracy of within 0.20 percent and often
remained within 0.10 percent. Cross-slope repeatability also performed well in accuracy, and the
ability of the MLS to measure the same cross-slope when collecting from different was accurate
to within 0.20 percent.

Ditch offsets can be identified almost 100 percent of the time. When using 3-ft (0.9144 m) x 3-ft
(0.9144 m) gridded data, the comparison between MLS-processed ditch offsets and actual
measured offsets resulted in MLS offsets always falling within a 3-ft (0.9144 m) window on both
the right and left roadside. Ditch depths are also accurately measured, but roadside vegetation
will indicate a shallower ditch than actually exists. Roadside vegetation also results in roadside
slopes that are flatter in MLS data than in reality. Although the roadside slopes are slightly
flatter, they are often within 0.5H:1V accuracy along the right roadside. The left roadside is more
variable, and if a detailed evaluation of both roadsides is required, it is recommended that data
are collected in both directions.

The MLS used in this study measured rut depth to within 0.10-in. (0.254 cm) and often measured
rut depth to within 0.05-in. (0.127 cm). The MLS, aided by post-processing tools, can identify
and delineate various areas along the pavement surface.
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DEVELOPMENT OF SURFACE DRAINAGE RATING

Based on the results from the accuracy analysis, LIDAR data within the data collection lane and
lanes adjacent to the data collection are processed into 1-ft x 1-ft grids. This grid spacing avoids
any interpolation between data points and provides multiple points within the grid from which to
choose. Because water always flows downbhill, researchers use the minimum elevation from each
grid for analysis. For the roadside analysis, 3-ft x 3-ft grids are used. When the data collection
lane is adjacent to the right roadside, little to no interpolation is required between data points. For
the left roadside, the distance from the laser will cause gaps in the data where interpolation is
required to generate output. As will be shown later in the report, researchers decided to apply the
rating only to the roadside adjacent to the data collection lane.

The nature of mobile LiDAR leads to the creation of large data sets complete with measurements
from the laser source to the target surface and the reflectivity of the target surface. Off-the-shelf
post-processing software readily converts straight-line distances into X, y, and z data sets. The X,
y, and z data sets consist of longitudinal location in the direction of travel, horizontal offset from
the laser source, and elevation of the target surface. While the mobile LIiDAR unit is equipped
with a high-end GPS, the accuracy remains approximately +1 m (x3 ft). For this reason,
measurements and analysis are conducted in relative terms. The location established at the
beginning of data collection serves as an initiation point and all measurements remain relative to
the coordinates used upon initiation. Therefore, asset measurements used to develop ratings and
provide information are accurate, but the ability to transfer these measurements to a precise point
in space has equipment-based limitations. For example, a measured ditch depth of 2 ft is an
accurate measurement, but the actual real-world elevation of the flowline at 585 ft above sea
level is only accurate to within £3 ft. Because relative measurements can be used to analyze
roadway features, GPS limitations have no impact on the network-level application within this
project.

Surface geometry within the ROW line consists of a number of elements (or assets) that have a
safety and drainage nature. This paradox requires a balancing act during design, where drainage
efficacy must often be sacrificed to create a geometrically safe cross-section. For example, along
a tangent portion of roadway, a 6 percent cross-slope would efficiently move the water off of the
travel lane quickly, but a cross-slope with this steepness presents a number of safety-related
issues. The same is true along the roadside. Steep front slopes are hydraulically desirable, but
front slopes steeper than 3H:1V are unacceptable unless protected. With the ability to measure
surfaces, mobile LIiDAR provides a tool to analyze a section’s design compliance and evaluate
drainage performance. Because design compliance must be considered for geometric features, an
effective section from a drainage perspective might receive a rating deduction because of design
incompliance. For example, a front slope of 2H:1V might provide reasonable drainage, but
because it violates design standards, the section will receive a lower rating.

53



While mobile LiDAR can provide measurements in both directions of travel, ratings were
developed only for the direction of travel. This ensures accuracy for roadside ratings with little to
no interpolation required between LIDAR measurements and provides the most precise
measurement of surface drainage basins along the traveled way. Additionally, rating in a single
direction provides a consistent approach to rate the same direction year after year to begin to
generate temporal data associated with surface drainage ratings. Researchers used data collected
with mobile LIDAR to rate:

e Traveled way width.

e Travel lane cross-slope.
e Hydroplaning potential.
e Front slope steepness.

e Ditch depth.

e Ditch flowline steepness.

Additionally, the rating provides a horizontal alignment descriptor for the roadway and
determines if the roadway surface section is in shape. The roadside in the direction of travel is
also provided a descriptor based on the majority of the geometry along the roadside. When the
section contains more than 50 percent ditch, the roadside is described as primarily ditch, but if
the section consists primarily of a front slope, the descriptor captures this instead. Each of these
elements is discussed in more detail below.

TRAVELED WAY WIDTH

The traveled way along a roadway consists of a lane and shoulder. The traveled way width is the
only element measured not using gridded data. Within this study, mobile LiDAR reflectivity data
were used to determine the location of pavement striping and the interface between pavement
and roadside vegetation. Researchers use this interface to perform specific analysis of either the
roadway or roadside. The reflectivity data generated by the mobile LIiDAR unit are stored in a
table that includes the straight-line distance to the target surface. This table is unprocessed in the
sense that the data have not been placed in a grid. Each string of data generated by the mobile
LiDAR unit is available within this table. Each reflectivity and measurement relate to an angle,
referred to as a throughout the report. The a angle represents the angle in relation to the horizon
projected to the right of the data collection vehicle. Predetermined a-based search windows are
included in the algorithm to find changes in the reflectivity data that would indicate a material
surface change. The pseudocode, located in the Appendix, provides the rules used in the
algorithms. The pseudocode for locating the right edge stripe is listed below:

e Evaluate each transverse string of data within the data collection section.
e For25°<a<75%
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0 If225 <R <254 output a, distance, and “Stripe Found” for the transverse string
being analyzed:
= Elseif R is never between 225 and 254, output “No Stripe.”
o If “Stripe Found” frequency < 35 percent of all transverse strings, output “No
Stripe in this Section.”
0 If “Stripe Found” frequency > 35 percent:
* Find five most common a values (axs, 0, 0M, 0L, 0UXL):
o IfaxL— oxs<9.5° (increased to five most common and 9.5° to
account for up to 2 ft wander in the striping):

0 And X axs, as, am, oL, axL > 35 percent of “Stripe Found”
count, calculate the associated average a and distance. Use
the average values to calculate an offset to the right edge
stripe, XRs.

0 Xgs is calculated using the following geometry:

= If0<90°, Xrs = Distance*sin(90°-a.).
» For the right side, o will always be less than 90°.
o Output, “Right Edge Stripe at Xrs distance.”
= Elseif, “Stripe Found” frequency > 35 percent, but the other conditions are
not met, output “Error.”

Researchers developed the lane width rating using TxDOT’s Roadway Design manual. Design
lane widths are based on daily traffic, roadway functional classification, and the extent of the
planned project. 4R design requirements are the most robust and include new location and
reconstruction projects. The lane widths within 4R requirements are further delineated based on
functional class, daily traffic, and posted speed. 3R projects include rehabilitation and require
less extensive design elements.

While 4R design standards represent the ideal, 3R standards provide guidance on what is
acceptable for the existing system. For rating purposes, the ideal represents a perfect score, and
the acceptable represents a passing score. For traveled lane width, a section receives a perfect
rating if it complies with 4R collector requirements at 60 mph. The section receives a 30 percent
deduction if it complies with 3R requirements. Further graduated deductions are made to
transition the rating curves to zero for different traffic levels. Table 19 shows the derived
deductions from the design guidelines, followed by the graphical presentation of the rating
curves for a rural roadway in Figure 28.
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Table 19. Rural Roadway Lane Width Rating.

< 400 ADT 400 -1500 ADT > 1500 ADT
Rating Lane Shid. Tot. Lane Shid. Tot. Lane Shid. Tot.
Width Width Width Width Width Width Width Width Width

(ft) (ft) () () (fv) () (ft) (ft) ()

1.0 11 2 13 11 4 15 12 8 20
0.7 10 0 10 11 1 12 11 3 14
0.5 9.5 0 9.5 10 0 10 11 1 12
0.0 9 0 9 9.5 0 9.5 10 0 10

s a4
g 74

<400 ADT

o 1]
I I ——1400-1500 ADT
[
[

>1500 ADT

8 10 12 14 16 18 20 22
One Direction Traveled Way Width (ft)

Figure 28. Rural Roadway Deduction Curves for Traveled Way Width.

TRAVEL LANE CROSS-SLOPE

The cross-slope along the roadway changes as tangent sections transition into horizontal curves.
The inclusion of an inertial measurement unit (IMU) in the mobile LiDAR package provides a
piece of equipment that maintains an accurate measurement of the vehicle heading. Chunking the
data into 0.1-mile increments allows researchers to evaluate the vehicle azimuth at the beginning
and ending of the section to determine the presence of horizontal curves. Researchers used Table
2-4 within TXxDOT’s Roadway Design manual to determine the potential change in azimuth
bearing when superelevation becomes required. Table 2-4 provides the minimum curve radius to
maintain a 2 percent crown. Figure 29 displays horizontal curve geometry and a horizontal curve
equation. Using a known length of 528 ft for L and minimum radius to maintain a crown at a
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given speed, the allowable azimuth difference, I, is calculated. Speeds and minimum radii are
shown in Table 20, along with calculated azimuth difference within the data collection section.
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Figure 29. Horizontal Curve Geometry.
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Table 20. Azimuth Difference within 0.1-mi Data Collection Section.

) 6% Superelevation 8% Superelevation
Design
Speed  Min. Radius  AzimuthAin  Min. Radius ~ Azimuth A in
(ft) 528 ft (ft) 528 ft
45 6,480 4.67 6,710 451
50 7,870 3.84 8,150 3.71
55 9,410 3.21 9,720 3.11
60 11,100 2.73 11,500 2.63
65 12,600 2.40 12,900 2.35
70 14,100 2.15 14,500 2.09
75 15,700 1.93 16,100 1.88
80 17,400 1.74 17,800 1.70

Using the IMU azimuth information, researchers classify a data collection section as either
tangent, right curve, or left curve. However, just because the bearing of the roadway indicates a
particular geometrical behavior, the cross-sections within the data collection section do not
always adhere to the expected behavior. For tangent sections, it is typically expected that the
highpoint on the paved surface falls near the centerline, while curved sections have highpoints
offset toward the EOP. When this does not occur, the section is determined to be out of shape
and cannot be rated.

Tangent Section Cross-Slope Rating

The equipment accuracy of £0.15 percent for cross-slopes must be taken into account in the
rating scheme. Design standards recommend different maximum cross-slopes for tangent
sections depending on regional rainfall. For wet weather regions, the recommended tangent
cross-slope is 2 percent with up to 2.5 percent considered acceptable. In dry regions, the
recommended tangent cross-slope is 1.5 percent with 2 percent considered acceptable.

Researchers use 1-ft x 1-ft grids for cross-slope analysis. For a 0.1-mile data collection section,
up to 528 cross-sections are available. However, rarely will 100 percent of cross-sections be
analyzed. Some cross-sections are lost due to physical obstructions, while others are removed
from analysis because of noisy data. Within the study, a 50 percent threshold was set. To analyze
the pavement within a data collection section, 264 cross-sections must be available for analysis,
otherwise the section is classified as out of shape. Using recommended design cross-slopes and
accounting for measurement error in the equipment, the rating curves in Figure 30 were used to
rate each cross-section that meets the highpoint criteria. Researchers developed stepwise curves
for both wet and dry regions. Stepwise curves are required because of the error window that must
be accounted for when making deductions. For example, because equipment accuracy is

+0.15 percent, within a wet region a cross-slope can be measured between 1.85 percent and

2.65 percent and receive no deduction because it lies between 2 percent and 2.5 percent
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+0.15 percent. The stepwise curves allow drier climates to maintain flatter cross-slopes. Despite
the fact that this is not as beneficial for drainage, the curves are built to comply with design
requirements that were established with safety and drainage in mind.
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Figure 30. Tangent Rating Curves.

The rating is applied to each cross-section that is available for analysis rather than calculating an
average cross-slope for the 0.1-mile data collection section and then applying the rating. This
helps ensure that averaging the cross-slopes does not cover a poor cross-section that should
impact the section’s rating. For example, the average cross-slope within a section can be

2.2 percent, indicating no deduction if the rating was only applied to the average cross-slope.
However, if within the section there was a very flat cross-section of 0.8, that particular cross-
section would receive a rating of 0.6 (i.e., a 40 percent deduction) that would then prevent the
section from receiving a perfect rating. In summary, each cross-section receives a numerical
value between zero and one. These values are summed and divided by the available number of
cross-sections to attach a paved cross-slope score to each lane. The follow equation displays this
calculation:

™

Ry

= Section Rating Q)

= |

Where,

R, = the rating between 0 and 1 of cross-section k.

J = the available number of cross-sections to analyze (min. 264).

Section Rating = the percentage rating between 0 and 100 that defines the cross-slope
compliance for a data collection section.
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During the application of the method to roadways with poor ride quality and a history of
pavement distress, researchers found that the highpoint did not match the expected location
based on the IMU bearing. Sections such as these are by definition, out of shape. From an
alignment perspective, the section can be defined, but the cross-slope cannot be calculated
because the highpoint does not comply with either a tangent or curve definition. These sections
are given a rating of 0.0, with the descriptor out of shape. From a drainage perspective, out of
shape does not necessarily mean poor drainage, but the conclusion is made based on design
criteria.

Horizontal Curve Section Rating

While the amount of superelevation within a curve is a design element, the radius of the curve
serves as the controlling design variable. Initially, researchers use the IMU alignment data to
determine if a curve is present on the roadway. If curves are detected, the shape of the section is
reviewed to determine if the highpoint fits the requirement of a horizontal curve. For sections
meeting the shape requirement, the rating continues, and a cross-slope rating of 0.0 is applied for
those sections out of shape.

For sections in shape, researchers calculate the average superelevations for sections completely
within a curve. Using this superelevation, researchers calculate the as-built or existing required
curve radius. This calculation follows the traditional superelevation equation shown below:

VZ

€+f: 15R

(2
Where,

e = superelevation rate, in decimal format.
f =side friction factor.

V' = vehicle speed, mph.

R = curve radius, feet.

Researchers calculate the superelevation rate using the 1-ft x 1-ft gridded data. The side friction
factor is taken from the AASHTO Green Book and is recreated in Table 21. Using information
based on posted speed rather than design speed, the required radius is calculated and can be
compared with the actual field radius for rating purpose. Researchers calculate the field radius
using sections completely contained within a curve based on the IMU alignment. Using the
known arc length of the curve and the change in IMU bearing, the curve radius can be
determined using the following horizontal curve equation:
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L= 2nR (=) (3)

360°

Where,

L = arc length of curve.
R = curve radius.
I = Difference in curve bearing from start point to end point.

Table 21. AASHTO Side Friction Factors for Horizontal Curves.

Design Speed (mph) Max Side Friction factor, f

45 0.15
50 0.14
55 0.13
60 0.12
65 0.11
70 0.10
75 0.09
80 0.08

To rate horizontal curves, researchers use the posted speed limit and guidance from the Texas
Manual on Uniform Traffic Control Devices (TMUTCD) on sign requirements when the curves
must be navigated at a speed lower than the posted speed limit. A horizontal curve receives a
perfect rating when the existing radius exceeds the radius required with the existing
superelevation and a side friction factor of 0.08, or the minimum side friction factor allowable in
the AASHTO Green Book. A rating of 0.9 or higher is applied when the existing radius is as
long as or exceeds the radius required at the existing superelevation and the side friction factor
associated with the posted speed limit. From this point, deductions are made based on the
difference in navigable speed with posted speed using the side friction factor for the posted speed
limit. Researchers use the deduction curve in Figure 31 to make these calculations. Deductions
are based on the posted speed limit, and while the rating will penalize curves based on radius
length and superelevation, TXDOT has various measures to address horizontal issues arising
from alignment constraints. One of the ways to address these issues is through sign and chevron
placement based on guidance in the TMUTCD. The zones shown in Figure 31 have related
TMUTCD guidance as described below:

e Zone 1: No signs required, curve is very gentle and can easily be navigated at the posted
speed limit.

e Zone 2: No signs required, curve can be navigated at the posted speed limit.

e Zone 3: Both a curve sign and advisory speed plaque for 5 mph lower than the posted
speed limit are recommended.

e Zone 4: A curve sign, an advisory speed plaque for 15 mph lower than the posted speed
limit, and chevrons are required.
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e Zone 5: A curve sign, an advisory speed plaque for 25 mph lower than the posted speed
limit, and chevrons are required.

e Zone 6: These curves should be avoided and represent locations where TxDOT might
consider alignment changes.

@/ Radius equals reqd.
0.9 = length for posted speed
Radius equals reqd. at posted fiction

0.8 | length for posted speed

—
at min fiction < 3 ’ \ Radius equals reqd.

length for posted speed -

0.7 /\ 15 mph at posted fiction
Radius equals reqd.

0.6 length for posted speed - /-\\4, -
Smph at posted fiction \ /

0.5 ‘

0.4 \

0.3 m\s /

Radius equals reqd.
0.2 length for posted speed -

25 mph at posted fiction \ \
0.1
~N\ O
0 -

Radius Comparison

Horizontal Curve Rating

Figure 31. Horizontal Curve Rating Curve.

Based on the zones described above, a curve can reside in Zone 3 and have a rating between 0.7
and 0.9. This rating indicates to the maintenance supervisor or area engineer that this curve
cannot be safely navigated at the posted speed limit. However, signage can be placed to mitigate
this risk that complies with the TMUTCD. Therefore, while the rating might be below 1.0,
measures can be in place that are appropriate for the roadway. Therefore, the curve rating should
be considered informative and not necessarily punitive.

Additionally, the location of the highpoint is used to determine when adjacent sections are within
curve transitions rather than being classified as out of shape. When a section longitudinally
resides between a curve and a tangent (or vice versa), it can be classified as a curve transition
and receives a rating that is equally weighted between the tangent rating and the curve rating.
Rating horizontal curves follows the steps listed in the flowchart in Figure 32.
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HYDROPLANING POTENTIAL

Hydroplaning potential is a function of surface geometry (i.e., cross-slope, longitudinal grade,

and pavement width), surface texture, rainfall intensity, vehicle characteristics, and vehicle

speed. Surface geometry and surface texture are the only variables within the control of TXDOT.

Surface geometry is particularly applicable to this study because mobile LiDAR allows
researchers to measure hydraulically important areas on the pavement surface. Nonetheless,

previous research helps to calculate HPS while accounting for elements within and not within the
control of TXDOT. Producing an HPS helps engineers understand how hydroplaning potential
relates to the posted speed limit. Each of the hydroplaning elements listed above are discussed

within, moving from the later to the former.

Vehicle Speed

Vehicle speed at the time of hydroplaning is of great interest to engineers. Ideally, the HPS will
occur close to or higher than the posted speed limit. Two models are considered for computing
HPS. One was developed in the 1970s by Gallaway, and a more recent one was developed by
Ong and Fwa using finite element methods (27, 28). These two models are presented with the

calculation of WFT determined using LiDAR data.

Gallaway’s formula is:

HPS = SD*%*PX3(TD + 1)°%64

Where,

HPS = hydroplaning speed (mph).
SD = spindown (fixed at 0.10).

P, = tire pressure (psi).

TD = tire tread depth (in 32" inch).
A is the greater of:

10.409

S +3.507
28.952 014
O —7.817| MTD

Where,
WFT = water film thickness (in.).
MTD = mean texture depth of pavement surface (in.).
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Ong and Fwa’s formula is:

0.82
WFT9.06

HPS = WL°2P?S ( +0.49) 7
Where,

HPS = hydroplaning speed (kph).

WL = wheel load (N).

P, = tire pressure (kPa).

WFT = water film thickness (mm).

Ultimately, a Monte Carlo simulation is performed using the daily traffic as the number of
iterations to predict an HPS for each data collection section. A Monte Carlo simulation is used
because varying vehicle characteristics are included within the HPS calculations. The Monte
Carlo simulation assumes vehicle characteristics are normally distributed around a mean value.

Vehicle Characteristics

As shown in the previous section, the calculation of HPS requires assumptions on vehicle
characteristics. Within the Gallaway equation, tire pressure and tread depth are required. Within
the finite element method (FEM) equation, tire pressure and wheel load are required. To perform
a Monte Carlo simulation, researchers selected mean values and standard deviations for each
vehicle characteristic.

For tire tread depth, 7/32 in. was selected as the mean value, with 2.4/32 in. selected as the
standard deviation. Typical new tires have approximately 11/32-in. tread depth and 2/32-in. tread
depth is typically considered the legal limit of tire wear (46). The average of these two values is
6.5/32, but was rounded up to 7/32 in. for this project. With a standard deviation of 2.4/32 in.,
the 95 percent range used in the Monte Carlo simulation is between 3/32 in. and 11/32 in., where
11/32 in. is established as the maximum.

Researchers selected a mean tire pressure of 35 psi with a standard deviation of 7 psi. Typical
passenger vehicle tire pressures range from 30 psi to 35 psi (47). Within the Monte Carlo
simulation, a normal tire pressure distribution using these values simulates 95 percent of vehicles
with a tire pressure between 21 psi and 49 psi.

Texas has an eclectic group of vehicles that use its roadways. A compact car such as a Toyota
Corolla weighs approximately 2850 Ib, and a larger sedan such as a Toyota Camry weighs
approximately 3400 Ib. In Texas, many users drive trucks and SUVs. A Chevrolet Tahoe weighs
approximately 5500 Ib, and a Ford F-150 pick-up weighs approximately 4600 Ib. The average of
these numbers is 4100 Ib. To account for the larger-size vehicle use in Texas, researchers
selected a mean vehicle weight of 4400 Ib with a standard deviation of 950 Ib. Within the
simulation, 95 percent of vehicles will weigh between 2500 Ib and 6300 Ib.
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Using the roadway daily traffic as the iteration number, normally distributed random values are
generated for the aforementioned vehicle characteristics. This helps in creating a realistic
estimate of HPS.

Rainfall Intensity

TxDOT’s Hydraulic Design manual includes a table in Chapter 4 that details the appropriate
storm to use for design calculations. For freeways and principle arterials, the 50-year storm
serves as the design standard (42). Moving forward, intensities associated with the 50-year event
are used for analysis. Hydroplaning potential is at its highest when the WFT is deepest. This
situation will occur during a short-duration, heavy rain event when the entire drainage area
contributes to the critical point. Within this study, the critical point for hydroplaning is the wheel
path with the largest drainage area and therefore the largest accumulation of water.

The shortest storm period provided in the work done by USGS for Texas is 15 minutes. Within
the HPS calculations, the 15-minute, 50-year storm intensity is used. This value is taken from the
depth-duration maps within the USGS work (48). The use of a 15-minute storm implies the time
of concentration within the drainage area will not exceed 15 minutes. This implication exists
because the hydraulic calculations for hydroplaning assume that the entire drainage area
contributes water to the critical location at the same time. A check exists within the proof of
concept code to ensure the time of concentration does not exceed 15 minutes. For the districts
within this study, the following 50-year, 15-minute rainfall intensities were used:

e Atlanta District = 7.6 in./hr.
e Bryan District = 8.4 in./hr.

e Corpus Christi = 8.0 in./hr.

e Houston District = 8.0 in./hr.
e Tyler District = 8.0 in./hr.

Surface Texture

For hydroplaning potential calculations generated for this study, the pavement surface type was
noted during data collection, and mean surface texture depths (MTDs) for various surface types
were taken from literature. The ability to detect surface texture with mobile LiDAR remains in
development and requires advancements in technology. Average MTD values were developed
based on a thorough 41-pavement study performed by Gallaway and Rose in 1970 (49). That
study provided multiple data points for seal-coated surfaces, dense-graded hot-mix surfaces,
concrete surfaces, and flushed seal-coated surfaces. Researchers interpolated between a seal-
coated surface and a flushed seal-coated surface to establish an MTD for partially flushed
surfaces. When a surface is known to be an asphaltic surface, but it is not clear exactly what type
of surface (e.g., a limestone rock asphalt overlay patch), the MTD is set to slightly shallower
than a dense-graded surface. These values, along with Manning’s n values from TxDOT’s
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Hydraulic Design Guide and abbreviations used in the pseudocode are shown in Table 22 (42,
49).

Table 22. Surface Type Hydroplaning Variables.

Surface . TxDOT’s
Surface Type Abbreviation MTD (in.) Manning’s n
Concrete CONC 0.023 0.015
Dense Graded Mix HMA 0.024 0.013
Open Graded Mix 0GC 0.15 0.02
Seal Coat ST 0.055 0.016
Partially Flushed Seal Coat PEST 0.03 0.012
Flushed Seal Coat FST 0.004 0.01
Unknown Asphaltic Surface ASPH 0.02 0.013

Surface Geometry

TxDOT has the ability to control the surface texture and surface geometry of a roadway section.
Historically, hydroplaning models use design profile grades and design cross-slopes to determine
hydroplaning susceptibility. The use of as-built conditions in a hydroplaning analysis has not
previously been plausible because of the lack of data. With mobile LIDAR, dense data sets are
created that contain elevations associated to specific longitudinal and horizontal coordinates.
Converting these data into a gridded format assists in further hydraulic analysis. Using 1-ft x 1-ft
gridded data of the paved surface and Matlab’s TopoToolbox (25, 26), drainage basins along the
paved surface within a data collection section can be delineated. Researchers calculate WFT
using the surface area characteristics of the LIDAR-generated drainage basins combined with the
Rational Method and Manning’s equation.

Hydroplaning Speed Calculation

Researchers chose the Rational Method as the foundational formula to calculate HPS because of
its historical use for small drainage areas (40). Inputting the area generated from LiDAR data
into the Rational Method allows researchers to calculate peak discharge. Using the peak
discharge as an input into Manning’s equation and using the assumption that for overland sheet
flow the hydraulic radius equals the flow depth, calculations can continue to solve for water
depth. The kinematic wave equation can be derived by combining the Rational Method and
Manning’s equation with the hydraulic radius equal to water depth. The kinematic wave equation
has commonly been used for overland flow calculations, including water depth on pavements
(31, 34, 40).

Manning’s n represents the hydraulic roughness of a specific surface and must be determined
through lab or field experiments. Vast amounts of work have been done on Manning’s n
determination. Researchers use TXxDOT’s published values, shown in Table 22, and the
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calculation developed during PAVDRN model work. The PAVDRN model work relies on the
Reynold’s number calculation (31). Figure 33 is a flow chart of the HPS analysis. Figure 33 is
followed by the equations used to calculate water depth on the surface.

Extract Draina ge Basins from
I ftx 1 ftLiDAR Data
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Figure 33. Hydroplaning Calculation Flow Chart.

Calculating the peak discharge using the Rational Method:

Q=CIA (8)

Where,

Q = peak discharge (ft%/s).

C = runoff coefficient, assumed to be 1.0 for all non-permeable pavements.
A = drainage basin area (acres).

I = rainfall intensity (in./hr)

Converting peak discharge to an average unit discharge requires dividing the previously
calculated Q by the average width of the drainage basin as defined using LiDAR data. To capture
the hydraulic resistance of surfaces, the PAVDRN approach was used by first calculating
Reynold’s number with the following equation:

Np = % C))

Where,
Nr = Reynold’s number.
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g = unit discharge (ft3/s/ft).
v = kinematic viscosity of water (ft?/s).

Calculations continue using the continuity equation and Manning’s formula to ultimately
calculate water depth. Surface texture is subtracted from water depth to determine WFT, the
primary input into HPS formulas. The calculation of water depth proceeds in the following
fashion:

Continuity Equation: Q = AV = wdV (10)

Where,

Q = peak discharge (ft%/s).

A = cross-sectional area of flow (ft?).
V' = water velocity (ft/s).

w = width of flow (ft).

d = water depth (ft).

Manning’s Equation: V = 1'n£R2/381/2 = 1'n£d2/351/2 (11)
Where,

V' = water velocity (ft/s).

n = Manning’s roughness number, taken from the PAVDRN approach.

R = hydraulic radius, which equals the depth of flow, d, when the depth is small compared with
the width.

S = slope of drainage basin, calculated from LiDAR data.

The calculation of water depth is completed using the following equations.

c=q=av="2d%s" (12)
3
d = ( ""1/) > (13)
1.49S /2

The above calculations result in a water depth, not WFT. The WFT consists of water above the
pavement texture depth, thus the computation of WFT requires subtracting the MTD from the
water depth found using the above equations. The WFT and MTD feed the HPS calculations
described in the Vehicle Speed portion of this section.

Hydroplaning Speed Calculation Conclusion

Using mobile LiDAR data, researchers were able to extract drainage basins along the paved
surface. With knowledge of the dimensions associated with the drainage basins, researchers were
able to apply commonly used hydraulic equations to calculate water depth. These equations
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require assumptions about pavement texture. Two models were used for HPS calculations. Each
of these models traditionally used design parameters to calculate HPS, but in this study
researchers extracted as-built geometry from LIDAR scans. A Monte Carlo simulation, using
daily traffic as the number of iterations and typical values for tire pressure, tread depth, and
vehicle weight, produced an HPS for each data collection section.

Researchers developed a deductions scheme for hydroplaning potential by comparing the
calculated HPSs to the posted speed limit. Previous work has found that during rain events,
motorists will slow below the speed limit by 3 mph to 6 mph, but the primary cause of slowing is
visibility, not hydroplaning risk (32). In other words, motorists expect the roadway to function in
a way that hydroplaning is not likely. The 50-year, 15-minute storm event used in the
calculations would generate enough rain that visibility would be impacted, so prudent motorists
will likely reduce their speed by approximately 5 mph. This threshold is used to develop a tiered
deduction curve, as shown in Figure 34.

0.9
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Figure 34. HPS Deduction Curve.

Figure 34 shows that if the calculated HPS is within 5 mph of the posted speed limit, no
deduction is made to the section. For up to a 20-mph speed differential from the HPS and posted
speed limit, the deduction occurs in 10 percent increments for each 5-mph difference. Therefore,
if the posted speed limit is 70 mph and the HPS is calculated as 52 mph, the section will receive
a hydroplaning potential rating of 0.7. Beyond this point, the deductions occur on 25 percent
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increments for each 5-mph change. Ultimately, if the speed differential exceeds 30 mph, the
section receives a 0.0 rating for hydroplaning potential.

This methodology was selected over a smooth curve because of the expected distribution
associated with HPS. The HPS calculations rely on vehicle characteristic assumptions and a
Monte Carlo simulation. In reality, hydroplaning occurs because of a series of unfortunate
events. The drainage area is the only measured value within the calculation and, for the purposes
of surface drainage, is the primary element within control of the managing agency. Water depth
is the primary output from calculations using LiDAR-processed drainage area data. Water depth
is not used as the primary rating element because it is difficult for engineers to visualize if a
particular water depth is problematic. On the other hand, comparing a speed at which
hydroplaning might occur to the posted speed limit helps in understanding the susceptibility in
the field.

FRONT SLOPE STEEPNESS

The front slope represents the first element encountered along the roadside. Vegetation along the
roadside creates a surface for the laser to encounter. To mitigate the impact of vegetation, data
were collected within a couple of weeks of TXDOT’s summer mowing cycle. TXDOT’s
specifications require the roadside to be mowed to a height of 5 in. to 7 in. Minimizing the time
between data collection and the mowing cycle produces data on a uniformly mowed roadside
where a reasonable assumption can be made about grass height.

A front slope is categorized in one of three ways: recoverable, non-recoverable, or critical. A
recoverable front slope has a slope of 1V:4H or flatter. A non-recoverable front slope is
traversable, but not recoverable. Slopes between 1V:3H and 1V:4H are often considered non-
recoverable. Front slopes steeper than 1V:3H are considered critical because of the probability
that a vehicle could overturn (50). The TXDOT Roadway Design Manual notes that about 1/3 of
all highway fatalities are associated with single-vehicle, run-off-the-road accidents. TXDOT’s
desirable front slope is 1V:6H (51). The AASHTO Roadside Design guide indicates a 1V:4H
front slope is desired, but 1V:3H is acceptable. When a 1V:3H is required, a vehicle will likely
reach the bottom of the front slope before it is able to stop, and the vehicle will not likely be able
to return to the pavement (50).

As discussed earlier in Transverse Spacing within a Cross-Section, the roadside should be
analyzed using a 3-ft x 3-ft grid. Within a 0.1-mi data collection section, 176 cross-sections are
produced. The roadside often consists of multiple elements, such as vegetated slopes, driveways,
and turn-outs, but each of these elements should comply with front slope design requirements.
Therefore, researchers calculate front slope steepness for each of the 176 cross-sections. Similar
to the paved cross-slope, a rating is also calculated for each cross-section, and then the ratings
are averaged to generate the section rating. This calculation can have a greater impact on the
overall rating for front slope steepness than for the paved cross-slope. While outliers exist on the
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paved cross-slope, for the most part a typical section exists having cross-slopes within a small
window of values. The roadside can have slopes that vary significantly within a data collection
section. For example, a 0.1-mi section might have slopes near 3H:1V, with two driveways built
up within the section. The driveways will likely be much flatter than 3H:1V and could influence
the overall average cross-slope to make the section appear to have a flatter roadside than in
reality. By capturing the many cross-sections that have a steeper front slope and accounting for
that element within the rating, the overall rating of the section reflects the steepness that exists.

Researchers rate each cross-section within a data collection section using the curve shown in
Figure 35. For sections flatter than 6H:1V, no deduction is made. Many districts specify a 6H:1V
front slope steepness as desired. A 10 percent linear deduction takes place from 6H:1V to
4H:1V. A 4H:1V or flatter slope is considered recoverable, so only a small deduction is applied
at 4H:1V. Another 20 percent deduction occurs from 4H:1V to 3H:1V as the slope transitions
from recoverable to non-recoverable. A front slope steepness of 3H:1V represents the steepest
front slope that meets design criteria and receives a rating of 0.7. A linear deduction from a
rating of 0.7 to 0.0 occurs between steepness values of 3H:1V and 2H:1V. Anything steeper than
2H:1V receives a rating of 0.0. Not only do slopes steeper than 2H:1V create safety issues, they
often cannot be constructed without a stabilization technique such as riprap (40).
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Figure 35. Front Slope Rating Curve.

Very flat front slopes can create drainage-related issues. However, researchers chose not to select
a too flat value to begin deductions. This decision was made not only to acknowledge the safety
element associated with flatter roadside but also to avoid double counting. Ditch depth is the next
element rated, and shallow ditches receive a poorer rating, essentially capturing very flat
roadside front slopes.
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DITCH DEPTH

As a design element, ditch depth often competes with front slope steepness. In narrow ROW
situations, deeper ditches often require steeper front slopes. For this reason, researchers attempt
to balance geometric elements from a design compliance and drainage perspective, a challenge
similar to the challenges faced by designers and network managers.

Each data collection section receives a descriptive label during analysis of either primarily front
slope or primarily ditch. Researchers establish these labels using the majority of cross-sections
within the data collection section. Regardless of whether or not a section is categorized as
primarily a front slope or primarily a ditch section, ditch depth is captured on any roadside
section that is identified as having a ditch. Therefore, sections that are classified as primarily
front slope still have a ditch depth rating to ensure problematic locations are identified.

Researchers discovered that the desirable ditch depth is under-researched. A recent study from
Nordic countries in Europe indicated that general practice was to have the bottom of the ditch at
least 8 in. below the bottom of the pavement structure (52). Occasionally, in plans, designers
include a typical ditch depth from the pavement surface. A common depth shown in plans is 2 ft,
similar to Figure 36, taken from 0151-01-051. TxDOT’s design manual recommends a ditch
depth at least 6 in. below the crown of the subgrade (51). lowa DOT uses a desirable ditch depth
from the pavement surface of 3 ft and an absolute minimum of 2 ft (53). New York recommends
a typical depth of 30 in. below the surface of the EOP (54). Illinois’ Bureau of Local Roads and
Streets recommends a 2 ft ditch depth with an absolute minimum of 1.5 ft (55).

The depth to the bottom of the pavement structure is critical, and mobile LiDAR provides
surface measurements. Depth of pavement structure varies from roadway to roadway. For
example, in Figure 36 the pavement structure includes a seal coat, 2 in. of TY D HMA, 4 in. of
TY B HMA, and 8 in. of flex base for a total depth of 14 in. plus a seal-coated surface.
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Figure 36. Ditch Depth Shown in Proposed Typical Section.
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Researchers originally developed a stepwise curve to rate the average ditch depth within a data
collection section. Through application of the system, researchers discovered that the stepwise
curve was too punitive. Adjustments were made to create a curve-based deduction system based
on desired ditch depth while accounting for potential noise in the data. One of the primary causes
of noise along the ROW is vegetation. Grass growth impedes the laser from reaching the actual
bottom of the ditch. Collecting data shortly after conclusion of a mowing cycle allows for the
assumption that the ditch bottom is between 5 in. and 7 in. lower than the LIDAR measurements.
This assumption is valid because of the specification associated with roadside mowing.
Researchers use 6 in. within the study. However, it is possible that in areas of thin vegetation or
if data are collected following the fall mowing cycle once the grass is dormant, the laser will
reach the ground. Therefore, the rating should account for the fact that a margin of error exists by
accounting for vegetation.

Based on field feedback and information similar to that shown in Figure 36, researchers
discovered that the minimum desired ditch depth ranged from between 1 ft and 2 ft below the
bottom of the pavement structure, or approximately 2 ft to 3 ft from the pavement surface. To
provide some latitude for grass growth on the roadside, researchers selected 3.5 ft as the depth to
receive a perfect rating. Ideally, enough ROW exists that deep ditches exist far from the EOP,
producing water surface flows significantly below the pavement structure while maintaining safe
front slopes. This feature creates the balancing mechanism between ditch depth and front slope
steepness. Researchers do not consider ditch offset in the rating because doing so would double
count its effect with the combination of ditch depth and front slope steepness. A maximum ditch
depth is not required within the rating because a too-deep ditch depth creates too steep of a front
slope and will be reflected in the rating. The rating uses the curve in Figure 37.
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Figure 37. Ditch Depth Rating Curve.
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DITCH FLOWLINE GRADE

Measuring the ditch flowline grade functions similarly to the HPS analysis except that rather
than calculating water depth, the flowline steepness within a drainage basin is of interest. Water
velocity within the channel impacts erosion or sedimentation potential. Water velocity is a
function of many variables, including channel geometry, channel slope, and water depth. Water
depth in a roadside ditch is a function of the size of the drainage basin using the ditch as a
conduit to a lower elevation. Often, the drainage basin includes large portions of property off of
ROW. These areas cannot be measured with mobile LiDAR. With the ability for mobile LIiDAR
to delineate roadside drainage basins and calculate a flowline grade for the drainage basin,
researchers relate flowline slope to potential water velocity.

Figure 38 shows the relationship between depth of water and water velocity. Figure 38 illustrates
that the deeper the water, the faster it flows. Figure 39 shows the relationship between front slope
geometry and water velocity. Reviewing the front slope geometry captures the impact of the
wetted perimeter. While some impact is revealed in Figure 39, the impact of front slope
geometry is much less than that of water depth. Figure 40 shows the relationship between
Manning’s n and water velocity. As Manning’s n goes down, water velocity increases, but the
magnitude of the velocity impact is much less than the contribution of water depth.
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Figure 38. Depth of Water Effect on Water Velocity.
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Figure 40. Manning’s n Effect on Water Velocity.

Regardless of the variable in question, each curve begins to rapidly descend toward zero velocity
near a flowline slope of 0.3 percent. Based on this, researchers selected 0.3 percent as the
absolute minimum flowline slope.

Maximum slope is typically controlled by the profile grade of the roadway and safety
considerations associated with front slope steepness. While slopes too flat can lead to
sedimentation, slopes too steep can lead to erosion. Other DOTSs have general guidelines to
address ditch steepness. lowa uses desirable ditch grades of between 1 percent and 3 percent with
a minimum acceptable grade between 0.2 percent and 1 percent (53). Washington DOT
establishes a 6 percent maximum ditch line grade or 5 ft/s water velocity before requiring special
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lining techniques (56). Michigan DOT and New York DOT provide desired minimums of
0.3 percent and 0.5 percent, but provide no maximums (54, 57).

For pavement preservation, sedimentation causes more concern because silting in the flowline
raises the water elevation and creates potential for water within pavement structural layers.
Initially, researchers implemented a stepwise function that included punitive measures for slopes
that were too flat and too steep. This method was overly punitive for slope approaching cross-
culverts or flowlines at the toe of slope in front slope only sections. Additionally, the challenge
of distinguishing between surface types along the ROW can lead to steep slopes being penalized
when in reality erosion measures such as riprap are in place. While different material types can
be distinguished at the project level, doing so at the network level becomes difficult. Therefore,
the final rating for flowline slope focuses on providing information on ditches that are steep
enough, rather than trying to identify slopes that might be too steep. Researchers selected a

1 percent fall as the threshold to receive a perfect rating. Anything steeper than that also receives
a perfect rating, while flatter flowlines follow the deduction curve in Figure 41.

1
0.9

0.8

0.7

0.6
0.5

0.4 //
0.3 /

0.2 /

0.1 /
0 /
0.0% 0.2% 0.4% 0.6% 0.8% 1.0% 1.2% 1.4%

Ditch Flowline Slope (%)

Ditch Flowline Slope

Figure 41. Ditch Flowline Slope Stepwise Rating Curve.

A NOTE ON RUTTING

Researchers chose not to include rutting into the surface drainage rating scheme. Rutting
measurements currently take place during the annual pavement condition inspection. The annual
condition score for a pavement section includes rutting measurements. However, rutting can play
a significant role in pavement drainage, particularly if ruts create a trough to channelize water
flow. The use of drainage area calculations for HPS analysis captures water channelization, and
WEFT calculations near the outside wheel path provide a critical analysis point. Therefore, while

7



rutting does not explicitly contribute to the drainage rating, it implicitly effects drainage area
calculations, contributing to the overall drainage rating.

SURFACE DRAINAGE RATING SUMMARY

The surface drainage rating consists of paved surface elements and roadside elements measured
through automated means. Researchers collect mobile LiDAR data at near highway speeds.
Through this project, methods have been developed to extract mobile LiDAR data, process it,
and generate ratings with minimal manual interaction. The goal of the network-level rating was
to implement a proof of concept that could efficiently rate miles of roadway without spending
large amounts of time evaluating video.

Using off-the-shelf processing software that accompanies the data collection equipment, mobile
LiDAR data were extracted on both 1-ft x 1-ft grids and 3-ft x 3-ft grids. The raw LiDAR
scanner data were used to differentiate between the paved surface and the vegetated roadside.
Once this delineation has been made, 1-ft x 1-ft gridded data are used to analyze the paved
surface, and 3-ft x 3-ft gridded data are used to analyze the roadside.

The rating balances design requirements and drainage needs. Paved surface elements include
lane width, lane cross-slope, and hydroplaning potential. Lane cross-slope is rated only if the
data collection section is determined to be in shape as it relates to the expected location of the
highpoint on the paved surface. Hydroplaning analysis includes evaluating the drainage areas
along the paved surface and calculating the WFT created in the outside wheel path. The actual
calculation of HPS requires several assumptions on vehicle characteristics, so a Monte Carlo
simulation was used to generate an average HPS for the section.

Roadside elements compete against each other within the rating. The roadside front slope must
meet design requirements in terms of steepness, but a deep ditch is desired for drainage. This
competition between rated elements is shown in more detail in the Application of Surface
Drainage Rating section. Calculation of the ditch flowline requires generating a drainage area
along the roadside and determining the flowline slope within the drainage area. In addition to
rating the drainage elements along the roadside, roadsides are provided a descriptor to classify if
the section has a ditch, is primarily a front slope, or has varying drainage geometry.

This drainage rating applies primarily to rural roadways with consistent geometry. While other
sections can be rated, automatic extraction of data and automatic processing requires as much
consistency as possible. Changes in geometry or loss of roadside features due to curb and gutter
or barrier require manual intervention. In the following section, the drainage rating is applied to
roadways with paved surface and roadside features. This rating meets the needs identified by
TxDOT to address pavement cross-slope, horizontal curve shape and radius, front slope, and
roadside ditch geometry. Unfortunately, due to the nature of data collection, inlets and barrier
rail openings cannot be identified. This limits the current application at the network level to rural

78



sections. Sections with curb and gutter and barrier can be analyzed, but the effort requires
significant manual interaction and does not lend itself to network-level analysis. These sections
should be treated similar to project level applications with specific features targeted.
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APPLICATION OF SURFACE DRAINAGE RATING

The surface drainage rating described in the previous section was applied to 73.5 mi of rural
roadway. Road Doctor software was initially used to process the mobile LIDAR data and extract
it for additional use. Following the extraction of mobile LiDAR data into a gridded format,
Matlab software was used to develop a proof of concept code to generate network-level ratings.
Ratings were generated on 0.1-mi data collection sections and reported in an Excel environment.
Because the rating is derived from multiple pieces of information, additional tabular data can be
provided to drill down into individual pieces of the rating. Currently, the proof of concept code
requires approximately 10 minutes per mile to generate ratings. This process occurs after the data
have been processed, and an additional aesthetic step is required to generate the final tabular
summary of the rating. In total, processing a mile of data to create gridded data in LIDAR
specific software requires approximately one hour, followed by additional time to push the data
through the proof of concept Matlab code and additional aesthetic steps for the final output.
Economies of scale are realized in the initial processing. While it takes approximately one hour
to process 1 mi of raw LiDAR data, it only takes marginally longer to process 10 mi.

Roadway sections were taken from the Atlanta, Bryan, Corpus Christi, and Tyler Districts.
Roadway types were chosen that included both paved surface features and roadside drainage
features. As the drainage rating was applied to the various networks, it became obvious that
comparing drainage features within an urban or metro environment was significantly different
than comparing drainage features in a rural environment. Within a rural environment, both paved
surface geometry and roadside geometry contribute to the surface drainage. In addition to the
contribution, these elements can be measured using mobile LIiDAR, and additional post-
processing methods can be developed to develop ratings at the network level.

Within an urban environment with curb and gutter, calculations can be made for lane width,
cross-slope, and drainage areas. However, it is difficult to delineate the location of an inlet or
outfall point at the network level. This information can easily be captured at the project level
when video and mobile LiDAR data are coupled together. At the network level, researchers
focused on developing methods that could process vast amounts of data with minimal manual
interaction. Therefore, in curb and gutter sections, the outside ponding width developed at the
network level often far exceeds allowable results because the flow of water into an inlet is not
automatically captured without manual processing.

Urban sections with curb and gutter are void of roadside geometry that impacts drainage in the
same way as rural sections. The lack of influence of roadside geometry is also true for large
metro sections with multiple lanes in each direction. Sections such as those encountered on IH 45
and IH 610 in the Houston District have many geometric features, but the width of the section
impacts the ability to measure network-level information in a single data collection run.
Collecting from the center lane provides the most information about the driving surface, but this
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information is limited to lane width, cross-slope, and hydroplaning potential. Many metro
sections often have no roadside at all because of the presence of a barrier rail. The barrier rail
typically has small slotted openings for the water to drain off of the pavement, but these
openings are not easily identified with mobile LiDAR.

In summary, methods for minimal manual interaction to rate rural sections have been developed
through this project. These rural sections can consist of travel in both directions or a single
direction. Urban and metro sections with curb and gutter or multiple lanes should be evaluated as
corridor specific or at the project level. The hydraulic diversity of these types of sections and the
need to identify fixed low points such as inlets or barrier openings forces significant data
processing interaction and does not lend itself to network-level analysis.

The application of the network-level rating to various roadways is shown in the following
sections. Researchers have provided additional descriptions and screenshots to illustrate the
application of the rating and to point out potential flaws.

IH 20—ATLANTA DISTRICT

Researchers rated the eastbound direction of IH 20 in the Atlanta District between approximately
SH 31 and FM 2199, or reference marker 621 and 624. This portion of IH 20 consists of two
eastbound lanes with a narrow inside shoulder and wider outside shoulder. The paved surface
appears to be dense grade HMA. Table 23 shows the rating output.

Table 23. IH 20 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Combined Overall
RT Cross Hydro- Front Ditch Ditch Paved Combined Overall Rating
Begin End Alignment Width Slope  planing RT Roadside  Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton ~ Section Shape  Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
621.0|1621.1] 1 |TANGENT |TANGENT 1.00 | 1.00 [ 0.90 [Primarily FS 1.00 | 1.00 [ .00 | 0.97 1.00 0.98
621.11621.2] 2 |TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily FS 1.00 | 0.86 | 1.00 1.00 0.95 0.98
621.2|1621.3] 3 [TANGENT |TANGENT 1.00 | 1.00 1.00 [Various Drainage | 1.00 | 1.00 [ 1.00 1.00 1.00 1.00
621.3|1621.4| 4 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 |[Primarily Ditch 1.00 | 0.96 [ 1.00 | 1.00 0.99 0.99
621.4|1621.5| 5 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.93 | 1.00 | 1.00 0.98 0.99
621.5|621.6] 6 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.89 | 1.00 | 1.00 0.96 0.98
621.6|621.7) 7 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.94 | 1.00 | 1.00 0.98 0.99
621.71621.8]| 8 |TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily Ditch 1.00 | 0.87 | 1.00 1.00 0.96 0.98
621.81621.9] 9 [TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily Ditch 1.00 | 0.84 | 1.00 1.00 0.95 0.97
621.91622.0] 10 |TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily Ditch 1.00 [ 0.91 | 1.00 1.00 0.97 0.99
622.0|1622.1] 11 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 |[Primarily Ditch 1.00 | 0.83 | 1.00 | 1.00 0.94 0.97
622.1|1622.2| 12 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 091 [ 1.00 | 1.00 0.97 0.98
622.2|1622.3] 13 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.94 [ 1.00 | 1.00 0.98 0.99
622.3|1622.4| 14 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.88 | 1.00 | 1.00 0.96 0.98
622.4|1622.5| 15 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 091 | 1.00 | 1.00 0.97 0.98
622.51622.6] 16 |TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily Ditch 1.00 | 0.85 | 1.00 1.00 0.95 0.98
622.6]622.7] 17 |TANGENT [OoUT OF SHAPE[ 1.00 [ 0.00 | 1.00 [Primariy Ditch | 1.00 [ 0.97 [ 1.00 | 0.67 0.99 0.83
622.7|1622.8] 18 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.95 | 1.00 | 1.00 0.98 0.99
622.8|1622.9] 19 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.86 | 1.00 | 1.00 0.95 0.98
622.9|1623.0 20 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.86 | 1.00 | 1.00 0.95 0.98
623.0|1623.1] 21 |TANGENT |TANGENT 1.00 | 1.00 [ 1.00 [Primarily Ditch 1.00 | 0.89 [ 1.00 | 1.00 0.96 0.98
623.11623.2| 22 |TANGENT |TANGENT 1.00 | 1.00 1.00 [Primarily Ditch 0.99 | 0.93 ] 1.00 1.00 0.97 0.99
623.21623.3] 23 [TANGENT |TANGENT 1.00 | 0.95 1.00 [Primarily Ditch 1.00 | 0.95 | 1.00 0.98 0.98 0.98
623.3]1623.4| 24 |TANGENT |TANGENT 1.00 | 0.90 [ 1.00 |[Primarily Ditch 1.00 | 0.90 [ 1.00 | 0.97 0.97 0.97
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This interstate facility has a desired good surface drainage rating. All but one section receives a
rating above 90. Section 17 has a rating of 83, driven downward because it was deemed out of
shape. The definition of out of shape is the absence of the surface highpoint where it is expected.
As described in the Development of Surface Drainage Rating section, researchers use a

50 percent threshold when searching for the location of the highpoint to determine if a section
should be classified as out of shape. With 528 cross-sections within a 0.1-mi data collection
section, 264 must have the location of the highpoint in the expected location to receive a cross-
slope rating.

FM 31—ATLANTA DISTRICT

Data collection for FM 31 began north of IH 20 at reference marker 280 and proceeded
southbound. The paved surface ratings reflect the southbound, or K1, lane and the roadside
ratings reflect the condition adjacent to the southbound direction of travel. FM 31 consists of one
lane in each direction with a partially flushed, seal-coated surface. Table 24 shows the rating
summary for FM 31 on 0.1-mi data collection sections with 0.5-mi increments blocked with
color changes.
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Table 24. FM 31 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Combined Overall

RT Cross Hydro- Front Ditch Ditch Paved Combined Overall Rating
Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton  Section Shape  Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
280.0[280.1] 1 [TANGENT [TANGENT 0.86 | 0.93 [ 1.00 [Primarily Ditch] 1.00 | 0.90 [ 1.00 [ 0.93 0.97 0.95
280.1{2802] 2 [TANGENT [TANGENT 0.86 | 0.87 | 1.00 [Primarily Ditch| 1.00 | 0.86 [ 1.00 [ 0.91 0.95 0.93
280.2]280.3] 3 |RTCURVE |0UT OF SHAPE | 0.85 | 0.00 | 1.00 |Primarily Ditch | 1.00 | 0.82 | 1.00 | 0.62 0.94 0.78
280.3[280.4] 4 [TANGENT [TANGENT 0.84 | 0.90 [ 1.00 [Primarily Ditch| 1.00 | 0.99 [ 1.00 [ 0.91 1.00 0.96
280.4[2805] 5 [TANGENT [TANGENT 0.86 | 0.79 [ 1.00 [Primarily FS | 1.00 [ 0.93 [ 1.00 [ 0.88 0.97 0.93
280.5(280.6] 6 |[TANGENT [TANGENT 0.82 | 0.80 | 1.00 [Primarily FS | 1.00 | 1.00 [ 1.00 [ 0.87 1.00 0.94
280.6[280.7] 7 [TANGENT [TANGENT 0.81 | 0.67 | 1.00 [Primarily Ditch| 0.94 | 1.00 [ 1.00 [ 0.83 0.98 0.90
280.7[280.8] 8 [TANGENT [TANGENT 0.84 | 0.76 | 1.00 [Primarily Ditch| 1.00 | 0.72 [ 1.00 [ 0.87 0.91 0.89 89
280.8{280.9] 9 [TANGENT [OUT OF SHAPE | 0.91 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.98 [ 1.00 [ 0.64 0.99 0.82 82
280.9(281.0 10 [TANGENT [OUT OF SHAPE | 0.81 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.97 [ 1.00 [ 0.60 0.99 0.80 80
281.0[281.1] 11 [TANGENT [OUT OF SHAPE [ 0.88 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.87 [ 1.00 [ 0.63 0.96 0.79 79
281.1[281.2] 12 [TANGENT [OUT OF SHAPE | 0.81 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.70 [ 1.00 [ 0.60 0.90 0.75 75
281.2[281.3] 13 |[TANGENT [OUT OF SHAPE | 0.85 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.91 [ 1.00 [ 0.62 0.97 0.79 79
281.3[281.4] 14 [LTCURVE [OUT OF SHAPE [ 0.88 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.85 [ 1.00 [ 0.63 0.95 0.79 79
281.4(281.5] 15 [TANGENT [TANGENT 0.90 | 0.60 | 1.00 [Primarily Ditch| 1.00 | 0.81 [ 0.94 [ 0.83 0.92 0.87 87
281.5(281.6] 16 |[TANGENT [TANGENT 0.95 | 0.90 | 1.00 [Primarily Ditch| 0.99 | 0.72 [ 1.00 [ 0.95 0.91 0.93
281.6[281.7] 17 |TANGENT [0oUT OF SHAPE [ 0.89 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.92 [ 1.00 [ 0.63 0.97 080 | 80 |
281.7(281.8] 18 [TANGENT [TANGENT 0.88 | 0.83 | 1.00 [Primarily Ditch| 0.98 | 0.97 [ 1.00 [ 0.90 0.98 0.94
281.8[281.9] 19 [TANGENT [OUT OF SHAPE [ 0.89 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.79 [ 1.00 [ 0.63 0.93 0.78 78
281.9[282.0] 20 [TANGENT [TANGENT 0.86 | 0.52 | 1.00 [Primarily Ditch| 1.00 | 0.86 [ 1.00 [ 0.79 0.95 0.87 87
282.0(282.1] 21 [TANGENT [TANGENT 0.86 | 0.76 | 1.00 [Primarily Ditch| 1.00 | 0.78 [ 1.00 [ 0.87 0.93 0.90 90
282.1(282.2] 22 |[TANGENT [OUT OF SHAPE | 0.86 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.80 [ 0.83 [ 0.62 0.88 0.75 75
282.2[282.3] 23 [TANGENT [OUT OF SHAPE [ 0.96 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.78 [ 0.99 [ 0.65 0.92 0.79 79
282.3(282.4] 24 |[TANGENT [OUT OF SHAPE | 0.76 | 0.00 | 1.00 |Primarily Ditch| 1.00 | 0.76 [ 0.83 [ 0.59 0.86 0.73 73
282.4(2825] 25 |TANGENT [OUT OF SHAPE | 0.83 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.81 [ 0.56 [ 0.61 0.79 0.70
282.5[282.6] 26 [TANGENT [OUT OF SHAPE [ 0.81 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.71 [ 0.54 [ 0.60 0.75 0.68
282.6282.7 27 |[TANGENT [OUT OF SHAPE | 0.82 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.84 | 1.00 | 0.61 0.95 0.78 78
282.7(282.8] 28 |[TANGENT [CURVE TRANS [ 0.78 | 0.50 | 1.00 [Primarily Ditch| 0.98 | 0.0 [ 1.00 [ 0.76 0.96 0.86 86
282.8[282.9] 29 [TANGENT [CURVE TRANS [ 0.81 [ 050 | 1.00 [Primarily Ditch| 0.97 | 0.76 [ 1.00 [ 0.77 0.91 0.84 84
282.9|283.0] 30 |RTCURVE |RT CURVE 0.70 | 1.00 | 1.00 |Primarily Ditch| 0.99 | 100 [ 100 | 090 | 100 | o095 IO
283.0[283.1] 31 [TANGENT [CURVE TRANS [ 0.72 | 0.50 | 1.00 [Primarily Ditch| 1.00 | 0.73 [ 1.00 [ 0.74 0.91 0.83 83
283.1[283.2] 32 [TANGENT [OUT OF SHAPE [ 0.70 | 0.00 | 1.00 [Primarily Ditch| 1.00 | 0.90 [ 1.00 [ 0.57 0.97 0.77 77
283.2[283.3] 33 [TANGENT [CURVE TRANS [0.73 | 050 | 1.00 [Primarily Ditch| 1.00 | 0.77 [ 1.00 [ 0.74 0.92 0.83 83
283.3]283.4] 34 [LTCURVE [LT CURVE 0.78 | 1.00 | 1.00 [Primarily Ditch| 0.99 | 0.87 [ 1.00 [ 0.93 0.96 0.94
283.4[2835] 35 |TANGENT [CURVE TRANS [0.76 | 0.90 | 1.00 [Primarily Ditch | 2.00 [ 0.72 [ 1.00 | 0.89 0.90 089 | 89 |
283.5(283.6] 36 |[TANGENT [TANGENT 0.75 | 0.79 | 1.00 [Primarily Ditch| 0.90 | 1.00 [ 1.00 [ 0.85 0.97 0.91
283.6283.7| 37 |TANGENT [CURVE TRANS | 0.64 | 0.90 | 1.00 [Primarily Ditch| 0.93 | 0.76 [ 1.00 [ 0.84 0.90 0.87
283.7(283.8] 38 [LTCURVE [LT CURVE 0.72 | 1.00 | 1.00 [Primarily Ditch| 1.00 | 0.75 [ 1.00 [ 0.91 0.92 0.91
283.8]283.9] 39 [LTCURVE [LT CURVE 0.77 | 1.00 | 1.00 [Primarily Ditch] 0.99 | 0.92 [ 1.00 [ 0.92 0.97 0.95
283.9(284.0/ 40 [TANGENT [CURVE TRANS | 0.79 | 1.00 | 1.00 [Primarily Ditch| 0.94 | 0.62 [ 0.92 [ 0.93 0.83 0.88
284.0[284.1] 41 [TANGENT [CURVE TRANS [ 0.82 | 1.00 | 1.00 [Primarily Ditch| 0.99 | 0.98 [ 1.00 [ 0.94 0.9 0.97
284.1]284.2] 42 |TANGENT [CURVE TRANS [0.76 | 1.00 | 1.00 [Primarily Ditch| 0.88 | 0.76 [ 0.7 | 0.92 0.78 0.85
284.2[284.3] 43 [TANGENT [CURVE TRANS | 0.74 | 1.00 | 1.00 [Primarily Ditch| 1.00 | 0.87 [ 1.00 [ 0.91 0.96 0.93
284.3(284.4] 44 |RTCURVE [RT CURVE 0.71 | 1.00 | 1.00 [Primarily Ditch| 1.00 | 0.64 [ 1.00 [ 0.90 0.88 0.89 89
284.4[2845] 45 [TANGENT [CURVE TRANS [ 0.76 | 0.78 | 1.00 [Primarily Ditch| 1.00 | 0.72 [ 1.00 [ 0.84 0.91 0.88 88
284.5(284.6] 46 |[TANGENT [TANGENT 0.80 | 0.55 | 1.00 [Primarily Ditch| 0.98 | 0.90 [ 1.00 [ 0.78 0.96 0.87 87
284.6(284.7| 47 [TANGENT [TANGENT 0.72 | 0.45 | 1.00 [Primarily Ditch| 1.00 | 0.58 [ 1.00 [ 0.72 0.86 0.79 79
284.7(284.8] 48 [TANGENT [TANGENT 0.73 | 0.60 | 1.00 [Primarily Ditch| 1.00 | 0.57 [ 0.54 [ 0.78 0.70 0.74 74
284.8(284.9] 49 [TANGENT [TANGENT 0.82 | 0.92 | 1.00 [Primarily Ditch| 1.00 | 0.78 [ 1.00 [ 0.91 0.92 0.92
284.9(285.0/ 50 |[TANGENT [TANGENT 0.80 | 0.93 | 1.00 [Primarily Ditch| 0.99 | 0.901 [ 1.00 [ 0.91 0.97 0.94
285.0[285.1] 51 [TANGENT [CURVE TRANS [0.73 [ 0.97 | 1.00 [Primarily Ditch| 1.00 | 0.92 [ 1.00 [ 0.90 0.97 0.93
285.1(2852] 52 |TANGENT [CURVE TRANS | 0.70 | 0.97 | 1.00 [Primarily Ditch| 1.00 | 0.91 [ 1.00 [ 0.89 0.97 0.93
285.2[285.3] 53 |RTCURVE |RT CURVE 0.70 | 1.00 | 1.00 [Primarily Ditch| 1.00 | 0.78 [ 1.00 [ 0.90 0.93 0.91
285.3[285.4] 54 [RTCURVE [RT CURVE 0.70 | 1.00 [ 1.00 [Primarily Ditch| 1.00 | 0.81 [ 1.00 [ 0.90 0.94 0.92

Data collection for FM 31 began north of IH 20 at reference marker 280 and proceeded
southbound. The paved surface ratings reflect the southbound, or K1, lane and the roadside
ratings reflect the condition adjacent to the southbound direction of travel. FM 31 consists of one
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lane in each direction with a partially flushed, seal-coated surface. Table 24 shows the rating
summary for FM 31 on 0.1-mi data collection sections with 0.5-mi increments blocked with
color changes.

Table 24 indicates that many of the sections along FM 31 are defined as out of shape. Because of
this result, the rating for many of the sections is driven down into the 70s and below. Section 26,
at 75 percent, received the lowest roadside drainage rating. The low roadside rating stems from a
shallow and flat ditch. Figure 42 is a screenshot from the mobile LIDAR post-processing
software, Road Doctor, displaying the shallow and flat ditch in Section 26. Figure 43 represents a
digital rendering of the right roadside of Section 26 along FM 31. Researchers created this
rendering using the proof of concept code used to apply the network-level rating to large data
sets. With a shallow and flat ditch, the expectation would be that the front slope portion of the
roadside rating would be high. For Section 26, the front slope receives a 0.99, indicating a
steepness slightly steeper than 6H:1V (for front slope rating, see Figure 35)

Figure 42. Section 26 on FM 31.
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Figure 43. Proof of Concept Code Digital Rendering of Section 26 on FM 31 Right
Roadside.

The paved surface rating received additional deductions because of a narrow width. Figure 42
clearly indicates the presence of a well-maintained shoulder beyond the edge stripe. As described
in Traveled Way Width rating development, 4R standards were used as the ideal and 3R
standards were used as acceptable. Researchers defined acceptable as a passing score of

70 percent, thus any width rating at or above 0.7 indicates a geometric section in compliance
with 3R standards. With over 2,500 vehicles per day, FM 31 is required to have 12-ft lanes and
8-ft shoulders to receive a perfect width rating, but can have a 12-ft lane and 2-ft shoulder and
receive a width score of 0.7 (see Figure 28 for width rating curves).

The discussion on width and the subsequent rating associated with width illuminates how
information within the rating can be drilled down to extract additional information that can be
helpful in the management process. Along FM 31, a width change occurs in Section 24, resulting
in sections 24 through 54 receiving lower width ratings than sections 1 through 23. The
reflectivity data created by Road Doctor clearly display this width change in Figure 44.
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Figure 44. FM 31 Width Transition.
FM 2625—ATLANTA DISTRICT

Researchers collected and rated data on FM 2625 beginning just east of its intersection with
US 59. FM 2625 has a partially flushed, seal-coated surface, posted speed limit of 75 mph, and
936 vpd. Table 25 contains the output of the surface drainage rating.
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Table 25. FM 2625 Surface Drainage Rating Summary.

RT

Roadway Surface

RT Cross Hydro-

RT

Front Ditch Ditch

RT

Roadside Surface
RT Combined
Paved Combined Overall

Overall
Rating

Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
731.50{731.60] 1 |LTCURVE |LT CURVE 0.77 | 1.00 [ 0.70 |Primarily Ditch| 1.00 | 1.00 [ 1.00 0.82 1.00 0.91
731.60|731.70| 2 |LTCURVE [LT CURVE 0.80 | 1.00 [ 0.70 |Primarily Ditch| 0.97 | 0.89 | 1.00 [ 0.83 0.95 0.89 89
731.70]731.80] 3 |TANGENT |TANGENT 0.86 | 0.72 [ 0.90 |Primarily Ditch| 1.00 | 0.88 | 1.00 0.83 0.96 0.89 89
731.80|731.90| 4 |TANGENT [TANGENT 0.80 | 0.77 | 0.80 |Primarily Ditch| 1.00 | 1.00 | 1.00 [ 0.79 1.00 0.89 89
731.90|732.00] 5 |TANGENT |OUT OF SHAPE 0.85 | 0.00 [ 0.80 |Primarily Ditch| 1.00 | 0.99 | 1.00 0.55 1.00 0.77 77
732.001732.10 6 |TANGENT [TANGENT 0.85 | 0.72 | 0.80 |Primarily Ditch| 1.00 [ 0.93 | 1.00 0.79 0.98 0.88 88
732.10]732.20f 7 |TANGENT |[TANGENT 0.89 | 0.81 | 0.80 |Primarily Ditch| 0.96 | 1.00 | 1.00 0.83 0.99 0.91
732.20|732.30] 8 |RTCURVE [RT CURVE 0.81 | 1.00 | 0.80 |Primarily Ditch| 0.98 [ 1.00 | 1.00 0.87 0.99 0.93
732.30|732.40] 9 |RTCURVE |CURVE TRANSITION | 0.92 | 0.85 | 0.90 |Primarily Ditch| 0.99 | 0.97 | 1.00 0.89 0.99 0.94
732.40|732.50] 10 |TANGENT |[TANGENT 0.99 | 0.70 | 0.70 |Primarily Ditch| 0.99 [ 0.89 | 1.00 0.80 0.96 0.88
732.50|732.60f 11 |TANGENT |[TANGENT 1.00 | 0.89 | 0.80 |Primarily Ditch| 1.00 | 0.93 | 1.00 0.90 0.98 0.94
732.60{732.70[ 12 |TANGENT |TANGENT 0.93 | 0.85 | 0.80 |Primarily Ditch| 0.99 | 1.00 | 1.00 | 0.86 1.00 0.93
732.70|732.80f 13 |TANGENT |[TANGENT 0.89 | 0.80 | 0.70 |Primarily Ditch| 0.98 | 0.88 | 1.00 0.80 0.95 0.87
732.80{732.90[ 14 |TANGENT |TANGENT 0.91 | 0.68 | 0.70 |Primarily Ditch| 1.00 | 0.93 | 1.00 | 0.76 0.98 0.87
732.90|733.00f 15 |TANGENT |[TANGENT 0.85 | 0.85 | 0.80 |Primarily Ditch| 0.99 | 0.97 | 1.00 0.83 0.99 0.91
733.00{733.10 16 |TANGENT |[TANGENT 0.86 | 0.85 | 0.80 |Primarily Ditch| 1.00 | 0.95 | 1.00 0.84 0.98 0.91
733.10/733.20f 17 |RTCURVE |OUT OF SHAPE 1.00 | 0.00 | 0.80 |Primarily Ditch| 1.00 | 0.88 | 0.73 0.60 0.87 0.73
733.20|733.30] 18 |RTCURVE [OUT OF SHAPE 0.92 | 0.00 | 0.80 |Primarily Ditch| 0.99 | 0.98 | 1.00 0.57 0.99 0.78
733.30[733.40[ 19 |TANGENT |TANGENT 0.92 | 0.73 | 0.80 |Primarily Ditch| 0.99 | 0.96 | 1.00 | 0.82 0.98 0.90
733.40|733.50] 20 |TANGENT |[TANGENT 0.93 ] 0.77 | 0.80 |Primarily Ditch| 0.99 | 0.96 | 1.00 0.83 0.98 0.91
733.50]733.60f 21 |TANGENT |[TANGENT 0.93 | 0.63 | 0.80 |Primarily FS 0.97 | 1.00 | 1.00 0.79 0.99 0.89
733.60{733.70] 22 |TANGENT |TANGENT 0.92 | 0.56 | 0.80 |Primarily FS 0.96 | 1.00 | 1.00 [ 0.76 0.99 0.87
733.70]733.80f 23 |TANGENT |[TANGENT 1.00 | 0.85 | 0.80 |Primarily FS 0.98 | 1.00 | 1.00 0.88 0.99 0.94
733.80[733.90 24 |TANGENT |TANGENT 0.94 | 0.86 | 0.80 |Primarily Ditch| 0.97 | 1.00 | 1.00 | 0.87 0.99 0.93
733.90|734.00f 25 |TANGENT |[TANGENT 0.86 | 0.86 | 0.70 |Primarily Ditch| 0.96 | 0.95 | 1.00 0.81 0.97 0.89
734.001734.10] 26 |TANGENT |[TANGENT 0.92 | 0.80 | 0.70 |Primarily Ditch| 0.99 | 0.97 | 1.00 0.81 0.99 0.90
734.10{734.20[ 27 |RTCURVE |RT CURVE 0.94 | 1.00 | 0.80 |Primarily Ditch| 0.98 | 0.90 | 1.00 | 0.91 0.96 0.94
734.20|1734.30] 28 |RTCURVE |CURVE TRANSITION | 0.94 | 0.93 | 0.70 |Primarily Ditch| 0.97 | 1.00 | 1.00 0.86 0.99 0.92
734.30[734.40[ 29 |TANGENT |TANGENT 0.96 | 0.86 | 0.80 |Primarily Ditch| 1.00 | 0.91 | 0.86 | 0.87 0.93 0.90
734.40|734.50] 30 |TANGENT |[TANGENT 0.98 | 0.88 | 0.90 |Primarily Ditch| 0.99 | 0.90 | 1.00 0.92 0.97 0.94
734.50{734.60[ 31 |TANGENT |TANGENT 0.92 | 057 [ 0.70 |Primarily Ditch| 0.97 | 1.00 | 1.00 [ 0.73 0.99 0.86
734.60|734.70| 32 |[TANGENT [TANGENT 0.88 | 0.82 | 0.80 |Primarily Ditch| 0.98 | 1.00 | 0.78 0.84 0.92 0.88
734.70{734.80[ 33 |LTCURVE |LT CURVE 0.98 | 1.00 | 0.80 |Primarily Ditch| 0.97 | 0.96 | 1.00 | 0.93 0.98 0.95
734.80|734.90] 34 |LTCURVE |CURVE TRANSITION | 1.00 | 0.90 | 0.80 |Primarily Ditch| 0.99 | 0.92 | 1.00 0.90 0.97 0.93
734.90[735.00f 35 |TANGENT |TANGENT 0.95 | 0.79 | 0.80 |Primarily Ditch| 0.99 | 0.94 | 1.00 | 0.85 0.98 0.91
735.001735.10 36 |TANGENT |[TANGENT 0.93 ] 0.68 | 0.80 |Primarily Ditch| 0.98 | 1.00 | 1.00 0.80 0.99 0.90
735.10{735.20[ 37 |TANGENT |TANGENT 0.91 | 0.74 | 0.80 |Primarily FS 1.00 | 0.96 | 1.00 [ 0.82 0.98 0.90
735.201735.30] 38 |TANGENT |[TANGENT 0.86 | 0.86 | 0.80 |Primarily Ditch| 0.98 | 0.94 | 1.00 0.84 0.97 0.91
735.30[735.40[ 39 |TANGENT |TANGENT 0.82 | 0.84 | 0.80 |Primarily Ditch| 0.99 | 0.96 | 1.00 | 0.82 0.98 0.90
735.40|735.50] 40 |RTCURVE [RT CURVE 0.88 | 1.00 | 0.90 |Primarily Ditch| 1.00 | 0.91 | 1.00 0.93 0.97 0.95
735.50[735.60[ 41 |RTCURVE |RT CURVE 0.92 | 1.00 | 0.70 |Primarily Ditch| 1.00 | 0.92 | 1.00 | 0.87 0.97 0.92
735.60|735.70| 42 |TANGENT [TANGENT 0.83 | 0.78 | 0.80 |Primarily Ditch| 1.00 | 0.71 | 1.00 0.80 0.90 0.85
735.70[735.80[ 43 |TANGENT |TANGENT 0.79 | 0.71 | 0.70 |Primarily Ditch| 1.00 | 0.93 | 1.00 | 0.73 0.98 0.85
735.80|735.90 44 |[TANGENT [TANGENT 0.81 | 0.75 | 0.70 |Primarily Ditch| 1.00 | 0.98 | 1.00 0.75 0.99 0.87
735.90[736.00] 45 |TANGENT |TANGENT 0.93 | 0.65 | 0.80 |Primarily Ditch| 1.00 | 0.95 | 1.00 | 0.79 0.98 0.89
736.00|736.10] 46 |TANGENT |[TANGENT 0.96 | 0.74 | 0.80 |Primarily FS 1.00 | 0.96 | 1.00 0.83 0.99 0.91
736.10{736.20[ 47 |TANGENT |TANGENT 0.86 | 0.85 | 0.80 |Primarily Ditch| 1.00 | 1.00 | 1.00 | 0.84 1.00 0.92
736.20|736.30] 48 |TANGENT |[TANGENT 0.76 | 0.85 | 0.80 |Primarily Ditch| 0.98 | 1.00 | 1.00 0.80 0.99 0.90
736.30[736.40[ 49 |TANGENT |OUT OF SHAPE 0.71 | 0.00 | 0.70 |Primarily Ditch| 0.97 | 0.91 | 1.00 | 0.47 0.96 0.71
736.40|736.50] 50 |TANGENT [OUT OF SHAPE 0.95 | 0.00 | 0.70 |Primarily Ditch| 1.00 | 1.00 | 1.00 0.55 1.00 0.77
736.50|736.60] 51 |TANGENT |TANGENT 0.93 | 0.92 | 0.80 |Primarily Ditch| 0.93 | 100 | 100 | 088 | 098 | 093 H
736.60|736.70| 52 |TANGENT [TANGENT 0.88 | 0.83 [ 0.80 [Primarily Ditch| 0.99 | 0.89 | 1.00 [ 0.84 0.96 0.90 90
736.70|736.80] 53 |TANGENT [TANGENT 0.80 | 0.85 [ 0.80 |Primarily Ditch| 0.98 | 0.82 | 1.00 [ 0.82 0.93 0.88 88
736.80]736.90] 54 |TANGENT |TANGENT 0.82 | 0.84 [ 0.80 |Primarily Ditch| 0.98 | 0.97 | 1.00 0.82 0.98 0.90
736.90[737.00f 55 |TANGENT |TANGENT 0.81 | 0.85 [ 0.80 |Primarily Ditch| 0.99 | 0.95 | 1.00 [ 0.82 0.98 0.90
737.00|737.10f 56 |TANGENT [TANGENT 0.79 | 0.78 | 0.80 |Primarily Ditch| 0.99 | 0.89 | 1.00 0.79 0.96 0.87
737.10|737.20] 57 |TANGENT |[TANGENT 0.78 | 0.84 | 0.70 |Primarily Ditch| 0.99 | 1.00 | 1.00 0.77 1.00 0.89
737.20|737.30f 58 |TANGENT [TANGENT 0.82 | 0.79 | 0.80 |Primarily Ditch| 0.98 | 1.00 | 1.00 0.80 0.99 0.90
737.30|737.40] 59 |TANGENT [OUT OF SHAPE 0.91 ] 0.00 | 0.70 |Primarily Ditch| 0.98 | 0.92 | 1.00 0.54 0.97 0.75
737.40|737.50f 60 |TANGENT [TANGENT 0.93 ] 0.77 | 0.80 |Primarily Ditch| 1.00 | 0.90 | 1.00 0.84 0.97 0.90
737.50{737.60[ 61 |TANGENT |TANGENT 0.82 | 0.80 | 0.80 |Primarily Ditch| 0.98 | 1.00 | 1.00 | 0.81 0.99 0.90
737.60|737.70f 62 |TANGENT |[TANGENT 0.82 | 0.92 | 0.80 |Primarily Ditch| 1.00 | 0.92 | 1.00 0.85 0.97 0.91
737.70|737.80 63 |TANGENT |TANGENT 0.92 | 0.86 | 0.80 |Primarily Ditch| 1.00 | 0.94 | 1.00 0.86 0.98 0.92
737.80|737.90f 64 |TANGENT |[TANGENT 0.78 | 0.85 | 0.80 |Primarily Ditch| 1.00 | 1.00 | 1.00 0.81 1.00 0.90
737.90|738.00] 65 |[TANGENT [TANGENT 0.80 | 0.93 | 0.80 |Primarily Ditch| 1.00 | 0.93 | 1.00 0.84 0.98 0.91
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This portion of FM 2625 has high surface drainage ratings, particularly for the roadside. Only
sections deemed as out of shape have ratings in the 70s. Section 17 has the lowest roadside rating
and one of the lowest combined ratings. Within Section 17, the roadside rating is 87 percent and
the paved surface rating is 60 percent. The paved surface rating is driven downward because the
section is out of shape and because it receives a hydroplaning rating of 80 percent. A
hydroplaning rating of 80 percent indicates the calculated HPS for this section is between

10 mph and 15 mph below the posted speed limit. For section 17, the HPS was calculated as

59 mph. With a posted speed limit of 70 mph, the 11-mph difference leads to a rating of 0.80.
Section 17 also has a ditch depth of 2.4 ft with a flowline slope of 0.73 percent, both below the
thresholds to receive a perfect score. Figure 45 is a picture of Section 17. Within Figure 45, it
appears the superelevation for the right curve is following the wrong direction toward the left of
the screen. Section 17 was identified as out of shape. While Figure 45 looks similar to Figure 42
in terms of roadway width, FM 2625 receives consistently higher ratings associated for width.
The reason for this is the difference in average annual daily traffic. FM 2625 has less than

1500 vpd and uses a less punitive width curve than FM 31.

Appears to be super-
elevated the wrong way

49

| Slightly Shallow and Flat
Ditch line

& ,,

Figure 45. Section 17 on FM 2625.

While Figure 45 displays a curve that is out of shape, other curves along FM 2625 are within
shape and receive good ratings. For example, Section 41 is a right curve that is in shape and
receives an overall rating of 92. The primary deduction within Section 41 comes from a
hydroplaning potential rating of 0.70 due to a posted speed limit of 70 mph and a potential
hydroplaning speed of 54 mph. Using mobile LIiDAR data and IMU readings, researchers
calculated the radius of the curve within Section 41 to be 6,420 ft and the superelevation to be
2.4 percent. Using the calculations described in the Hydroplaning Potential. portion of the report,
with the minimum friction factor associated with 80 mph, the required curve radius for Section
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41 is 2,308 ft. Therefore, with a radius of over 6,000 ft, this section receives a 1.0 rating for
cross-slope.

Figure 46 displays the profile of Section 41 along FM 2625 created using the proof of concept
code for network-level applications. Figure 46 indicates that in the direction of travel, the section
is in a vertical curve in addition to the horizontal curve described above. The spike shown in
Figure 46 comes from the laser striking a passing vehicle. The fact that the section falls within a
horizontal and vertical curve helps explain the hydroplaning potential, with the slight
superelevation pushing the water from one side of the pavement to the other and the vertical
curve assisting in keeping the water on the pavement rather than flowing off of the pavement
onto the roadside. Figure 47 was also created within the proof of concept code and shows the
cross-section of Section 41, displaying the slight superelevation with the rightward tilt. Finally,
Figure 48 was created to show the right roadside. The right roadside receives a rating of 0.97
since the fall in the ditch flowline and the depth of the ditch is easily noticeable in Figure 48.

6440 5460 B8 5500 6520 6540 6560 6580 6600 esdll

Figure 46. Proof of Concept Code Digital Rendering of Section 41 on FM 2625 Profile.
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Figure 47. Proof of Concept Code Digital Rendering of Section 41 on FM 2625 Cross-
Section.

Figure 48. Proof of Concept Code Digital Rendering of Section 41 on FM 2625 Right
Roadside.

FM 2983—ATLANTA DISTRICT

FM 2983 is a very short roadway connecting FM 31 and US 59 that essentially runs parallel to
US 59, before turning back to intersect with US 59. The roadway only carriers 134 vpd and has a
posted speed limit of 55 mph. Table 26 is the network rating output for FM 2983.
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Table 26. FM 2983 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Combined Overall

RT Cross Hydro- Front Ditch Ditch Paved Combined Overall Rating
Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
284.0{284.1 1 [RT CURVE |RT CURVE 0.80 | 0.00 | 1.00 [Primarily Ditch| 0.99 | 0.83 | 1.00 [ 0.60 0.94 0.77 77
284.1|1284.2| 2 |TANGENT |OUT OF SHAPE 0.88 | 0.00 [ 1.00 |Primarily Ditch| 0.99 | 0.83 | 1.00 | 0.63 0.94 0.78 78
284.2|1284.3| 3 |LT CURVE |CURVE TRANSITION [ 0.84 | 0.43 | 1.00 |Primarily Ditch| 1.00 | 0.84 | 1.00 | 0.76 0.95 0.85 85
28432844 4 |[LTCURVE |LT CURVE 1.00 | 0.86 | 1.00 |Primarily Ditch| 1.00 | 0.83 | 1.00 | 0.95 0.94 0.95
28442845 5 |[LT CURVE |CURVE TRANSITION | 0.78 | 0.43 | 1.00 [Primarily Ditch| 0.99 | 1.00 | 1.00 | 0.74 1.00 0.87 87
28452846 6 [RT CURVE |OUT OF SHAPE 0.77 | 0.00 | 1.00 [Primarily Ditch| 0.98 | 0.88 | 1.00 0.59 0.95 0.77 7
284.6(/284.7| 7 |[TANGENT |TANGENT 0.81 | 0.78 | 1.00 [Primarily Ditch| 1.00 | 0.68 | 1.00 0.86 0.89 0.88 88
284.7(284.8) 8 |[RT CURVE |OUT OF SHAPE 0.84 | 0.00 [ 1.00 |Primarily Ditch| 0.94 | 0.61 | 1.00 0.61 0.85 0.73 73
284.8|12849] 9 |TANGENT |CURVE TRANSITION [ 0.81 | 0.50 | 1.00 |Primarily Ditch| 0.96 | 0.59 | 0.58 0.77 0.71 0.74 74
284.9]1285.0{ 10 |LT CURVE |LT CURVE 0.98 | 1.00 [ 1.00 |Primarily Ditch| 1.00 | 0.92 | 1.00 0.99 0.97 0.98
285.0(285.1| 11 [LT CURVE |LT CURVE 0.92 | 1.00 | 1.00 [Primarily Ditch| 0.99 | 1.00 | 1.00 [ 0.97 1.00 0.99
285.1[285.2 12 [TANGENT |CURVE TRANSITION | 0.80 | 1.00 | 1.00 [Primarily Ditch| 1.00 | 1.00 | 1.00 | 0.93 1.00 0.97
285.2(285.3| 13 [LT CURVE |LT CURVE 0.82 | 1.00 | 1.00 [Primarily Ditch| 0.91 | 0.82 | 1.00 | 0.94 0.91 0.92
285.3|1285.4| 14 |TANGENT |CURVE TRANSITION [ 0.79 | 0.50 | 1.00 |Primarily Ditch| 0.98 | 1.00 | 1.00 | 0.76 0.99 0.88 88
285.4|285.5| 15 |LT CURVE |LT CURVE 0.70 [ 0.00 | 1.00 [Primarily Ditch| 0.88 | 1.00 | 1.00 | 0.57 0.96 0.76 76

Table 26 provides a rating not yet seen. Both Section 1 and Section 15 are in shape and part of
curves, yet the cross-slope rating is 0.0 for each section. When this rating appears within a curve,
it implies that the radius of the curve is shorter than the radius required at a 25-mph speed
difference using the posted speed limit friction factor. Using mobile LiDAR data, researchers
calculated the radius for Section 1 to be 463 ft and the radius for Section 15 to be 377 ft, with
minimum required radii of 507 ft and 490 ft, respectively. From this perspective, the calculated
radii are not far from the minimum required for a 25-mph differential, so it would possible to
mitigate the poor cross-slope rating with curve advisory signs and with speed advisory plaques
and chevrons. Figure 49 and Figure 50 display each of these curves and show that no advisory
signs or chevrons are installed. It is possible that because each section enters and exits a stop
condition with stop advisory signs in place that the speed is low enough that chevrons are not
needed on these curves. The surface drainage rating allows engineers and managers to drill down
into the rating and make engineering decisions such as that one just described.
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Figure 50. Section 15 on FM 2983.
US 59—ATLANTA DISTRICT

Researchers rated US 59 from just south of the FM 2983 intersection to just north of the

FM 1186 intersection. The posted speed limit for US 59 in this area is 75 mph, indicating that
hydroplaning speed might be impacted within the rating. Table 27 shows the rating output for
US 59. Hydroplaning ratings for each section never exceeds 70 percent, with two sections
receiving a rating of 50 percent. The 50 percent hydroplaning speed rating implies that the
section can only withstand vehicle speeds between 20 mph and 25 mph below the posted speed
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limit. With a posted speed limit of 75 mph, the hydroplaning speed in section 6 and 10 is
calculated between 50 mph and 55 mph. The actual calculations are 55 mph and 54 mph,
respectively, with corresponding WFTs of 0.16 in. and 0.17 in. A review of Section 10 finds that
the water accumulation is wide, at 18 ft, and the flow path contributing to the WFT is
approximately 53 ft. Figure 51 is a screen capture of Section 10. Within Figure 51, it appears

US 59 is flowing toward the data collection vehicles as it travels up a vertical curve. This
situation is indeed the case. With the geometric configuration of both southbound lanes flowing
to the right and the additional surface water provided by the turn lane, the WFT increases. With
an increase in WFT, the hydroplaning rating decreases.

Table 27. US 59 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Combined Overall

RT Cross Hydro- Front Ditch Ditch Paved Combined Overall Rating
Begin End Alignment Width Slope planing RT Roadside  Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
293.4|12935| 1 [TANGENT |TANGENT 1.00 [ 0.25 | 0.70 |Primarily Ditch 099 ] 097 | 1.00 | 0.65 0.99 0.82 82
2935(293.6) 2 |TANGENT |[TANGENT 1.00 [ 1.00 | 0.70 |Primarily Ditch 0.97 | 0.86 | 1.00 | 0.90 0.94 0.92
293.6|293.7[ 3 |TANGENT |TANGENT 1.00 | 1.00 [ 0.70 |Various Drainage | 1.00 | 0.79 | 1.00 [ 0.90 0.93 0.91
2937(293.8] 4 |TANGENT |TANGENT 1.00 [ 0.70 | 0.70 |Primarily Ditch 1.00 | 0.92 | 1.00 | 0.80 0.97 0.89 89
293.8(293.9] 5 |TANGENT |[TANGENT 1.00 [ 0.70 | 0.70 |Primarily Ditch 1.00 | 0.92 [ 1.00 | 0.80 0.97 0.89 89
2939(294.0) 6 |TANGENT |TANGENT 1.00 [ 0.70 | 0.50 |Primarily Ditch 0.90 | 0.93 | 1.00 | 0.73 0.94 0.84 84
294.0{294.1) 7 [TANGENT |TANGENT 1.00 | 1.00 [ 0.70 [Primarily FS 1.00 | 0.84 [ 1.00 | 0.90 0.95 0.92
294.112942] 8 |[TANGENT |TANGENT 1.00 [ 0.50 | 0.70 |Primarily FS 1.00 [ 0.83 | 1.00 | 0.73 0.94 0.84 84
294.2|12943| 9 |TANGENT |TANGENT 1.00 [ 1.00 | 0.70 |Primarily Ditch 099 ] 087 | 070 | 0.90 0.86 0.88 88
294.3{294.4] 10 [TANGENT |TANGENT 1.00 | 0.50 [ 0.50 [Primarily FS 091 [ 0.87 | 1.00 | 0.67 0.93 0.80 80
294.412945| 11 [TANGENT |TANGENT 1.00 [ 0.50 | 0.70 |Primarily Ditch 1.00 [ 0.82 | 1.00 [ 0.73 0.94 0.84 84
294.5|294.6] 12 [RT CURVE |CURVE TRANSITION | 1.00 | 0.75 [ 0.70 |Primarily Ditch 1.00 [ 0.89 | 1.00 [ 0.82 0.96 0.89 89
294.6294.7] 13 [RT CURVE |RT CURVE 1.00 | 1.00 [ 0.70 [Primarily Ditch 1.00 [ 0.98 | 1.00 [ 0.90 0.99 0.95
294.7|1294.8]| 14 |[RT CURVE |RT CURVE 1.00 | 1.00 | 0.70 |Primarily Ditch 0.99] 082 | 1.00 | 0.90 0.94 0.92

Turn lane providing  [se s
additional surface i aman | Vertical curve with water flowing
water o\ opposite of direction of travel

Figure 51. Section 10 on US 59.
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FM 1186—ATLANTA DISTRICT

Researchers rated 6.6 mi of FM 1186 between the US 59 intersection and its split with FM 1794,
south of the Harrison County line. This portion of FM 1186 has front slopes steeper than 6H:1V,
but in most instances front slopes are flatter than 4H:1V. The exception comes in Section 14,
where the front slope rating is 74 percent, indicating a steepness between 3.5H:1V and 3H:1V.
Shallow and flat ditches appear in sections 63 and 64, with the roadside rating in Section 64
below 70 percent. While isolated roadside conditions affect the rating on FM 1186, the primary
driver of low ratings comes from the out-of-shape classification in 32 of the 66 sections. The
results for all 66 sections of FM 1186 are shown in Table 28.
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Table 28. FM 1186 Surface Drainage Rating Summary.

Roadway Surface

Roadside Surface

RT RT RT RT Overall
RT Cross Hydro- Front Ditch Ditch Combined Combined Overall Rating
Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating Rating Rating to 100
284 [284.1] 1 |RTCURVE |RT CURVE 1.00 | 0.47 | 0.90 |Primarily FS 100 ) 100 ) 100 | 0.79 1.00 0.90
284.11284.2| 2 |TANGENT |CURVE TRANSITION | 0.73 [ 055 [ 0.70 |Primarily Ditch | 0.97 | 0.68 | 0.79 [ 0.66 0.81 0.74
284.2|284.3| 3 |TANGENT |TANGENT 0.64 [ 0.63 [ 0.70 |Primarily Ditch [ 1.00 [ 0.94 | 0.97 | 0.65 0.97 0.81
2843|2844 4 |TANGENT |TANGENT 0.70 [ 0.79 [ 0.70 |Primarily Ditch [ 0.93 | 0.85 [ 1.00 | 0.73 0.93 0.83
284.4|2845| 5 |TANGENT |OUT OF SHAPE 0.75 [ 0.00 [ 0.80 |Primarily Ditch [ 1.00 [ 0.83 | 1.00 | 0.52 0.94 0.73
284.5(284.6] 6 |TANGENT |OUT OF SHAPE 0.75 ] 0.00 | 0.70 [Primarily Ditch | 0.99 | 0.89 | 1.00 | 0.48 0.96 0.72
284.6{284.7| 7 |LTCURVE |CURVE TRANSITION | 0.98 | 0.50 | 0.70 [Primarily Ditch| 1.00 | 0.98 | 1.00 | 0.73 0.99 0.86
284.7|284.8| 8 |LTCURVE |LT CURVE 0.93 ] 1.00 | 0.90 [Primarily Ditch| 1.00 | 0.91 | 1.00 | 0.94 0.97 0.96
284.8/284.9] 9 |[LTCURVE |[LT CURVE 1.00 | .00 | 1.00 [Primarily FS 1.00 | 1.00 | 100 1.00 1.00 1.00
284.9( 285 10 [LTCURVE [CURVE TRANSITION | 1.00 | 0.85 | 0.80 |Primarily Ditch [ 1.00 | 0.90 | 1.00 0.88 0.97 0.92
285 [285.1| 11 |TANGENT |TANGENT 1.00 | 0.70 | 0.80 [Primarily Ditch| 0.99 | 0.90 | 1.00 | 0.83 0.96 0.90
285.1{285.2| 12 |TANGENT |TANGENT 1.00 | 0.92 | 0.70 |Primarily Ditch | 0.92 | 1.00 | 1.00 | 0.87 0.97 0.92
285.2|1285.3| 13 |TANGENT |[TANGENT 1.00 [ 0.89 | 0.70 |Primarily Ditch| 0.91 | 1.00 | 1.00 0.86 0.97 0.92
2853|2854 14 |[TANGENT [OUT OF SHAPE 0.65 | 0.00 | 0.80 [Primarily Ditch | 0.74 | 1.00 | 1.00 0.48 0.91 0.70
285.4|285.5| 15 |[TANGENT [OUT OF SHAPE 1.00 | 0.00 | 0.70 |Primarily Ditch | 0.98 | 1.00 | 1.00 0.57 0.99 0.78
285.5[285.6] 16 |TANGENT [OUT OF SHAPE 1.00 | 0.00 | 0.80 |Primarily Ditch | 0.93 | 1.00 | 1.00 0.60 0.98 0.79
285.6]285.7 17 [RTCURVE [CURVE TRANSITION | 1.00 | 0.50 | 0.90 |Primarily Ditch [ 0.97 | 1.00 | 1.00 0.80 0.99 0.89
285.7|285.8]| 18 |RTCURVE |RT CURVE 1.00 | 1.00 | 0.90 |Primarily FS 1.00 | 1.00 | 1.00 0.97 1.00 0.98
285.8/285.9] 19 [RTCURVE |CURVE TRANSITION | 1.00 [ 0.85 [ 0.90 |Primarily FS 1.00 | 0.99 | 1.00 0.92 1.00 0.96
285.9] 286 20 |TANGENT |TANGENT 1.00 | 0.71 | 0.90 |Primarily Ditch| 1.00 | 0.73 | 1.00 0.87 0.91 0.89
286 [286.1] 21 [TANGENT |[TANGENT 0.91 ) 0.84 | 0.80 [Primarily Ditch| 1.00 | 0.84 | 1.00 | 0.85 0.95 0.90
286.1]286.2]| 22 [TANGENT |[TANGENT 0.81 ) 0.77 | 0.80 [Primarily Ditch| 1.00 | 0.82 | 1.00 | 0.79 0.94 0.87
286.2|286.3| 23 [TANGENT [TANGENT 0.84 | 0.73 | 0.80 [Primarily Ditch| 0.95 | 1.00 | 1.00 | 0.79 0.98 0.89
286.3| 286.4| 24 |TANGENT |TANGENT 0.64 | 0.67 | 0.80 |Primarily Ditch | 0.97 | 1.00 | 1.00 | 0.70 0.99 0.85
286.4|286.5] 25 [TANGENT |[TANGENT 0.78 | 0.64 | 0.70 [Primarily Ditch| 0.99 | 0.74 | 1.00 | 071 0.91 0.81
286.5/286.6] 26 |TANGENT |TANGENT 0.78 [ 0.56 [ 0.70 |Primarily Ditch [ 1.00 [ 0.85 | 1.00 [ 0.68 0.95 0.81
286.6(286.7| 27 |TANGENT |OUT OF SHAPE 0.69 | 0.00 | 0.70 [Primarily Ditch | 0.97 [ 1.00 | 1.00 | 0.46 0.99 0.73
286.71286.8]| 28 |RTCURVE |OUT OF SHAPE 0.66 [ 0.00 [ 0.70 |Primarily Ditch [ 1.00 [ 1.00 [ 1.00 | 0.45 1.00 0.73
286.81286.9] 29 |TANGENT |OUT OF SHAPE 0.68 [ 0.00 [ 0.70 |Primarily Ditch [ 1.00 [ 1.00 | 1.00 | 0.46 1.00 0.73
286.9| 287 30 |LTCURVE |[OUT OF SHAPE 0.73 [ 0.65 [ 0.80 |Primarily Ditch [ 1.00 [ 0.98 | 1.00 [ 0.72 0.99 0.86
287 [287.1| 31 |TANGENT |TANGENT 0.81 [ 0.76 [ 0.70 |Primarily Ditch [ 0.97 [ 0.89 | 1.00 | 0.76 0.95 0.85
287.11287.2| 32 |TANGENT |TANGENT 0.81 [ 0.68 [ 0.70 |Primarily Ditch [ 1.00 [ 0.85 [ 1.00 | 0.73 0.95 0.84
287.2|287.3| 33 |TANGENT |OUT OF SHAPE 0.82 [ 0.00 [ 0.80 |Primarily Ditch [ 0.98 [ 0.97 | 1.00 | 0.54 0.98 0.76
287.3[287.4| 34 |TANGENT |OUT OF SHAPE 0.87 | 0.00 | 0.80 |Primarily Ditch | 0.99 | 1.00 | 1.00 | 0.56 1.00 0.78
287.4|287.5| 35 |LTCURVE |OUT OF SHAPE 0.76 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.94 | 1.00 | 0.49 0.98 0.73
287.5/287.6] 36 |LTCURVE [OUT OF SHAPE 0.77 ] 0.00 | 0.70 [Primarily Ditch | 1.00 | 1.00 | 1.00 0.49 1.00 0.74
287.6/287.7| 37 |LTCURVE [OUT OF SHAPE 0.82 | 0.00 | 0.80 [Primarily Ditch| 0.90 | 0.94 | 1.00 0.54 0.95 0.74
287.7|287.8] 38 |TANGENT [OUT OF SHAPE 0.93 | 0.00 | 0.80 [Primarily Ditch | 1.00 | 0.84 | 1.00 0.58 0.95 0.76
287.8/287.9] 39 [TANGENT [TANGENT 0.78 | 0.78 | 0.70 [Primarily Ditch | 0.90 | 0.94 | 1.00 0.75 0.95 0.85
287.9] 288 | 40 |RTCURVE [OUT OF SHAPE 0.82 | 0.00 | 0.80 [Primarily Ditch| 0.99 | 0.91 | 1.00 0.54 0.97 0.75
288 |288.1] 41 |RTCURVE |OUT OF SHAPE 0.76 | 0.00 | 0.70 |Primarily Ditch | 1.00 | 0.90 | 1.00 | 0.49 0.97 0.73
2881|2882 42 |[TANGENT [OUT OF SHAPE 0.75 | 0.00 | 0.80 [Primarily Ditch | 1.00 | 0.98 | 1.00 | 0.52 0.99 0.76
288.2|288.3| 43 |RTCURVE [OUT OF SHAPE 0.74] 0.00 | 0.80 [Primarily Ditch| 0.99 | 0.91 | 1.00 | 051 0.97 0.74
288.3/288.4| 44 |RTCURVE [OUT OF SHAPE 0.82 | 0.00 | 0.90 [Primarily Ditch| 1.00 | 0.89 | 1.00 | 0.57 0.96 0.77
288.4| 288.5| 45 |RTCURVE [OUT OF SHAPE 0.82 | 0.00 | 0.80 |Primarily Ditch| 1.00 | 0.85 | 1.00 | 0.54 0.95 0.74
288.5/288.6] 46 |TANGENT [OUT OF SHAPE 0.74 ] 0.00 | 0.70 [Primarily Ditch | 0.97 | 0.81 | 1.00 | 0.48 0.93 0.70
288.6]288.7| 47 |[TANGENT [TANGENT 0.72 | 0.70 | 0.70 [Primarily Ditch| 0.92 | 0.80 | 1.00 | 0.71 0.91 0.81
288.7|288.8]| 48 |RTCURVE |RT CURVE 0.67 | 1.00 | 0.90 [Primarily Ditch| 0.91 | 0.72 | 1.00 | 0.86 0.87 0.87
288.8| 288.9] 49 |RTCURVE |RT CURVE 0.72 [ 1.00 | 0.90 |Primarily Ditch| 1.00 | 0.90 | 1.00 [ 0.87 0.97 0.92
288.9| 289 50 |TANGENT |CURVE TRANSITION [ 0.74 | 0.50 [ 0.70 |Primarily Ditch | 1.00 [ 0.83 | 1.00 | 0.65 0.94 0.79
289 [289.1| 51 |TANGENT |OUT OF SHAPE 0.71 [ 0.00 [ 0.80 |Primarily Ditch [ 0.99 | 0.84 | 1.00 | 0.50 0.94 0.72
289.1(289.2| 52 |TANGENT |OUT OF SHAPE 0.59 [ 0.00 [ 0.80 |Primarily Ditch [ 0.91 [ 0.82 [ 1.00 | 0.46 0.91 0.68
289.21289.3| 53 |TANGENT |OUT OF SHAPE 0.61 [ 0.00 [ 0.70 |Primarily Ditch [ 1.00 [ 0.90 [ 1.00 | 0.44 0.97 0.70
289.3{289.4| 54 |TANGENT |TANGENT 0.71 [ 0.84 [ 0.80 |Primarily Ditch [ 1.00 [ 0.78 | 1.00 | 0.78 0.93 0.85
289.4[289.5| 55 |TANGENT |OUT OF SHAPE 0.62 | 0.00 | 0.80 [Primarily Ditch| 1.00 [ 0.85 | 1.00 | 0.47 0.95 0.71
289.5{289.6] 56 |TANGENT |OUT OF SHAPE 0.62 | 0.00 [ 0.70 |Primarily FS 1.00 | 093 | 1.00 | 0.44 0.98 0.71
289.6/289.7| 57 |TANGENT [OUT OF SHAPE 0.81 ] 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.88 | 1.00 0.50 0.96 0.73
289.7/289.8] 58 |TANGENT [OUT OF SHAPE 0.82 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.94 | 1.00 0.51 0.98 0.74
289.8|289.9] 59 |TANGENT [OUT OF SHAPE 0.72 | 0.00 [ 0.70 |Primarily Ditch | 1.00 | 0.90 | 1.00 0.47 0.97 0.72
289.9] 290 60 |TANGENT |OUT OF SHAPE 0.71 ] 0.00 | 0.80 [Primarily Ditch| 0.97 | 1.00 | 1.00 0.50 0.99 0.75
290 |290.1| 61 [LTCURVE |[CURVE TRANSITION | 0.58 | 0.50 | 0.80 |Primarily Ditch | 1.00 | 0.88 | 0.94 | 0.63 0.94 0.78
290.1]290.2| 62 [LTCURVE |[LT CURVE 0.66 | 1.00 | 1.00 [Primarily Ditch | 0.99 | 0.76 | 1.00 0.89 0.92 0.90
290.2|290.3| 63 |LTCURVE |[CURVE TRANSITION [ 0.71 | 0.50 | 0.80 [Primarily Ditch| 0.99 [ 0.68 [ 0.74 | 0.67 0.81 0.74
290.3/290.4| 64 |[TANGENT [OUT OF SHAPE 0.79 | 0.00 | 0.70 [Primarily Ditch | 0.93 | 0.64 | 0.51 0.50 0.69 0.59
290.4|290.5| 65 [TANGENT [TANGENT 0.70 | 0.92 | 0.80 [Primarily Ditch | 0.98 | 0.83 | 0.85 0.81 0.89 0.85 85
290.5[290.6] 66 |TANGENT [OUT OF SHAPE 0.69 | 0.00 | 0.70 |Primarily FS 1.00 | 0.91 | 100 0.46 0.97 0.72 | 72 |
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In reality, Section 14 falls within a guardrail section protecting a large drainage structure.
Researchers chose this section as an example of a potential flaw in network-level ratings. When
vast amounts of information need to be processed with little manual intervention, special
scenarios might be missed. Presently, this causes little trouble because it allows managers or
engineers to investigate the reasonableness of the rating. With video files stored with the LIDAR
data, this can be done without a field visit. Figure 52 displays Section 14 and clearly shows the
guardrail. A reasonable question is, “How did the rating still provide a rating of 74 percent when
there is a vertical drop-off beyond the guardrail?” The vegetation growing in the channel
provided a target surface for the laser, and the elevation difference between the roadway surface
and the vegetation was such that it appeared a slope was present.

=
.

i ) 4 :‘.' o » o O _
o 40 B ;’,."' M : ” ey -
M AT |'{|'. Il .

Figure 52. Section 14 on FM. 1186.

Figure 53 shows Section 64 along FM 1186. Within Figure 53, the shallow and flat ditch along
the right side of the roadway is apparent. The lack of shoulder width speaks to the width rating of
0.70. In fact, the right traveled way width in this section averages 12.04 ft, just wide enough to
maintain a passing rating.
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5
n 64 on FM 1186.

Figure 53. Setio
FM 2661—TYLER DISTRICT

FM 2661 in the Tyler District represents the longest continuous section rated within the study.
Researchers rated FM 2661 from near the SH 155 intersection north to near the SH 64
intersection for a total of 12.6 mi. FM 2661 is the only roadway rated via counter flow to
increasing reference markers. This was done to avoid an obstruction in the southbound lane just
south of the SH 31 intersection. Rating FM 2661 was interrupted three times by geometric
changes associated with turn lanes or major intersections. These interruptions are similar to the
unknown presence of guardrails, as discussed with FM 1186. For FM 2661, these sections were
removed from the rating. Table 29 displays the rating output.

98



Table 29. FM 2661 Surface Drainage Rating Summary.

Roadway Surface

RT RT Cross Hydro-

Roadside Surface

RT Front RT Ditch RT Ditch Combined Combined Overall

Overall
Rating

Begin End Alignment Width  Slope planing RT Roadside Slope Depth Slope  Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating  Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
302.7[3026] 1 [TANGENT [TANGENT 080 | 004 [ 1.00 [Primarily Ditch 100 | o085 1.00 0.61 0.95 0.78 78
302.6[3025] 2 [TANGENT [TANGENT 077 | 0.42 [ 0.90 [Primarily Ditch 100 [ o091 1.00 0.70 0.97 0.83 83
302.5/3024| 3 [TANGENT [CURVE TRANSITION [ 0.76 [ 071 | 1.00 |Various Drainage | 1.00 [ 0.87 1.00 0.82 0.96 0.89 89
302.4[3023] 4 [RTCURVE |[RT CURVE 076 | 100 [ 1.00 [Primarily Ditch 100 [ 075 0.93 0.92 0.89 0.91
302.3[3022] 5 [RTCURVE [RT CURVE 077 | 100 [ 0.90 [Primarily Ditch 100 [ 075 1.00 0.89 0.92 0.90
302.2[302.1] 6 [TANGENT [CURVE TRANSITION | 0.83| 0.90 [ 1.00 [Primarily FS 100 [ o086 1.00 0.91 0.95 0.93
302.1| 302 | 7 [TANGENT |[TANGENT 079 | 079 | 090 |Primarily FS 100 | 1.00 1.00 0.83 1.00 0.91
302 [301.9] 8 |RTCURVE |CURVE TRANSITION | 0.77 | 0.90 | 0.90 [Primarily Ditch 097 | 077 1.00 0.86 0.91 0.88
301.9[301.8] 9 [RTCURVE |[RT CURVE 075 100 [ 1.00 [Primarily FS 095 [ 093 1.00 0.92 0.96 0.94
301.8[301.7] 10 [RTCURVE [RT CURVE 079 [ 100 [ 1.00 [Primarily Ditch 100 [ 074 1.00 0.93 0.91 0.92
301.7[301.6] 11 [TANGENT [TANGENT 082 069 [ 0.90 [Primarily FS 096 | 079 1.00 0.80 0.92 0.86 86
301.6/30L5] 12 [TANGENT [TANGENT 085 057 [ 0.90 [Primarily Ditch 098 | 077 1.00 0.77 0.92 0.84 84
301.5[301.4] 13 [TANGENT [TANGENT 081 059 [ 0.90 [Primarily FS 092 [ 100 1.00 0.77 0.97 0.87 87
301.4[301.3] 14 [TANGENT [TANGENT 0.76 | 062 [ 0.90 [Primarily Ditch 100 [ o84 1.00 0.76 0.95 0.85 85
301.3[301.2] 15 [TANGENT [TANGENT 075 081 [ 0.90 [Primarily Ditch 097 [ 075 1.00 0.82 0.91 0.86 86
301.2[301.1] 16 [TANGENT [TANGENT 075 | 082 [ 0.90 [Primarily Ditch 099 | o091 1.00 0.82 0.97 0.90 90
301.1] 301 | 17 [TANGENT [TANGENT 074 | 084 [ 0.90 [Primarily FS 095 | 023 1.00 0.83 0.73 0.78 78
301 [300.9] 18 |TANGENT |TANGENT 077 079 | 0.90 [Primarily FS 099 [ o072 1.00 0.82 0.90 0.86 86
300.9]300.8] 19 [TANGENT [TANGENT 076 | 083 | 0.90 [Primarily FS 090 [ 100 1.00 0.83 0.96 0.90 90
300.8[300.7] 20

Turn Lane
300.7[300.6] 21
300.6[300.5] 22 [TANGENT [TANGENT 075] 045 | 0.90 [Primarily Ditch 100 | o091 1.00 0.70 0.97 0.84 84
300.5[300.4] 23 [TANGENT [OUT OF SHAPE 079 | 000 [ 0.90 [Primarily Ditch 100 [ 075 1.00 0.56 0.92 0.74 74
300.4[300.3] 24 [LTCURVE [OUT OF SHAPE 078 | 000 [ 1.00 [Primarily Ditch 097 | 100 1.00 0.59 0.99 0.79 79
300.3[300.2] 25 |[RTCURVE |[CURVE TRANSITION| 0.79 | 075 [ 1.00 [Primarily Ditch 094 | o097 1.00 0.85 0.97 0.91
300.2[300.1] 26 [RTCURVE [RT CURVE 077 | 100 | 1.00 [Primarily FS 092 [ 100 1.00 0.92 0.97 0.95
300.1] 300 [ 27 [TANGENT [CURVE TRANSITION[ 0.77 [ 1.00 [ 0.90 [Primarily FS 099 [ 023 | 100 0.89 0.74 0.82
300 [299.9] 28 [LTCURVE [LT CURVE 077 | 100 [ 1.00 [Primarily FS 099 | 100 1.00 0.92 1.00 0.96
299.9]299.8] 29
299.8[299.7] 30 Tum Lane
299.7[299.6] 3L
299.6[209.5] 32
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299.5[299.4] 33 |TANGENT [TANGENT 061 053 | 0.90 [Primarily FS 100 | 089 | 08 | 068 | 090 | 079 79
299.4]299.3] 34 |TANGENT |TANGENT 050 | 070 | £.00 [Primarily FS 100 | 100 | 100 | o074 | 100 | o087 87
299.3[299.2] 35 |TANGENT |TANGENT 054 | 031 | 1.00 |PrimarilyDitch | 1.00 | 08 | 100 | 062 | 095 | 079 79
299.2[299.1] 36 |TANGENT |TANGENT 058 | 055 | 0.90 [Primarily FS 100 | 088 | 100 | 068 | 096 | 082 82
299.1] 209 | 37 |TANGENT |TANGENT 053 | 086 | 0.90 [PrimarilyDitch | 1.00 | 080 | 100 | 077 | 093 | 085 85
299 [298.9] 38 |TANGENT |TANGENT 054 | 078 | 1.00 |PrimarilyDitch | 0.97 | 100 | 100 | 077 | 099 | o088 88
298.9]2988] 39 |TANGENT |TANGENT 051 | 074 | 0.90 [PrimarilyDitch | 099 | 08 | 100 | 072 | 09% | o084 84
298.8]298.7] 40 |TANGENT |TANGENT 0.68 | 065 | 0.90 [Primarily Ditth | 100 | 092 | 100 | 075 | 097 | 086 86
2087]2986] 41 |TANGENT |TANGENT 071 08 | 100 |Various Drainage| 099 | 099 | 100 | 08 | 099 | 092 |G
298.6]2985] 42 |TANGENT |TANGENT 067 | 036 | 100 |PrimarilyDitch | 100 | 088 | 100 | 068 | 09% | o0& 82
298.5]2984] 43 |TANGENT |TANGENT 073 | 009 | 1.00 |PrimarilyDitch | 099 | 0901 | 100 | 060 | 097 | 079 79
298.4]298.3] 44 |TANGENT |TANGENT 064 | 013 | 1.00 |Primarily Ditch | 100 | 08 | 100 | 059 | 094 | 076 76
298.3[298.2] 45 |TANGENT |TANGENT 062 | 042 | 1.00 |PrimarilyDitch | 100 | 091 | 100 | 068 | 097 | o083 83
298.2[298.1] 46 |TANGENT |TANGENT 069 | 065 | 1.00 |PrimarilyDitch | 100 | 100 | 100 | 078 | 100 | 089 89
2981 298 | 47 |TANGENT |TANGENT 062 | 075 | 1.00 [PrimarilyDitch | 100 | 08 | 100 | 079 | 095 | o7 87
298 [297.9] 48 |TANGENT |TANGENT 062 | 031 | 1.00 |Primarily Ditth | 100 | 098 | 100 | 064 | 099 | o082 82
297.9]297.8] 49 |TANGENT |TANGENT 061 | 033 | 0.90 |PrimarilyDitch | 100 | 063 | 100 | 06l | 088 | o074 74
297.8]297.7] 50 |TANGENT |TANGENT 0.66 | 036 | 100 [PrimarilyDitch | 100 | 08 | 100 | 067 | 094 | o081 81
297.7]297.6] 51 |TANGENT |TANGENT 074 | 038 | 100 |Primarily Ditth | 100 | 094 | 100 | 071 | 098 | o084 84
297.6]2975] 52 |TANGENT |TANGENT 069 | 051 | 1.00 |Primarily Ditth | 095 | 100 | 100 | 073 | 098 | 086 86
297.5]297.4] 53 |TANGENT |TANGENT 066 | 035 | 1.00 [PrimarilyDitch | 0.99 | 097 | 100 | 067 | 099 | o083 83
297.4]297.3] 54 |TANGENT |TANGENT 062 | 042 | 1.00 |PrimarilyDitch | 100 | 083 | 100 | 068 | 094 | o081 81
297.3[297.2] 55 |TANGENT |TANGENT 059 | 065 | 1.00 |PrimarilyDitch | 100 | 081 | 100 | 075 | 094 | o084 84
297.2[297.1] 56 |TANGENT |TANGENT 0.66 | 048 | 0.90 |PrimarilyDitch | 1.00 | 080 | 095 | 068 | 092 | 080 80
207.1] 297 | 57 |TANGENT |TANGENT 0.76 | 086 | 100 |PrimarilyDich | 096 | 085 | 100 | 087 | 094 | o091 |NNNoni|
297 [296.9] 58 |TANGENT |TANGENT 072 | 084 | 100 |PrimarilyDitch | 099 | 08 | 100 | 085 | 094 | 090 90
296.9]296.8] 59 |TANGENT |TANGENT 060 | 059 | 1.00 |Primarily Ditth | 100 | 077 | 025 | 073 | 067 | 010 70
296.8]296.7| 60 |RTCURVE |CURVE TRANSITION | 061 | 0.75 | 100 |PrimarilyDich | 099 | 087 | 100 | 079 | 096 | 087 87
296.7]296.6] 61 |RTCURVE |RT CURVE 058 | 0.90 | 1.00 [PrimarityDitth | 098 | 100 | 100 | 083 | 099 | o001 |NNNNOTNNN
296.6]2965] 62 |RTCURVE |RT CURVE 067 | 090 | 100 [PrimarilyDitch | 100 | 077 | 058 | 08 | 078 | o0& 82
296.5]2964] 63 |RTCURVE |CURVE TRANSITION | 070 | 0.75 | 090 |PrimarilyDich | 094 | 056 | 058 | 078 | 069 | 074 74
296.4]296.3] 64 |TANGENT |TANGENT 071 | 059 | 0.90 [PrimarilyDitch | 1.00 | 08 | 0% | 073 | 090 | o0& 82
296.3]296.2] 65 |TANGENT |TANGENT 066 | 078 | 0.90 [PrimarilyDitch | 100 | 08 | 100 | 078 | 095 | o087 87
296.2]296.1] 66 |LTCURVE |CURVE TRANSITION | 0.78 | 0.89 | 100 |PrimarilyDich | 098 | 100 | 100 | 089 | 099 | 094

296.1] 296 | 67 |LTCURVE |LT CURVE 0.74 | 099 | 1.00 [Primarily FS 093 | 100 | 100 | oot | 098 | 094

296 [2959| 68 |LTCURVE |LT CURVE 070 | 099 | 1.00 |PrimarilyDitch | 099 | 094 | 100 | 090 | 098 | o094
295.9]2958] 69 |LTCURVE |LT CURVE 060 | 099 | 100 [PrimarilyDitch | 095 | 078 | 100 | 08 | 091 | 089 89
295.8[2957] 70 |LTCURVE |CURVE TRANSITION | 0.70 | 0.80 | 100 |PrimarityDich | 092 | 080 | 100 | 083 | 081 | 087 87
295.7]295.6] 71 |TANGENT |TANGENT 061 | 061 | 1.00 |Primarily Ditth | 100 | 083 | 100 | 074 | 094 | o084 84
295.6]2955] 72 |TANGENT |TANGENT 067 | 062 | 0.90 [PrimarilyDitch | 0.97 | 073 | 100 | 073 | 0% | o0& 82
2955[2954] 73 |TANGENT |TANGENT 063 | 086 | 0.90 [PrimarilyDitch | 099 | 076 | 100 | 080 | 09 | 085 85
2954]2953] 74 |TANGENT |TANGENT 062 | 075 | .00 [Primarily FS 091 | 100 | 100 | 079 | 097 | o088 88
295.3[2952] 75 |TANGENT |TANGENT 07| 082 | 1.00 |PrimarilyDitch | 091 | 075 | 100 | 084 | 089 | o087 87
2952[2951] 76 |TANGENT |OUT OF SHAPE 069 | 000 | 0.90 [PrimarilyDitch | 0.90 | 08L | 100 | 053 | 090 | o072 72
2951 295 | 77 |RTCURVE |OUT OF SHAPE 070 | 000 | 0.90 [PrimarilyDitch | 099 | 08 | 100 | 053 | 095 | o074 74
295 [2949] 78 |TANGENT |CURVE TRANSITION | 0.75 | 050 | 1.00 |PrimariyDitch | 100 | 098 | 100 | 075 | 099 | 087 87
294.9]2948] 79 |LTCURVE |CURVE TRANSITION | 0.74 | 050 | 100 |PrimarilyDich | 099 | 100 | 100 | 075 | 100 | 087 87
2048]294.7] 80 |LTCURVE |LT CURVE 071 | 1,00 | 1.00 [PrimarityDitch | 098 | 100 | 100 | 090 | 099 | 095 |NNNNCSNNN
204.7]294.6] 81 |LTCURVE |LT CURVE 072 100 | 0.90 [PrimarilyDitch | 098 | 08 | 058 | 087 | 079 | 083 83
294.6]2945] 8 |[LTCURVE |CURVE TRANSITION | 0.66 | 0.86 | 100 |PrimarilyDich | 100 | 080 | 100 | 084 | 093 | 089 89
294.5[294.4] 83 |TANGENT |TANGENT 071 | 072 | 1.00 [PrimarilyDitch | 100 | 074 | 100 | 08L | 0oL | 086 86
204.4]294.3] 84 |TANGENT |TANGENT 0.75 | 084 | .00 [Primarily FS 098 | 100 | 100 | 08 | 09 | 0%
204.3[2942] 85 |TANGENT |TANGENT 071 | 088 | 100 [Primarily FS 097 | 100 | 100 | 087 | 099 | 0%
294.2[2941] 8 |RTCURVE |OUT OF SHAPE 0.70 | 000 | 1.00 |PrimarilyDitch | 0.87 | 100 | 100 | 057 | 09 | 0.6 76
204.1] 204 | 87 |TANGENT |OUT OF SHAPE 062 | 000 | 1.00 [PrimarilyDitch | 0.99 | 097 | 100 | 054 | 099 | 076 76
294 [2939] 88 |TANGENT |TANGENT 062 | 079 | 100 |PrimarilyDitch | 100 | 074 | 100 | 081 | 091 | 086 86
293.9]2938] 89 |TANGENT |TANGENT 063 | 058 | 1.00 |Primarily Ditth | 099 | 087 | 100 | 074 | 09 | 085 85
293.8]293.7] 90 |TANGENT |TANGENT 0.73 | 077 | 0.90 |Primarily Ditth | 100 | 085 | 100 | 080 | 095 | o087 87
2037]2936] 91 |TANGENT |TANGENT 0.74 | 08 | 100 |Primarily FS 100 | 096 | 100 | 08 | 099 | 093 |HNGSINN
293.6]2935] 92 |TANGENT |TANGENT 062 | 071 | 1.00 [Primarily FS 10 | 100 | 100 | 078 | 100 | 089 89
2935[2934] 93 |TANGENT |TANGENT 059 | 055 | 0.90 [PrimarilyDitch | 099 | 100 | 100 | 068 | 100 | o084 84
2934[2933] 94 |TANGENT |TANGENT 0.66 | 076 | 0.90 |PrimarilyDitch | 1.00 | 096 | 100 | 077 | 099 | 088 88
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ZH)| 28| k3 SH 31 Intersection

293.2[293.1] 96

293.1] 293 | 97 |TANGENT [TANGENT 051] 082 | 0.90 | PrimarilyDitch | 100 | 078 | 100 | 074 | 093 | 084 | 84
293 [292.0] 98 |TANGENT |TANGENT 054 | 068 | 0.90 |PrimarilyDitch | 095 | 100 | 100 | 071 | 098 | o084 84
292.9]2928] 99 |RTCURVE |RT CURVE 070 100 | 1.00 |Primarily Ditch | 0.98 | 100 | 100 | 090 | 099 | 095
292.8]292.7] 100 |RTCURVE |CURVE TRANSITION | 0.75 | 0.88 | 100 |PrimariyDitch | 099 | 079 | 100 | 088 | 093 | 090
292.7]292.6] 101 |TANGENT |TANGENT 0.66 | 0.77 | 1.00 |Various Drainage| 0.99 | 054 | 100 | 08L | 084 | 083 83
292.6]1292.5] 102 |[TANGENT |TANGENT 0.65| 070 | 1.00 |PrimarilyDitch | 094 | 100 | 100 | 078 | 098 | 088 88
292.5]292.4] 103 [TANGENT |OUT OF SHAPE 055 | 000 | 0.90 |PrimarilyDitch | 1.00 | 096 | 100 | 048 | 098 | 073 73
292.4]292.3] 104 [TANGENT |CURVE TRANSITION | 053 | 050 | 090 |PrimarilyDitch | 097 | 073 | 100 | 073 | 090 | 081 81
292.3[292.2] 105 [LTCURVE |LT CURVE 060 | 100 | 0.90 [Primarily FS 093 | 100 | 100 | 08 | 098 | 090
292.2[292.1] 106 [LTCURVE |LT CURVE 043 100 | 1.00 |Primarily FS 078 | 100 | 100 | o8l | 093 | o087 87
2921 292 | 107 |LTCURVE |CURVE TRANSITION | 051 | 1.00 | 100 |PrimariyDitch | 082 | 085 | 100 | 084 | 089 | 086 86
292 [291.9] 108 [TANGENT |CURVE TRANSITION | 0.59 | 1.00 | 0.90 |Primarily FS 096 | 094 | 100 | 08 | 097 | 090 %0
291.9]291.8] 109 |RTCURVE |RT CURVE 0.60 | 100 | 1.00 [Primarily FS 100 | 100 | 100 | 08 | 100 | 0%
291.8]291.7] 110 |RTCURVE |RT CURVE 044 100 | 1.00 |PrimarilyDitch | 1.00 | 092 | 100 | 08L | 097 | 089 89
291.7]291.6] 111 |TANGENT |TANGENT 037 ] 089 | 0.90 |PrimarilyDitch | 1.00 | 099 | 100 | 072 | 1.00 | 0.6 86
291.6]291.5] 112 |[RTCURVE |RT CURVE 055 | 100 | 1.00 |PrimarilyDitth | 1.00 | 061 | 100 | 085 | 087 | 086 86
2015[291.4] 113 |RTCURVE |RT CURVE 058 | 100 | .00 [Primarily FS 097 | 100 | 100 | 08 | 09 | 0%
2914]291.3] 114 [TANGENT |[TANGENT 039 | 060 | 1.00 |PrimarilyDitch | 099 | 0oL | 100 | 066 | 097 | o082 82
2013[291.2] 115 [TANGENT |TANGENT 045 040 | 1.00 |Primarily FS 09 | 100 | 100 | o6l | 099 | 080 80
2912[291.1] 116 |TANGENT |TANGENT 049 | 084 | 1.00 |PrimarilyDitch | 099 | 100 | 100 | 078 | 099 | 0.9 89
2011 201 | 117 |[TANGENT |TANGENT 045| 08 | 0.90 [PrimarilyDitch | 100 | 100 | 100 | 073 | 100 | 086 86
201 [290.9] 118 |TANGENT |TANGENT 045| 092 | 0.90 [PrimarilyDitch | 092 | 100 | 100 | 076 | 097 | o087 87
200.9]290.8] 119 |TANGENT |TANGENT 053] 075 | 0.90 |PrimarilyDitch | 097 | 093 | 100 | 073 | 097 | 085 85
290.8]290.7] 120 |[TANGENT |CURVE TRANSITION | 035 | 0.87 | 090 |PrimarilyDich | 098 | 077 | 100 | 071 | 092 | 081 81
200.7[290.6] 121 |[LTCURVE |LT CURVE 050 | 100 | 1.00 [PrimarilyDitch | 086 | 063 | 062 | 083 | 070 | 077 77
290.6]290.5] 122 [LTCURVE |LT CURVE 035 | 100 | 0.90 |Primarily Ditch | 100 | 082 | 100 | 075 | 097 | 086 86
2905[290.4] 123 [LTCURVE |LT CURVE 055 | 1.00 | 100 [Primarily FS 098 | 100 | 100 | 085 | 099 | o092 |G
290.4]290.3] 124 |TANGENT |[TANGENT 024 025 | 1,00 |Primarily FS 09 | 100 | 100 | 050 | 099 | 074 74
290.3[290.2] 125 |TANGENT |TANGENT 043 | 069 | 1.00 [PrimarilyDitch | 0.98 | 083 | 100 | 071 | 094 | o0& 82
290.2[290.1] 126 |TANGENT |TANGENT 040 | 054 | 1.00 |PrimarilyDitch | 099 | 071 | 100 | 065 | 080 | 077 7

A consistent reduction in roadway width rating occurs north of the SH 31 intersection. Figure 54
and Figure 55 show the difference in the widened surface north of SH 31, leading to better
ratings than south of SH 31. The geometry along FM 2661 appears similar to the geometry on
FM roadways in the Atlanta district, yet hydroplaning ratings on FM 2661 are either 0.90 or
1.00. This is not a geometric issue since FM 2661 has sections that are also out of shape; the
difference is the posted speed limit. FM 2661 is posted at 60 mph, so while Section 111 has a
hydroplaning speed calculation of 54 mph and WFT of 0.22 in., the rating is 0.9 because the
comparison of potential hydroplaning speed to posted speed is between 5 mph and 10 mph. In
reality, a hydroplaning speed of 54 mph is lower than the 59-mph hydroplaning speed referenced
for Section 17 on FM 2625, but Section 17 on FM 2625 receives a lower rating because the
posted speed limit is 70 mph. An advantage of the surface drainage rating is the ability to
investigate these types of anomalies.
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Figure 55. FM 2661 Non-widened Section South of FM 31,
US 69—TYLER DISTRICT

The portion of US 69 rated within the Tyler District consists of two lanes in each direction with a
porous friction course (PFC) surface. The highway is divided with a project crown in the median.
The mobile LiDAR data indicate that both southbound lanes flow toward the right EOP except
when located in curves. Table 30 shows the overall drainage rating for US 69 was very good.
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Table 30. US 69 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface Overall
RT RT Cross Hydro- RT Front RT Ditch RT Ditch Combined Combined Overall Rating
Begin End Alignment Width  Slope planing RT Roadside Slope Depth Slope  Surface Roadside Drainage Normalized

TRM TRM Section Classificaiton Section Shape Rating  Rating Rating Shape Rating  Rating  Rating  Rating  Rating  Rating to 100
322.213223| 1 |TANGENT |TANGENT 1.00 1.00 1.00 |Primarily Ditch 1.00 0.78 1.00 1.00 0.93 0.96
322.3|3224| 2 |RTCURVE |RT CURVE 1.00 1.00 1.00 [Primarily FS 0.99 0.87 1.00 1.00 0.95 0.98
322.4[322.5] 3 |[TANGENT |TANGENT 1.00 0.95 0.90 |Primarily Ditch 1.00 0.72 1.00 0.95 0.91 0.93
3225|3226 4 |LTCURVE |LT CURVE 1.00 1.00 0.90 |Primarily FS 0.96 0.79 1.00 0.97 0.92 0.94

322.6[322.7] 5 [LTCURVE [LTCURVE 100 [ 100 [ 1.00 [Primarily FS 0.96 0.23 1.00 1.00 0.73 0.87

322.7(3228] 6 |TANGENT |TANGENT 1.00 0.95 1.00 [Primarily FS 0.99 0.95 1.00 0.98 0.98 0.98
322.8|322.9] 7 |TANGENT [TANGENT 1.00 0.90 1.00 [Primarily Ditch 0.90 0.76 1.00 0.97 0.89 0.93
322.9( 323 8 |TANGENT |TANGENT 1.00 0.80 1.00 |Primarily Ditch 1.00 0.76 1.00 0.93 0.92 0.93
323 |323.1f 9 |TANGENT [TANGENT 1.00 0.90 1.00 [Primarily Ditch 1.00 0.90 1.00 0.97 0.97 0.97
323.1{323.2] 10 [TANGENT |TANGENT 1.00 0.95 1.00 [Primarily Ditch 1.00 0.87 1.00 0.98 0.96 0.97
323.2(323.3] 11 |TANGENT |TANGENT 1.00 0.90 1.00 |Primarily Ditch 1.00 0.73 1.00 0.97 0.91 0.94
323.3[3234| 12 |[TANGENT |TANGENT 0.96 0.80 0.90 |Primarily Ditch 1.00 0.88 1.00 0.89 0.96 0.92
323.4[3235| 13 [LT CURVE |CURVE TRANSITION [ 1.00 0.90 1.00 [Primarily Ditch 0.97 0.99 1.00 0.97 0.99 0.98
3235[323.6] 14 |LTCURVE |LT CURVE 1.00 1.00 1.00 | Primarily FS 0.99 1.00 1.00 1.00 1.00 1.00
323.6[323.7| 15 |LT CURVE |CURVE TRANSITION | 1.00 1.00 1.00 |Primarily Ditch 1.00 0.83 1.00 1.00 0.94 0.97
323.7(3238| 16 |TANGENT |CURVE TRANSITION | 1.00 1.00 1.00 | Primarily Ditch 0.99 0.65 0.89 1.00 0.85 0.92
323.8[3239| 17 |RT CURVE |RT CURVE 1.00 1.00 1.00 | Primarily Ditch 1.00 0.74 1.00 1.00 0.91 0.96
323.9| 324 | 18 |RTCURVE |RT CURVE 1.00 1.00 1.00 | Primarily Ditch 0.99 0.82 1.00 1.00 0.93 0.97
324 13241 19 |RT CURVE |RT CURVE 1.00 1.00 1.00 |Primarily Ditch 0.99 0.82 1.00 1.00 0.94 0.97
324.1)324.2] 20 |RT CURVE |RT CURVE 1.00 1.00 1.00 |Primarily Ditch 1.00 0.82 1.00 1.00 0.94 0.97
324.2) 324.3] 21 |TANGENT [TANGENT 1.00 0.90 1.00 |Primarily Ditch 0.96 0.98 1.00 0.97 0.98 0.97
324.3|1 324.4[ 22 |TANGENT [TANGENT 1.00 0.90 1.00 | Primarily Ditch 0.94 0.85 1.00 0.97 0.93 0.95
324.4|324.5| 23 |TANGENT |[TANGENT 1.00 0.95 1.00 |Primarily Ditch 0.99 0.86 1.00 0.98 0.95 0.97
324.5| 324.6] 24 |TANGENT [TANGENT 1.00 0.90 1.00 |Primarily Ditch 0.99 0.81 0.79 0.97 0.86 0.91
324.6| 324.7) 25 |TANGENT [TANGENT 1.00 0.90 1.00 | Primarily Ditch 0.99 0.84 1.00 0.97 0.94 0.96
324.7|324.8| 26 |[TANGENT |TANGENT 1.00 1.00 1.00 [Primarily Ditch 1.00 0.70 0.77 1.00 0.83 0.91
324.8|324.9| 27 |[TANGENT |TANGENT 1.00 1.00 1.00 [Primarily Ditch 0.97 0.82 1.00 1.00 0.93 0.96
324.9| 325 28 [LT CURVE |CURVE TRANSITION [ 1.00 1.00 1.00 |Primarily Ditch 0.97 0.78 0.97 1.00 0.91 0.95
325 [325.1] 29 [LTCURVE |LT CURVE 1.00 1.00 1.00 |Primarily Ditch 0.91 0.68 1.00 1.00 0.86 0.93
325.1{325.2] 30 [LTCURVE |LT CURVE 1.00 1.00 0.90 |Primarily Ditch 0.94 0.86 1.00 0.97 0.93 0.95
325.2(325.3] 31 |[TANGENT |TANGENT 1.00 1.00 1.00 [Primarily Ditch 0.97 0.98 1.00 1.00 0.98 0.99
325.3|325.4] 32 |TANGENT [TANGENT 1.00 1.00 1.00 [Primarily Ditch 1.00 0.92 1.00 1.00 0.97 0.99
325.4[325.5] 33 |[TANGENT |TANGENT 1.00 0.95 1.00 [Primarily Ditch 1.00 0.81 1.00 0.98 0.94 0.96
325.5[325.6] 34 [RT CURVE |RT CURVE 1.00 1.00 1.00 [Primarily Ditch 1.00 0.77 1.00 1.00 0.92 0.96
325.6(325.7 35 |TANGENT |TANGENT 1.00 1.00 1.00 |Primarily Ditch 0.98 0.91 1.00 1.00 0.96 0.98
325.7(325.8] 36 |TANGENT |TANGENT 1.00 0.95 1.00 |Primarily Ditch 0.95 0.93 1.00 0.98 0.96 0.97
325.8(325.9] 37 |[TANGENT |TANGENT 1.00 0.90 1.00 [Primarily Ditch 1.00 0.88 1.00 0.97 0.96 0.96
325.9| 326 [ 38 |TANGENT |TANGENT 1.00 0.90 1.00 |Primarily Ditch 1.00 0.92 0.92 0.97 0.95 0.96
326 | 326.1f 39 |TANGENT [TANGENT 1.00 1.00 1.00 [Primarily Ditch 1.00 0.91 1.00 1.00 0.97 0.98
326.1) 326.2[ 40 |TANGENT [TANGENT 1.00 0.95 1.00 [Primarily Ditch 1.00 0.85 0.81 0.98 0.89 0.94
326.2[326.3] 41 |TANGENT |CURVE TRANSITION | 1.00 0.98 1.00 | Primarily Ditch 0.99 0.94 1.00 0.99 0.98 0.98
326.3|3264| 42 |LT CURVE |LT CURVE 1.00 1.00 0.90 |Various Drainage | 0.94 0.97 1.00 0.97 0.97 0.97
326.4| 326.5( 43 |LT CURVE |LT CURVE 1.00 1.00 1.00 |Primarily Ditch 0.97 0.83 1.00 1.00 0.93 0.97
326.5|326.6)] 44 |LTCURVE |[LT CURVE 1.00 1.00 0.90 | Primarily Ditch 1.00 0.77 1.00 0.97 0.92 0.94
326.6) 326.7) 45 |TANGENT |CURVE TRANSITION [ 1.00 1.00 0.80 | Primarily Ditch 1.00 0.75 1.00 0.93 0.91 0.92
326.7| 326.8 TANGENT |TANGENT 1.00 1.00 1.00 |Various Drainage | 0.99 0.92 1.00 1.00 0.97 0.99
326.8| 326.9| 47 |TANGENT |[TANGENT 1.00 0.95 0.80 | Primarily FS 0.99 0.98 1.00 0.92 0.99 0.95
326.9] 327 | 48 |RTCURVE |RT CURVE 1.00 1.00 1.00 |Primarily Ditch 0.98 0.99 1.00 1.00 0.99 1.00
327 |327.1] 49 |RT CURVE |RT CURVE 1.00 1.00 1.00 |Primarily Ditch 1.00 0.82 1.00 1.00 0.94 0.97
327.1)327.2] 50 |RT CURVE |RT CURVE 1.00 1.00 1.00 | Primarily Ditch 0.99 0.96 1.00 1.00 0.99 0.99
327.2|327.3| 51 [TANGENT |CURVE TRANSITION | 1.00 0.98 1.00 [Primarily Ditch 1.00 0.86 1.00 0.99 0.95 0.97
327.3|327.4] 52 |TANGENT |TANGENT 1.00 0.95 1.00 |Primarily FS 1.00 0.95 1.00 0.98 0.98 0.98
327.4[327.5] 53 |[TANGENT |TANGENT 1.00 1.00 1.00 |Primarily FS 0.98 1.00 1.00 1.00 0.99 1.00
327.5|327.6] 54 [TANGENT |TANGENT 1.00 1.00 1.00 [Primarily Ditch 1.00 0.99 1.00 1.00 1.00 1.00
327.6(327.7] 55 |[TANGENT |TANGENT 1.00 0.90 1.00 |Primarily Ditch 1.00 0.93 1.00 0.97 0.98 0.97
327.7(327.8] 56 |TANGENT |TANGENT 1.00 | 95.00 [ 0.90 [Primarily Ditch 1.00 0.94 1.00 32.30 0.98 16.64
327.8(327.9] 57 |TANGENT |TANGENT 1.00 1.00 1.00 |Primarily Ditch 1.00 0.76 1.00 1.00 0.92 0.96
327.9| 328 58 [LT CURVE |LT CURVE 1.00 1.00 0.80 |Primarily Ditch 1.00 0.96 1.00 0.93 0.99 0.96
328 13281 59 |LTCURVE [LT CURVE 1.00 1.00 1.00 [Primarily FS 1.00 1.00 1.00 1.00 1.00 1.00
32813282 60 |RTCURVE |RT CURVE 1.00 1.00 0.90 [Primarily Ditch 0.99 0.94 1.00 0.97 0.98 0.97
328.2({328.3] 61 [RTCURVE |RT CURVE 0.99 1.00 1.00 [Primarily Ditch 1.00 0.94 1.00 1.00 0.98 0.99
328.3[328.4| 62 |TANGENT |CURVE TRANSITION [ 1.00 1.00 1.00 [Primarily Ditch 1.00 0.88 1.00 1.00 0.96 0.98
328.4[3285[ 63 |TANGENT |TANGENT 1.00 1.00 1.00 |Primarily FS 0.99 0.96 1.00 1.00 0.99 0.99
328.5[328.6] 64 [TANGENT |TANGENT 0.94 1.00 0.90 |Primarily FS 1.00 0.92 1.00 0.95 0.97 0.96
328.6(328.7| 65 |RT CURVE |RT CURVE 1.00 1.00 1.00 | Primarily FS 0.91 1.00 1.00 1.00 0.97 0.98
328.7(328.8] 66 |RT CURVE |RT CURVE 1.00 1.00 1.00 | Primarily FS 1.00 1.00 1.00 1.00 1.00 1.00
328.8[328.9] 67 |TANGENT |CURVE TRANSITION [ 0.57 1.00 1.00 [Primarily Ditch 1.00 0.99 1.00 0.86 1.00 0.93
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Table 30 indicates that potential issues along US 69 might occur with ditch depth because many
sections have ratings less than 1.00, and some sections have ratings less than 0.80. All front
slopes are at least 4H:1V, with many at 6H:1V or flatter. The front slope conclusion comes from
the fact that all front slope ratings are between 0.90 and 1.00. Unfortunately, US 69’s traffic
volume and speed limit create a desire for as flat of front slopes as possible, so significant ditch
deepening might not be feasible. The surface drainage rating presented within this report allows
engineers to weigh these options with a new piece of network-level information.

FM 1687/—BRYAN DISTRICT

Table 31 shows the network-level surface drainage rating for FM 1687 in the Bryan District.
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Table 31. FM 1687 Surface Drainage Rating Summary.

Roadway Surface

RT
RT Cross Hydro-

RT

Front Ditch Ditch Combined Combined Overall

RT

Roadside Surface

RT

Overall
Rating

Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating Rating  Rating to 100
609.9]610.0] 1 [RTCURVE [RT CURVE 0.87 | 1.00 | 0.70 [Primarily Ditch] 0.96 [ 0.95 [ 1.00 [ 0.86 0.97 0.91
610.0[610.1] 2 [LTCURVE |LT CURVE 0.88 | 0.98 | 0.70 [Primarily Ditch| 0.97 | 1.00 | 1.00 [ 0.85 0.99 0.92
610.1]610.2] 3 [TANGENT |TANGENT 094 | 0.66 | 0.80 [Primarily Ditch| 0.95 | 1.00 | 1.00 | 0.80 0.98 0.89 89
610.2[610.3] 4 [TANGENT [TANGENT 0.88 | 0.61 | 0.80 [Primarily Ditch[ 0.97 [ 1.00 | 1.00 [ 0.76 0.99 0.88 88
610.3]610.4| 5 [LTCURVE |OUT OF SHAPE 092 | 0.00 | 0.80 [Primarily Fs | 0.96 | 1.00 | 1.00 | 057 0.99 0.78 78
610.4]610.5| 6 |[LTCURVE |OUT OF SHAPE 0.88 | 0.00 | 0.80 [Primarily Ditch| 0.92 | 1.00 | 1.00 | 0.56 0.97 0.77 77
610.5/610.6] 7 [LTCURVE |OUT OF SHAPE 092 | 0.00 | 0.80 [Primarily Ditch| 0.94 | 1.00 | 1.00 [ 0.57 0.98 0.78 78
610.6/610.7] 8 [TANGENT |[TANGENT 088 | 0.73 | 0.70 [Primariy Fs [ 0.97 [ 1.00 | 1.00 [ 0.77 0.99 0.88 88
610.7[610.8] 9 [TANGENT |TANGENT 0.79 | 0.65 | 0.90 [Primarily Ditch| 1.00 | 0.97 | 1.00 | 0.78 0.99 0.88 88
610.8]610.9] 10 [TANGENT |TANGENT 0.88 | 0.50 | 0.80 [Primarily Ditch| 0.90 [ 1.00 | 1.00 | 0.72 0.97 0.85 85
610.9]611.0] 11 [RTCURVE [RT CURVE 0.84 | 1.00 | 0.80 [Primarily Ditch| 0.97 [ 0.89 | 1.00 | 0.88 0.96 0.92
611.0[611.1] 12 [RTCURVE |RT CURVE 0.89 | 1.00 | 0.90 [Primarily Ditch| 0.97 [ 0.90 | 1.00 | 0.93 0.96 0.94
611.1]611.2] 13 [RTCURVE |RT CURVE 1.00 | 1.00 | 0.70 |Primarily Ditch| 0.98 [ 0.92 | 1.00 [ 0.90 0.97 0.93
611.2[611.3] 14 [RTCURVE [RT CURVE 1.00 | 1.00 | 0.70 |Primarily Ditch| 0.95 [ 1.00 | 1.00 [ 0.90 0.98 0.94
611.3]611.4] 15 [RTCURVE [RT CURVE 091 | 1.00 | 0.90 [Primarily Ditch| 0.96 | .00 | 1.00 | 0.94 0.99 0.96
611.4]611.5] 16 [TANGENT |CURVE TRANSITION | 0.87 | 0.84 | 0.80 |Primarily Ditch| 0.96 | 1.00 | 1.00 | 0.84 0.99 091
611.5]611.6] 17 [TANGENT |TANGENT 0.88 | 0.68 | 0.80 [Primarily Ditch| 0.97 | 1.00 | 1.00 | 0.79 0.99 0.89 89
611.6/611.7] 18 [TANGENT |TANGENT 0.82 | 0.73 | 0.70 [Primarily Ditch| 1.00 [ 0.93 | 1.00 | 0.75 0.98 0.86 86
611.7]611.8] 19 [TANGENT |TANGENT 0.78 | 0.74 | 0.80 [Primarily Ditch| 1.00 [ 0.94 | 1.00 | 0.7 0.98 0.88 88
611.8]611.9] 20 [TANGENT |TANGENT 0.82 | 0.19 | 0.90 [Primarily Ditch| 1.00 [ 0.85 | 0.78 | 0.64 0.88 0.76 76
611.9]612.0] 21 [TANGENT |TANGENT 0.74 | 0.19 | 0.90 [Primarily Ditch| 1.00 [ 0.92 | 1.00 | o0.61 0.97 0.79 79
612.0[612.1] 22 [TANGENT |CURVE TRANSITION | 0.91 | 0.59 | 0.80 [Primarily Ditch| 1.00 [ 0.97 [ 1.00 [ 0.7 0.99 0.88 88
612.1]612.2] 23 [RTCURVE |RT CURVE 0.81 | 1.00 | 0.80 [Primarily Ditch| 1.00 [ 0.96 | 1.00 | 0.87 0.99 0.93
612.2|612.3] 24 [RTCURVE [RT CURVE 0.83 | 1.00 | 0.90 [Primarily Ditch| 1.00 | 0.88 | 1.00 | 0.91 0.96 0.93
612.3[612.4] 25 |[RTCURVE [CURVE TRANSITION [ 0.81 | 0.46 | 0.80 |Primarily Ditch| 1.00 | 0.93 | 1.00 | 0.69 0.98 0.83
612.4]612.5] 26 [TANGENT [OUT OF SHAPE 092 | 0.00 | 0.70 [Primarily Ditch| 1.00 [ 0.93 | 0.64 | 054 0.86 0.70
612.5/612.6] 27 |[TANGENT |OUT OF SHAPE 0.87 | 0.00 | 0.80 [Primarily Ditch| 1.00 [ 0.92 | 0.90 | 0.56 0.94 0.75 75
612.6/612.7] 28 [RTCURVE |[CURVE TRANSITION | 0.88 | 0.41 | 0.80 |Primarily Ditch| 0.99 | 1.00 | 1.00 [ 0.69 1.00 0.85 85
612.7]612.8] 29 [RTCURVE |RT CURVE 0.88 | 0.81 | 0.90 [Primarily Ditch| 1.00 [ 0.78 | 1.00 [ 0.86 0.93 0.89 89
612.8]612.9] 30 [RTCURVE [CURVE TRANSITION | 0.78 | 0.41 | 0.80 [Primarily Ditch| 1.00 [ 0.74 | 0.68 | 0.66 0.81 073 73
612.9]613.0] 31 [TANGENT |OUT OF SHAPE 0.71 | 0.00 | 0.90 [Primarily Ditch| 1.00 | 0.83 | 0.99 | 0.54 0.94 0.74 74
613.0[613.1] 32 [LTCURVE |OUT OF SHAPE 0.74 | 0.00 | 0.90 [Primarily Ditch| 1.00 [ 0.76 | 1.00 | 0.55 0.92 0.73 73
613.1]613.2] 33 [LTCURVE [OUT OF SHAPE 0.74 | 0.00 | 0.80 [Primarily Ditch| 0.99 [ 0.80 | 1.00 [ 0.51 0.93 072 72
613.2[613.3] 34 [TANGENT |TANGENT 076 | 0.60 | 0.90 [PrimarilyFs | 1.00 [ 0.92 | 1.00 | 0.75 0.97 0.86 86
613.3]613.4] 35 [TANGENT |TANGENT 0.75 | 0.45 | 0.70 [Primarily Fs | 1.00 [ 0.93 | 1.00 | 0.63 0.98 0.81 81
613.4]613.5] 36 [TANGENT |[TANGENT 073 | 0.22 | 0.70 [Primarily Ditch| .00 [ 0.72 | 1.00 [ 055 0.90 073 73
613.5/613.6]| 37 |TANGENT |OUT OF SHAPE 0.72 | 0.00 | 0.80 [Primarily Ditch| 0.99 | 0.87 | 1.00 | 051 0.95 073 73
613.6/613.7] 38 [TANGENT |[CURVE TRANSITION | 0.71 | 0.00 | 0.80 [Primarily Ditch| 0.98 [ 0.73 | 1.00 [ 0.50 0.90 0.70 70
6137(613.8] 39 |LTCURVE |LT CURVE 0.71 | 092 | 1.00 |Primarily Ditch| 0.96 | .00 | 100 | 088 | 099 | o093 |NNNNGSNNN
613.8]613.9] 40 [LTCURVE [CURVE TRANSITION | 0.76 | 0.82 | 0.70 [Primarily Ditch] 0.98 [ 1.00 [ 1.00 [ 0.76 0.99 0.88 88
613.9]614.0] 41 [TANGENT [CURVE TRANSITION | 0.68 | 0.82 | 0.80 [Primarily Ditch| 0.97 [ 0.97 [ 1.00 [ 0.7 0.98 0.87 87
614.0[614.1] 42 [LTCURVE |LT CURVE 0.68 | 0.72 | 0.80 [Primarily Ditch| 0.95 [ 0.81 | 1.00 | 0.73 0.92 0.83 83
614.1]614.2] 43 [LTCURVE [LT CURVE 0.71 | 0.72 | 0.90 [Primarily Ditch| 0.94 [ 0.94 [ .00 [ 0.78 0.96 0.87 87
614.2(6143] 44 |LTCURVE |LT CURVE 0.75 | 0.72 | 1.00 |Primarily Ditch| £.00 | 0.98 | .00 | 08 | 099 | oot H
614.3]614.4] 45 [TANGENT |TANGENT 0.65 | 0.80 | 0.70 [Primarily Ditch| 1.00 [ 0.80 | 1.00 | 0.72 0.93 0.82 82

Section 26 along FM 1687 has the lowest rating of 70. Section 26 is plagued by being out of
shape, with a 0.70 hydroplaning rating, and a flat ditch line. The measurements that lead to the

rating indicate the roadside slope in Section 26 is approximately 0.6 percent and the

hydroplaning speed is 53 mph. Again, the deduction in hydroplaning speed is based on the
posted speed limit of 70 mph along FM 1687. Figure 56 displays Section 26.
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Figure 56. Sect
FM 2818—BRYAN DISTRICT

Table 32 presents the rating results for FM 2818 in the Bryan District. Additional drill-down
techniques similar to those described with the previous sections can be performed.

Table 32. FM 2818 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface Overall

RT RT Cross Hydro- RT Front RT Ditch RT Ditch Combined Combined Overall Rating
Begin End Alignment Width  Slope planing RT Roadside  Slope Depth Slope  Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating  Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
409.3|1409.4] 1 |TANGENT |TANGENT 0.50 0.30 1.00 |Primarily Ditch| 1.00 1.00 1.00 0.60 1.00 0.80 80
409.41409.5] 2 |TANGENT |TANGENT 0.38 0.34 1.00 |Primarily Ditch| 1.00 0.99 1.00 0.58 1.00 0.79 79
409.5|409.6] 3 [TANGENT |TANGENT 099 | 025 1.00 |Primarily Ditch| 0.99 1.00 1.00 0.75 1.00 0.87 87
409.6/409.7| 4 [TANGENT |TANGENT 100 | 0.49 1.00 |Primarily Ditch| 1.00 0.94 1.00 0.83 0.98 0.90
409.7[409.8] 5 [TANGENT [TANGENT 093 | 050 [ 1.00 [Primarily Ditch| 1.00 | 0.96 1.00 0.81 0.99 090 | 90 |
409.8|409.9] 6 [TANGENT |TANGENT 0.96 | 0.78 1.00 |Primarily FS 0.96 1.00 1.00 0.91 0.99 0.95
409.91410.0f 7 |RT CURVE |CURVE TRANSITION | 0.95 0.89 1.00 |Primarily FS 0.95 0.23 1.00 0.94 0.73 0.84 84
410.0{410.1] 8 |RT CURVE [RT CURVE 0.57 1.00 1.00 |Primarily Ditch| 1.00 1.00 1.00 0.86 1.00 0.93
410.11410.2| 9 |RT CURVE [RT CURVE 0.36 1.00 1.00 |Primarily FS 0.99 1.00 1.00 0.79 1.00 0.89 89
410.21410.3] 10 |RT CURVE [RT CURVE 0.38 1.00 1.00 [Primarily FS 0.99 1.00 1.00 0.79 1.00 0.90 90
410.3|1410.4| 11 [RT CURVE |[RT CURVE 0.39 1.00 1.00 [Primarily Ditch| 1.00 1.00 1.00 0.80 1.00 0.90 90
410.4[410.5 12 |RT CURVE |RT CURVE 049 | 1.00 1.00 |Primarily Ditch| 1.00 1.00 1.00 0.83 1.00 0.92
410.5[410.6] 13 |TANGENT |TANGENT 043 | 0.95 1.00 |Primarily Ditch| 1.00 1.00 1.00 0.79 1.00 0.90 90
410.61410.7| 14 |TANGENT [TANGENT 0.97 0.90 1.00 [Primarily Ditch| 0.99 0.96 1.00 0.96 0.98 0.97
410.71410.8| 15 |TANGENT [TANGENT 0.52 0.90 1.00 [Primarily FS 1.00 0.84 1.00 0.81 0.95 0.88 88
410.8|410.9] 16 |TANGENT [TANGENT 0.42 0.90 1.00 [Primarily Ditch| 1.00 0.99 1.00 0.77 1.00 0.88 88
410.91411.0f 17 [TANGENT [TANGENT 0.52 0.90 1.00 [Primarily Ditch| 1.00 0.99 0.99 0.81 0.99 0.90 90
411.0{411.1| 18 |TANGENT |[TANGENT 0.57 1.00 1.00 [Primarily Ditch| 1.00 1.00 1.00 0.86 1.00 0.93
411.1)1411.2] 19 [TANGENT [TANGENT 0.55 1.00 1.00 [Primarily Ditch| 1.00 1.00 1.00 0.85 1.00 0.93
411.2[411.3] 20 [LT CURVE [OUT OF SHAPE 057 | 0.00 | 1.00 [Primarily Ditch| 0.99 1.00 1.00 0.52 1.00 0.76
4113|4114 21 |TANGENT |[TANGENT 0.48 1.00 1.00 [Primarily Ditch| 1.00 1.00 1.00 0.83 1.00 0.91
411414115 22 |LT CURVE |[CURVE TRANSITION | 0.44 1.00 1.00 [Primarily FS 0.97 1.00 1.00 0.81 0.99 0.90
4115|4116 23 |LT CURVE [LT CURVE 0.47 1.00 1.00 [Primarily FS 0.94 0.23 1.00 0.82 0.73 0.77 7
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SH 30—BRYAN DISTRICT

Table 33 presents the rating results for SH 30 in the Bryan District.

Table 33. SH 30 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Overall

RT Cross Hydro- Front Ditch Ditch Combined Combined Overall Rating
Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton ~ Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
624.8(624.9] 1 |TANGENT |TANGENT 0.55 | 0.53 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.91 0.69 0.97 0.83 83
624.9(625.0) 2 |TANGENT |[TANGENT 0.55 | 0.64 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.93 0.73 0.98 0.85 85
625.0{625.1] 3 |TANGENT |[TANGENT 0.70 [ 0.91 | 1.00 |Primarily FS 1.00 | 1.00 | 1.00 0.87 1.00 0.94
625.11625.2 4 |TANGENT |TANGENT 0.65 | 0.87 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.93 0.84 0.98 0.91
625.2(625.3] 5 |TANGENT |OUT OF SHAPE| 0.53 | 0.00 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.92 0.51 0.97 0.74 74
625.3(625.4] 6 |TANGENT |[TANGENT 0.56 | 0.84 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.92 0.80 0.97 0.89 89
625.4(625.5| 7 |TANGENT |[TANGENT 0.55 | 0.82 | 1.00 |Primarily Ditch| 1.00 | 1.00 | 0.96 0.79 0.99 0.89 89

FM 136—CORPUS CHRISTI DISTRICT

Table 34 presents the results for FM 136 in the Corpus Christi District. Along FM 136, from
approximately Section 24 to Section 41, the roadway has been widened. The traveled way width
ratings clearly indicate this change since the ratings for sections before and after these sections
are well below 0.7 but are often at 1.0 through the widened sections. FM 136 was plagued by
out-of-shape sections with flat ditch lines. Flat ditches are to be expected in the Corpus Christi
District as the terrain flattens through the coastal plains. Front slope ratings are typically 1.0,
indicating front slopes are at least as flat as 6H:1V and implying that some ditch deepening could
be performed without compromising safety. A detailed analysis of this can be done at the project
level and is discussed in significant detail in the US 75—Paris District project level application
section.
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Table 34. FM 136 Surface Drainage Rating Summary.

RT Cross Hydro-

RT

Roadway Surface

RT

Front Ditch Ditch Combined Combined

RT

Roadside Surface

RT

Overall

Overall
Rating

Begin End Alignment Width Slope planing RT Roadside  Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating to 100
581.0(58L.1] 1 |TANGENT |TANGENT 057 | 0.77 | 0.90 [Primarily Ditch | 1.00 | 0.94 [ 1.00 | 0.75 0.98 0.86 86
581.1[581.2] 2 |TANGENT [TANGENT 0.60 [ 0.50 [ 0.90 [Primarily Ditch [ 1.00 | 0.92 [ 1.00 | 0.67 0.97 0.82 82
581.2[581.3] 3 |TANGENT |TANGENT 0.60 | 0.34 [ 0.90 [Primarily Ditch | 1.00 | 0.92 [ 1.00 | o0.61 0.97 0.79 79
581.3(581.4] 4 |TANGENT |TANGENT 061 | 0.61 [ 0.80 [Primarily Ditch | 1.00 | 0.94 | 1.00 | 0.67 0.98 0.83 83
581.4[581L5] 5 |TANGENT |TANGENT 0.63 | 0.36 [ 0.90 [Primarily Ditch | 1.00 | 0.93 [ 1.00 | 0.63 0.98 0.80 80
581.5[581.6] 6 |TANGENT [TANGENT 0.60 | 0.65 [ 0.90 [Primarily Ditch | 1.00 | 0.91 | 1.00 | 0.71 0.97 0.84 84
581.6]58L.7] 7 [TANGENT [TANGENT 050 [ 0.63 [ 0.90 [Primarily Ditch | 1.00 | 0.85 | 1.00 | 0.68 0.95 0.81 81
581.7[581.8] 8 |TANGENT [OUT OF SHAPE 052 | 0.00 [ 0.70 [Primarily Ditch | 1.00 | 0.88 | 1.00 | 0.41 0.96 0.68

581.8]581.9] 9 [TANGENT [OUT OF SHAPE 0.40 [ 0.00 [ 0.70 [Primarily Ditch [ 1.00 | 0.85 [ 0.63| 0.37 0.83 0.60

581.9]582.0] 10 [TANGENT [TANGENT 030 | 054 | 0.70 [Primarily Ditch [ 1.00 [ 0.91 [ 0.57 [ 051 0.83 0.67
582.0(582.1] 11 [RTCURVE [OUT OF SHAPE 052 | 0.00 [ 1.00 [Primarily Ditch | 1.00 | 0.91 | 0.42 | 0.51 0.77 0.64

582.1[582.2] 12 [RTCURVE [OUT OF SHAPE 057 [ 0.00 [ 0.80 [Primarily Ditch | 1.00 | 0.89 | 0.46 | 0.46 0.78 0.62

582.2(582.3] 13 |TANGENT [TANGENT 053 | 0.36 [ 0.90 [Primarily Ditch | 1.00 | 0.93 | 0.81 | 0.60 091 0.75 75
582.3]582.4] 14 [TANGENT [OUT OF SHAPE 0.55 [ 0.00 [ 0.90 [Primarily Ditch [ 1.00 | 0.92 [ 1.00 | 0.48 0.97 0.73 73
582.4|582.5] 15 [TANGENT [OUT OF SHAPE 0.50 [ 0.00 [ 0.80 [Primarily Ditch | 1.00 | 0.95 | 1.00 | 0.43 0.98 0.71 71
582.5/582.6] 16 |TANGENT [TANGENT 036 | 0.83 | 0.80 [Primarily Ditch [ 1.00 [ 0.97 [ 0.87 [ 0.66 095 0.81 81
582.6]582.7] 17 |TANGENT [TANGENT 051 | 079 | 0.80 [Primarily Ditch [ 1.00 [ 0.96 | 1.00 [ 0.70 0.99 0.84 84
582.7|582.8] 18 |TANGENT |[TANGENT 0.35 | 0.63 | 0.80 [Primarily Ditch [ 1.00 | 0.95 [ 0.89 [ 0.59 0.95 0.77 77
582.8]582.9] 19 [TANGENT [TANGENT 050 | 0.66 | 0.80 [Primarily Ditch [ 1.00 [ 0.85 [ 0.84 [ 0.65 0.90 0.78 78
582.9]583.0 20 |TANGENT [TANGENT 0.08 | 0.82 | 0.70 [Primarily Ditch [ 1.00 | 0.85 | 1.00 [ 053 0.95 0.74 74
583.0[583.1] 21 [TANGENT [TANGENT 0.00 | 0.61 | 0.80 [Primarily Ditch [ 1.00 [ 0.92 [ 1.00 [ 0.47 0.97 0.72 72
583.1[583.2] 22 |[TANGENT [OUT OF SHAPE 0.00 | 0.00 | 0.70 [Primarily Ditch [ 1.00 | 0.87 | 1.00 [ 0.23 0.96 0.59

583.2[583.3] 23 |TANGENT [TANGENT 0.24 | 057 | 0.80 [Primarily Ditch [ 1.00 | 0.75 [ 1.00 | 0.54 0.92 0.73
583.3|583.4] 24 [TANGENT [TANGENT 1.00 | 0.78 | 0.80 |Primarily Ditch | 0.96 [ 0.88 [ 1.00 [ 0.86 095 0.90
583.4|583.5] 25 |TANGENT |[TANGENT 1.00 | 0.83 | 0.50 |Various Drainage | 0.90 | 1.00 | 1.00 | 0.78 0.97 0.87
583.5/583.6] 26 |TANGENT [TANGENT 1.00 | 0.88 | 0.70 [Primarily Ditch [ 0.84 [ 1.00 [ 1.00 [ 0.86 0.95 0.90
583.6]583.7] 27 |TANGENT [TANGENT 1.00 | 0.80 | 0.70 [Primarily Ditch | 0.90 [ 1.00 [ 1.00 [ 0.83 0.97 0.90 90
583.7]583.8] 28 [TANGENT [TANGENT 1.00 | 0.68 | 0.50 [Primarily Ditch [ 0.99 [ 0.89 [ 1.00 [ 073 0.96 0.84 84
583.8]583.9] 29 |TANGENT [TANGENT 0.88 | 0.51 [ 0.70 [Primarily Ditch | 0.98 | 1.00 | 0.99 | 0.70 0.99 0.84 84
583.9]584.0] 30 [TANGENT [TANGENT 1.00 | 0.86 | 0.50 [Primarily Ditch [ 0.99 [ 0.98 [ 0.55 [ 0.79 0.84 0.81 81
584.0(584.1] 31 [LTCURVE [OUT OF SHAPE 0.82 [ 0.00 [ 0.70 [Primarily Ditch | 1.00 | 0.98 | 1.00 | 0.51 0.99 0.75 75
584.1(584.2] 32 [LTCURVE [OUT OF SHAPE 0.70 | 0.00 [ 0.90 [Primarily FS 1.00 | 1.00 | 1.00 | 053 1.00 0.77 77
584.2|584.3] 33 [TANGENT [TANGENT 0.98 [ 0.81 [ 0.50 [Primarily Ditch [ 1.00 | 1.00 [ 100 | 0.7 1.00 0.88 88
584.3(584.4] 34 |TANGENT [TANGENT 1.00 [ 0.81 | 0.70 |Primarily Ditch | 1.00 | 0.93 | 1.00 | 084 | 098 | oo |[NNOINNN
584.4|584.5] 35 [TANGENT [TANGENT 1.00 | 0.83 | 050 [Primarily Ditch [ 1.00 [ 0.010 [ 0.99 [ 0.78 0.96 0.87 87
584.5|584.6] 36 |TANGENT |TANGENT 095 | 0.84 | 0.70 [Primarily Ditch | 1.00 [ 0.83 [ 0.87 | 0.83 0.90 0.87 87
584.6]584.7] 37 [TANGENT [TANGENT 1.00 [ 0.71 | 0.70 [Primarily Ditch [ 0.99 [ 0.95 [ 1.00 [ 0.80 0.98 0.89 89
584.7|584.8] 38 |TANGENT [TANGENT 1.00 | 0.88 | 0.70 |Primarily Ditch | 0.94 [ 1.00 [ 1.00 [ 086 0.98 0.92
584.8[584.9] 39 |TANGENT [TANGENT 0.94 | 0.91 | 0.80 [Primarily Ditch | 0.70 | 1.00 [ 1.00 | 0.88 0.90 089 | 89 |
584.9]585.0] 40 [TANGENT [TANGENT 093 | 0.81 | 0.70 [Primarily Ditch [ 0.97 [ 1.00 [ 1.00 [ o0.81 0.99 0.90
585.0(585.1] 41 [TANGENT [TANGENT 0.89 | 0.85 | 0.70 [Primarily Ditch [ 0.99 [ 0.96 [ 1.00 [ o0.81 0.98 0.90 90
585.1(585.2] 42 [TANGENT [TANGENT 073 | 055 | 0.70 [Primarily Ditch [ 1.00 [ 0.83 [ 0.69 [ 0.66 0.84 0.75 75
585.2|585.3] 43 |TANGENT [OUT OF SHAPE 0.73 | 0.00 | 0.70 [Primarily Ditch [ 0.94 | 0.86 | 0.87 | 0.48 0.89 0.68

585.3]585.4] 44 [TANGENT [TANGENT 071 | 0.82 | 0.70 [Primarily Ditch [ 0.84 [ 0.41 [ 0.52 [ 0.74 0.59 0.66
585.4|585.5] 45 [RTCURVE [OUT OF SHAPE 0.62 | 0.00 | 050 [Primarily Ditch [ 1.00 [ 0.77 [ 0.53 [ 0.37 0.77 057

585.5(585.6] 46 |RTCURVE |OUT OF SHAPE 0.73 | 0.00 | 0.90 [Primarily Ditch [ 1.00 | 0.85 | 0.54 | 0.54 0.80 0.67

585.6]585.7] 47 |RTCURVE [OUT OF SHAPE 054 | 0.00 | 050 [Primarily Ditch [ .00 [ 0.90 [ 1.00 [ 0.35 0.97 0.66

585.7|585.8] 48 |TANGENT |[TANGENT 081 | 0.86 | 0.50 [Primarily Ditch [ 1.00 [ 0.81 [ 0.17 [ 0.72 0.66 0.69
585.8]585.9] 49 [TANGENT [TANGENT 057 | 057 | 050 [Primarily Ditch [ 1.00 [ 0.77 [ 0.27 [ 055 0.68 0.61
585.9]586.0] 50 [LTCURVE [CURVE TRANSITION | 0.75 | 0.66 | 0.50 [Primarily Ditch | 1.00 | 0.78 | 0.67 | 0.64 0.81 0.72 72
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586.0]586.1] 51 [LTCURVE |LT CURVE 055 [ 0.74 [ 0.90 [Primarily Ditch | 1.00 [ 0.89 [ 1.00 [ 0.73 0.96 0.85 85
586.1]586.2] 52 |TANGENT [TANGENT 0.82 | 0.67 | 0.70 [Primarily Ditch | 1.00 | 0.92 [ 056 | 0.73 0.83 0.78 78
586.2|586.3] 53 |TANGENT [OUT OF SHAPE 0.81 | 0.00 [ 0.70 [Primarily Ditch | 1.00 | 0.96 | 0.82 | 0.50 0.93 0.72 72
586.3]586.4] 54 |[TANGENT [OUT OF SHAPE 0.78 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 1.00 [ 1.00 | 0.49 1.00 0.75 75
586.4(586.5] 55 |TANGENT |TANGENT 0.63 | 0.79 [ 0.80 [Primarily FS 100|076 | 059 | 074 | o078 0.76 76
586.5]586.6] 56 |TANGENT [OUT OF SHAPE 0.71 | 0.00 | 050 [Primarily Ditch | 0.99 | 0.89 [ 0.94 | 0.40 0.94 0.67
586.6]586.7] 57 |TANGENT [OUT OF SHAPE 0.70 | 0.00 [ 0.70 [Primarily Ditch | 1.00 | 0.77 | 1.00 | 0.47 0.92 0.70
586.7|586.8] 58 |TANGENT |TANGENT 053 | 0.81 | 0.70 [Primarily Ditch | 1.00 [ 0.88 | 1.00 | 0.68 0.96 0.82 82
586.8]586.9] 59 |TANGENT [OUT OF SHAPE 050 | 0.00 | 0.70 [Primarily Ditch | 1.00 [ 0.96 | 1.00 | 0.40 0.99 0.69
586.9|587.0] 60 |TANGENT [OUT OF SHAPE 0.68 | 0.00 | 0.80 [Primarily Ditch | 1.00 [ 0.94 | 0.67 | 0.49 0.87 0.68
587.0[587.1] 61 |[TANGENT |TANGENT 0.72 | 0.74 | 1.00 [Primarily Ditch | 1.00 [ 0.91 [ 0.46 | 0.81 0.79 0.80 80
587.1|587.2] 62 |TANGENT [TANGENT 0.70 | 0.45 [ 0.80 [Primarily Ditch | 1.00 | 0.90 | 1.00 | 0.65 0.97 0.81 81
587.2|587.3] 63 |TANGENT |[TANGENT 0.72 | 0.17 | 1.00 [Primarily Ditch | 1.00 | 0.91 [ 071 | 0.63 0.87 0.75 75
587.3|587.4] 64 |[TANGENT [TANGENT 071 | 0.39 | 0.80 [Primarily Ditch | 1.00 | 0.91 | 0.80 [ 0.63 0.90 0.77 7
587.4|587.5] 65 |TANGENT [TANGENT 0.73 | 0.55 | 0.90 [Primarily Ditch | 1.00 [ 0.93 | 0.77 | 0.73 0.90 0.81 81
587.5|587.6] 66 |TANGENT |[TANGENT 071 | 0.24 | 0.70 |Primarily Ditch | 1.00 | 0.83 | 1.00 [ 055 0.94 0.75 75
587.6]587.7] 67 |TANGENT [OUT OF SHAPE 0.70 | 0.00 | 0.80 [Primarily Ditch [ 1.00 [ 0.88 | 1.00 [ 0.50 0.96 0.73 73
587.7|587.8] 68 |TANGENT [OUT OF SHAPE 056 | 0.00 | 0.70 [Primarily Ditch | 1.00 [ 0.87 | 1.00 [ 0.42 0.96 0.69
587.8[587.9] 69 [TANGENT [OUT OF SHAPE 0.71 [ 0.00 | 0.70 [Primarily Ditch [ 0.98 | 0.90 [ 1.00 | 0.47 0.96 0.71
587.9]588.0 70 |[TANGENT [OUT OF SHAPE 0.71 | 0.00 | 0.70 [Primarily Ditch | 1.00 [ 0.92 | 0.73 | 0.47 0.88 0.68
588.0[588.1] 71 |[TANGENT |[TANGENT 0.63 | 0.63 | 0.70 [Primarily Ditch | 1.00 [ 0.91 | 0.70 [ 0.65 0.87 0.76 76
588.1[588.2] 72 |[TANGENT [TANGENT 0.25 | 0.84 | 0.70 [Primarily Ditch | 1.00 | 1.00 | 1.00 [ 0.60 1.00 0.80 80
588.2|588.3] 73 |[TANGENT [TANGENT 026 | 0.82 | 0.70 [Primarily Ditch | 1.00 | 1.00 | 1.00 [ 059 1.00 0.80 80
588.3]588.4] 74 [TANGENT [TANGENT 053 | 0.78 | 0.70 [Primarily Ditch | 1.00 [ 0.93 | 1.00 [ 0.67 0.98 0.82 82
588.4|588.5] 75 |RTCURVE |[OUT OF SHAPE 0.89 | 0.00 | 0.90 [Primarily Ditch | 1.00 [ 0.78 | 1.00 [ 0.60 093 0.76 76
588.5/588.6] 76 |RTCURVE [OUT OF SHAPE 073 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.76 [ 055 | 0.8 0.77 0.62
588.6]588.7] 77 |TANGENT |TANGENT 078 | 0.82 | 0.50 [Primarily Ditch | 1.00 | 0.88 [ 1.00 | 0.70 0.96 0.83 83
588.7|588.8] 78 |TANGENT [OUT OF SHAPE 077 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.91 [ 0.47 | 0.9 0.79 0.64
588.8]588.9] 79 |TANGENT [OUT OF SHAPE 0.63 | 0.00 | 0.70 |Primarily Ditch | 1.00 | 0.92 [ 1.00 | 0.44 0.97 0.71 71
588.9]580.0 80 |[TANGENT [OUT OF SHAPE 0.67 | 0.00 | 0.80 [Primarily Ditch | 1.00 | 0.92 [ 1.00 | 0.49 0.97 0.73 73
580.0(589.1] 81 [TANGENT [TANGENT 0.72 | 0.30 [ 0.50 [Primarily Ditch | 1.00 | 0.92 | 1.00 | 0.51 0.97 0.74 74
589.1[589.2] 82 [TANGENT [TANGENT 055 | 0.00 | 0.70 [Primarily Ditch | 1.00 | 0.94 [ 1.00 | 0.42 0.98 0.70
589.2|589.3] 83 |[TANGENT [TANGENT 0.00 | 0.25 | 0.80 [Primarily Ditch | 1.00 | 0.92 [ 1.00 | 0.35 0.97 0.66
580.3]580.4] 84 [LTCURVE [CURVE TRANSITION | 0.00 [ 0.13 | 0.80 [Primarily Ditch | 1.00 [ 0.92 | 0.64 | 0.31 0.85 0.58
580.4|589.5] 85 [LTCURVE [LT CURVE 0.38 | 0.00 | 1.00 [Primarily FS 1.00 [ 096 | 1.00 [ 046 0.99 0.72 72
589.5|580.6] 86 [LTCURVE [LT CURVE 0.76 | 0.00 | 0.90 [Primarily Ditch | 1.00 [ 0.94 | 1.00 [ 0.55 0.98 0.77 77
580.6]580.7] 87 |TANGENT [CURVE TRANSITION | 0.77 [ 0.00 | 0.70 [Primarily FS 1.00 [ 086 | 0.77 [ 0.49 0.88 0.68
580.7|580.8] 88 |TANGENT [OUT OF SHAPE 0.71 | 0.00 | 0.90 [Primarily FS 1.00 | 091 | 1.00 | o054 0.97 0.75 75
580.8]580.9] 89 |TANGENT [TANGENT 0.64 | 0.58 | 0.70 [Primarily FS 1.00 [ 090 | 056 [ 0.64 0.82 073 73
589.9/590.0 90 |[TANGENT [TANGENT 0.73 | 056 | 0.70 [Primarily Ditch [ 1.00 | 0.78 | 0.74 | 0.66 0.84 0.75 75
590.0[590.1] 91 [TANGENT |TANGENT 0.76 | 0.73 | 050 [Primarily Ditch | 1.00 [ 0.83 | 0.93 [ 0.66 0.92 0.79 79
500.1[590.2] 92 |[TANGENT [TANGENT 0.78 | 0.52 | 1.00 [Primarily Ditch | 1.00 [ 0.86 | 0.08 [ 0.77 0.65 071 71
590.2[590.3] 93 [TANGENT [TANGENT 0.77 | 0.82 | 0.80 |Primarily Ditch | 1.00 | 0.86 | 0.69 | 0.80 0.85 0.82 82
590.3]590.4] 94 [TANGENT [TANGENT 0.77 | 0.83 | 0.80 |Primarily Ditch | 1.00 | 0.78 | 1.00 [ 0.80 0.93 0.86 86
590.4|500.5| 95 [TANGENT [TANGENT 0.76 | 0.69 | 0.70 |Primarily Ditch | 1.00 | 0.85 | 0.96 [ 0.72 0.94 0.83 83
590.5/590.6] 96 |TANGENT [TANGENT 0.84 | 0.47 | 0.80 |Primarily Ditch | 1.00 [ 0.81 | 1.00 [ 0.70 0.94 0.82 82
590.6]590.7] 97 |TANGENT |[TANGENT 0.75 | 0.79 | 0.70 [Primarily Ditch [ 1.00 [ 0.83 [ 0.32 [ 0.75 0.72 0.73 73
590.7]590.8] 98 |TANGENT |TANGENT 0.76 | 0.54 | 0.70 [Primarily Ditch | 1.00 [ 0.80 | 0.51 [ 0.67 0.77 0.72 72
590.8/590.9] 99 |[TANGENT [OUT OF SHAPE 0.80 | 0.00 | 0.50 |Primarily Ditch | 1.00 [ 0.81 | 1.00 [ 043 0.94 0.69
590.9[591.0] 100 [TANGENT [OUT OF SHAPE 0.75 | 0.00 | 0.70 [Primarily Ditch | 1.00 [ 0.84 | 0.61 [ 0.8 0.81 0.65
591.0[591.1] 101 [TANGENT [TANGENT 0.78 | 0.41 | 0.70 [Primarily Ditch | 1.00 [ 0.81 [ 1.00 | 0.63 0.94 0.78 78
591.1[591.2] 102 |TANGENT |TANGENT 0.71 | 0.36 [ 0.70 [Primarily Ditch | 1.00 | 0.86 | 1.00 | 0.59 0.95 0.77 77
591.2[591.3] 103 [TANGENT [TANGENT 0.62 | 0.56 | 1.00 [Primarily Ditch | 1.00 [ 0.92 [ 1.00 | 0.73 0.97 0.85 85
591.3[591.4] 104 [TANGENT [TANGENT 071 | 0.34 | 0.80 [Primarily Ditch | 1.00 | 0.94 [ 1.00 | 0.62 0.98 0.80 80
591.4]591.5] 105 [TANGENT [TANGENT 0.66 | 0.62 | 0.50 [Primarily Ditch | 1.00 | 0.91 [ 0.60 | 059 0.84 0.72 72
501.5|591.6] 106 |[TANGENT |TANGENT 076 | 0.48 | 0.90 |Primarily Ditch | 1.00 | 0.89 [ 0.00 | 071 0.63 0.67
591.6/591.7] 107 |[TANGENT [OUT OF SHAPE 0.78 | 0.00 | 0.70 |Primarily Ditch | 1.00 | 0.92 | 0.89 [ 0.49 0.94 0.71
501.7]591.8] 108 |[TANGENT |TANGENT 071 | 0.37 | 050 [Primarily Ditch | 0.99 | 0.91 [ 047 | 053 0.79 0.66
501.8]591.9] 109 [TANGENT [TANGENT 079 | 0.21 | 0.70 |Primarily Ditch | 1.00 | 0.94 [ 0.86 | 056 0.93 0.75 75

Section 10 along FM 136 receives an overall drainage rating of 67
because of the width calculation. Figure 57 is a screenshot of Section 10 and clearly displays the
narrowness of the roadway with no edge striping. Additional drainage reductions come with the
flatness of the roadway and the flatness of the ditch flowline. Figure 58 is a digital rendering of
the right roadside created within the proof of concept code. Within this rendering, the same
elements noted in Figure 57 can be seen. The flowline of the ditch steepens as it approaches the

109

. A major reduction comes



cross-culvert, but the ditch flowline approaching that point is flat enough to present a
sedimentation or potential ponding issue. The ditch flowline slope in this area is approximately
0.6 percent. Figure 59 represents the digital rendering of the paved surface. The spike in Figure
59 represents the laser measuring the passing truck, seen in Figure 57.

;

Cross culvert

| Flatditch
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Figure 57. Section 10 along FM 136.

Flat flowline

Driveway Driveway

Figure 58. Section 10 along FM 136 Proof of Concept Code Right Roadside Image.
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Figure 59. Section 10 along FM 136 Proof of Concept Code Paved Surface Image.

FM 2678—CORPUS CHRISTI DISTRICT

Table 35 presents the network-level results for FM 2678 in the Corpus Christi District.
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Table 35. FM 2678 Surface Drainage Rating Summary.

Roadway Surface

Roadside Surface

RT RT RT RT Overall
RT  Cross Hydro- Front Ditch Ditch Combined Combined Overall — Rating
Begin End Alignment Width Slope planing Slope Depth Slope Surface Roadside Drainage Normalized
TRM TRM Section Classificaiton Section Shape Rating Rating Rating RT Roadside Shape Rating Rating Rating Rating Rating  Rating to 100
576.0[576.1] 1 [LTCURVE [LT CURVE 0.62 [ 1.00 [ 0.80 [Primarily Ditch 100 [ 097 [ 0.65] 0.81 0.87 084 | 84 |
576.1[5762] 2 [LTCURVE [LT CURVE 0.59 | 1.00 | 0.70 [Primarily Ditch 100 [ 095 [ 1.00]| 0.76 0.98 0.87 87
576.2|576.3] 3 |[LTCURVE |[LT CURVE 1.00 | 1.00 | 0.70 |Primarily Ditch 1.00 [ 097 [ 081 | 0.90 0.92 0.91
576.3|576.4] 4 |TANGENT [CURVE TRANSITION | 1.00 | 0.96 | 0.80 [Primarily Ditch 1.00 [ 096 [ 1.00 | 0.92 0.98 0.95
576.4|5765] 5 [TANGENT [TANGENT 1.00 | 0.93 [ 0.80 [Primarily Ditch 100 [ 090 [ 079 0.1 0.90 0.90
576.5/576.6] 6 [TANGENT [TANGENT 0.95 [ 0.84 | 0.90 [Primarily Ditch 1.00 [ 090 [ 0.95 | 0.89 0.95 0.92
576.6]576.7] 7 [TANGENT [TANGENT 1.00 | 0.79 [ 0.80 [Primarily Ditch 1.00 [ 095 [ 088 0.86 0.94 0.90
576.7[576.8] 8 [TANGENT |TANGENT 1.00 | 0.97 [ 0.80 [Primarily Ditch 1.00 [ 100 [ 088 0.92 0.96 0.94
576.8[576.9] 9 [RTCURVE [CURVE TRANSITION [ 1.00 | 0.98 | 0.80 [Primarily Ditch 1.00 [ 100 [ 100 0.93 1.00 0.96
576.9]/577.0] 10 [RTCURVE [RT CURVE 0.89 [ 1.00 [ 0.70 [Primarily Ditch 100 [ 099 [ 100 o0.86 1.00 0.93
577.0|577.1] 11 [RTCURVE [CURVE TRANSITION | 1.00 | 0.96 | 0.70 [Primarily Ditch 1.00 [ 090 [ 1.00 | 0.89 0.97 0.93
577.1|577.2] 12 [TANGENT [TANGENT 1.00 [ 0.92 | 0.90 |Primarily Ditch 1.00 [ 091 [ 0.86 | 0.94 0.92 0.93
577.2|577.3] 13 |[TANGENT [TANGENT 1.00 | 0.88 | 0.90 |Primarily Ditch 097 | 0.88]| 052 | 093 0.79 0.86 86
577.3|577.4] 14 [TANGENT [TANGENT 1.00 | 0.86 | 0.90 [Primarily Ditch 100 [ 088 ] 064 092 0.84 0.88 88
577.4|577.5] 15 [TANGENT [TANGENT 1.00 | 0.94 [ 0.80 [Primarily Ditch 100 [ 092 [ 055 o0.91 0.83 0.87 87
577.5|577.6] 16 |[TANGENT [TANGENT 1.00 | 0.95 [ 0.90 [Primarily Ditch 1.00 [ 093] 053] 095 0.82 0.88 88
577.6]577.7] 17 |[TANGENT [TANGENT 1.00 [ 0.85 [ 0.70 [Primarily Ditch 1.00 [ 090 [ 100 o0.85 0.97 0.91
577.7]577.8] 18 |[LTCURVE [OUT OF SHAPE 0.99 [ 0.00 [ 0.70 [Primarily Ditch 100 [ 092 [ 086 [ 056 0.93 0.75
577.8[577.9] 19 [TANGENT [TANGENT 1.00 | 0.85 [ 0.80 [Primarily Ditch 100 [ 092 097 o0.88 0.96 0.92
577.9]578.0] 20 [TANGENT [TANGENT 1.00 | 0.86 | 0.90 [Primarily Ditch 100 [ 098] 100 0.92 0.99 0.96
578.0[578.1] 21 [TANGENT [TANGENT 1.00 [ 0.76 | 0.80 |Primarily Ditch 1.00 [ 094 [ 1.00]| 0.85 0.98 0.92
578.1|578.2] 22 [TANGENT [TANGENT 1.00 [ 0.92 | 0.80 |Primarily Ditch 1.00 [ 089 [ 0.63] o0.01 0.84 0.87 87
578.2|578.3] 23 |LTCURVE [CURVE TRANSITION | 1.00 | 0.96 | 0.50 [Primarily Ditch 100 [ 075 [ 053 | o0.82 0.76 0.79 79
578.3|578.4] 24 [LTCURVE [LT CURVE 1.00 | 1.00 [ 0.70 [Primarily Ditch 100 [ 0.82 [ 054 [ 0.90 0.79 0.84 84
578.4|5785] 25 [LTCURVE [LT CURVE 1.00 [ 1.00 [ 0.50 [Primarily Ditch 1.00 [ 097 [ 087 | 0.83 0.95 0.89 89
578.5/578.6] 26 |[LTCURVE [LT CURVE 1.00 | 1.00 [ 0.80 [Primarily Ditch 099 [ 1.00] 100 | 093 1.00 0.97
578.6]578.7] 27 |[LTCURVE [LT CURVE 1.00 | 1.00 [ 0.80 [Primarily Ditch 099 [ 1.00] 100 | 093 1.00 0.96
578.7[578.8] 28 [LTCURVE [LT CURVE 1.00 | 1.00 [ 0.80 [Primarily Ditch 1.00 [ 099 [ 100 0.93 1.00 0.97
578.8[578.9] 29 [LTCURVE [LT CURVE 1.00 | 1.00 [ 0.80 [Primarily Ditch 100 [ 100 200 0.3 1.00 0.97
578.9/579.0/ 30 [TANGENT |CURVE TRANSITION | 1.00 [ 0.50 | 0.70 [Primarily Ditch 100 [ 092076 073 0.90 0.81 81
579.0[579.1] 31 [TANGENT [OUT OF SHAPE 0.78 | 0.00 | 0.70 |Primarily Ditch 1.00 [ 092 [ 1.00 | o0.49 0.97 0.73 73
579.1[579.2] 32 [TANGENT [OUT OF SHAPE 0.74 | 0.00 | 0.80 |Primarily Ditch 1.00 [ 091 [ 046 | o051 0.79 0.65
579.2|579.3] 33 [TANGENT [TANGENT 0.74 | 0.71 | 0.70 [Primarily Ditch 100 [ 099 [ 1.00 [ 0.72 1.00 0.86 86
579.3]579.4] 34 |TANGENT [OUT OF SHAPE 0.96 | 0.00 [ 0.70 [Primarily Ditch 1.00 [ 100 100 055 1.00 0.78 78
579.4|579.5] 35 |TANGENT [OUT OF SHAPE 0.77 | 0.00 [ 0.70 [Primarily FS 0.99 [ 1.00 [ 100 049 1.00 0.74 74
579.5[579.6] 36 [TANGENT |OUT OF SHAPE 0.67 [ 0.00 [ 0.70 [Primarily Ditch 1.00 [ 100 [ 1.00 | o046 1.00 0.73 73
579.6(579.7] 37 |TANGENT |OUT OF SHAPE 0.72 | 0.00 | 0.70_|Primarily Ditch 100 [ 093] 060 047 | o084 | o6c |HNCORNN
579.7]579.8] 38 [TANGENT [TANGENT 0.78 [ 0.78 | 0.80 [Primarily Ditch 100 [ 090 [ 053] 0.79 0.81 0.80 80
579.8]579.9] 39 [TANGENT [TANGENT 0.78 | 0.82 | 0.70 |Primarily Ditch 100 [ 090 [ 053] 0.77 0.81 0.79 79
579.9]580.0{ 40 |[TANGENT [TANGENT 0.78 | 0.86 | 0.80 |Primarily Ditch 100 [ 090 [ 1.0 | o0.81 0.97 0.89 89
580.0[580.1] 41 [TANGENT [OUT OF SHAPE 0.68 | 0.00 [ 0.80 |Primarily Ditch 1.00 [ 091 [ 0.67 | 0.49 0.86 0.68
580.1[580.2] 42 [TANGENT [OUT OF SHAPE 0.78 | 0.00 | 0.80 |Primarily Ditch 1.00 [ 094 [ 064 053 0.86 0.69
580.2|580.3] 43 |TANGENT [OUT OF SHAPE 0.86 | 0.00 [ 0.80 [Primarily Ditch 1.00 [ 094 [ 1.00 [ 055 0.98 0.77 77
580.3]580.4] 44 |TANGENT [OUT OF SHAPE 0.86 | 0.00 [ 0.80 [Primarily Ditch 1.00 [ 096 [ .00 055 0.9 0.77 77
580.4[580.5] 45 [LTCURVE [CURVE TRANSITION [ 0.80 [ 0.50 | 0.50 [Primarily Ditch 1.00 [ 100 [ 100 | 0.60 1.00 0.80 80
580.5[580.6] 46 [LTCURVE [LT CURVE 0.77 | 1.00 [ 0.70 [Primarily Ditch 1.00 [ 1.00 [ 1.00 [ 0.82 1.00 0.91
580.6[580.7 47 [LTCURVE [LT CURVE 1.00 | 1.00 [ 0.70 [Primarily Ditch 1.00 [ 100 [ 081 0.90 0.94 0.92
580.7|580.8] 48 |LTCURVE |LT CURVE 0.72 | 1.00 | 0.70 |Primarily Ditch 1.00 [ 1.00 [ 064 o0.81 0.88 0.84 84
580.8580.9] 49 [LTCURVE [LT CURVE 053 | 1.00 | 0.90 |Primarily Ditch 100 [ 095 [ 1.00| o0.81 0.98 0.90 %
580.9/581.0] 50 |[LTCURVE |LT CURVE 0.64 | 1.00 | 0.90 |Primarily Ditch 100 [ 100 100 o0.85 1.00 0.92
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58L.0[58L1] 51 |[LTCURVE |LT CURVE 0.99 | 0.85 | 0.50 [Primarily Ditch 100 [ 095 100 078 | 098 | 0.8 88
58116812 52 |TANGENT |TANGENT 0.60 | 0.71 | 0.70 |Primarily Ditch 1.00 | 096 | 1.00| 067 | 099 | o083 83
581.2[581.3| 53 |TANGENT |TANGENT 0.73 | 0.00 | 0.70 |Primarily Ditch 100 | 094 | 100 048 | 098 | 073 73
581.3(58L.4| 54 |TANGENT |TANGENT 0.5 | 0.93 | 0.70 |Primarily Ditch 100 [ 092 100| 072 | 097 | 085 85
58L4(58L5| 55 |RTCURVE |RT CURVE 0.53 | 1,00 | 0.80 |Primarily Ditch 100 [ 093 100| 078 | 098 | o088 88
58L5]581.6] 56 |RTCURVE |RT CURVE 0.72 | 1.00 | 0.80 |Primarily Ditch 100 [ 092|090 084 | 094 | 089 89
58L6]58L7] 57 |RTCURVE |RT CURVE 0.72 | 1.00 | 0.80 |Primarily Ditch 100 | 084083 084 | 089 | 086 86
58L7|5818] 58 |RTCURVE |RT CURVE 0.73 | 1.00 | 0.80 [Primarily Ditch 100 081054 084 | 078 | 081 81
581.8]5819] 59 |RTCURVE |RT CURVE 0.76 | 1.00 | 0.80 [Primarily Ditch 100 | 086 [ 019 085 | 068 | 077 77
581.9]562.0] 60 |RTCURVE |RT CURVE 0.72 | 1.00 | 0.70 [Primarily Ditch 100 088|073 | 081 | 087 | o084 84
582.0(582.1] 61 |RTCURVE |RT CURVE 1.00 | 1.00 | 0.80 [Primarily Ditch 100 [ 096 | 100| 093 | 099 | 09
582.1]582.2] 62 |RTCURVE |RT CURVE 1.00 | 1.00 | 0.70 |primarily Ditch 100 | 200 | 1.00| 09 | 100 | 095
582.2582.3| 63 |RTCURVE |RT CURVE 1.00 | 1.00 | 0.80 |Primarily Ditch 100 079 | 1.00| 093 | 093 | 093
582.3|582.4] 64 |RTCURVE |RT CURVE 1.00 | 1.00 | 050 |Primarily Ditch 100 | 083|081 083 | 09 | 086 86
5824|5825 65 |TANGENT |TANGENT 1.00 | 0.89 | 050 |Primarily Ditch 100 | 094|060 080 | 08 | 082 82
582.5]582.6] 66 |TANGENT |TANGENT 1.00 | 0.88 | 0.80 |Primarily Ditch 100 | 093] 064 | 08 | 08 | o087 87
582.6(582.7] 67 |TANGENT |TANGENT 1.00 | 0.92 | 0.80 [Primarily FS 100 [ 097|200 0901 | 099 | 095 |HRNNGSNNN
582.7|582.8] 68 |TANGENT |TANGENT 1.00 | 0.62 | 0.70 |Primarily Ditch 100 | 092 | 100| 077 | 097 | o8 87
582.8]562.9] 69 |TANGENT |TANGENT 1.00 | 0.82 | 0.70 [Primarily Ditch 100|082 100 084 | 094 | 089 89
582.9]583.0] 70 |TANGENT |TANGENT 1.00 | 0.95 | 0.90 [Primarily Ditch 100 087 066] 095 | 084 | 090 %
583.0[583.L] 71 |TANGENT |TANGENT 1.00 | 0.98 | 0.80 [Primarily FS 100 [ 007 [ 100 093 | 099 | 096
583.1[583.2] 72 |TANGENT |TANGENT 1.00 | 0.81 [ 0.80 [Primarily FS 099 09| 100] 087 | 0% | 093
583.2583.3] 73 |TANGENT |TANGENT 1.00 | 0.75 | 0.70 |Primarily Ditch 098] 093|069 08 | 087 | o084 84
583.35834] 74 |TANGENT |TANGENT 1.00 | 0.66 | 0.70 |Primarily Ditch 095|099 100| 079 | o098 | o088 88
583.4[5835] 75 |TANGENT |TANGENT 1.00 | 0.27 | 0.90 |Primarily Ditch 09099 100] 072 | 0% | 085 85
583.5/583.6] 76 |TANGENT |[TANGENT 1.00 | 062 | 0.70 |Primarily Ditch 095|098 100| 077 | o098 | o087 87
583.6583.7] 77 |TANGENT |TANGENT 1.00 | 0.34 | 0.70 [Primarily Edge Drain | 0.14 | 100 | 100 | 068 | 071 | 070 H
583.7]583.8] 78 |TANGENT |TANGENT 1.00 | 0.38 | 0.70 |Various Drainage | 0.63 | 1.00 | 100 | 069 | 0.88 | 0.79 79
583.8(583.9] 79 |TANGENT |TANGENT 1.00 | 0.67 | 0.70 [Primarily Ditch 091100100 079 | 097 | o088 88
583.9]584.0] 80 |TANGENT |TANGENT 1.00 | 0.93 | 0.80 |Primarily Ditch 09 | 098] 100 091 | 098 | 094
584.0[584.1] 8L |TANGENT |TANGENT 1.00 | 091 [ 0.70 [Primarily Ditch 097 [099] 100| 087 | 099 | 093
584.1[584.2] 82 |TANGENT |TANGENT 1.00 | 0.46 | 050 |Primarily Ditch 09 | 100 1.00| 065 | 099 | 082 82
584.2(584.3| 83 |TANGENT |TANGENT 1.00 | 031 | 0.70 |Various Drainage | 051 | 1.00 | 100 | 067 | 084 | 075 75
584.3|584.4| 84 |TANGENT |OUT OF SHAPE 1.00 | 0.00 | 0.70 |Primarily Ditch 094|100 1.00| 057 | o098 | o7 7
584.4]5845| 8 |[TANGENT |TANGENT 1.00 | 052 | 0.70 |Various Drainage | 0.66 | 1.00 | .00 | 074 | 089 | 081 81
584.5/584.6] 86 |TANGENT |TANGENT 1.00 | 0.85 | 0.70 |Primarily Ditch 098094 100] 08 | 097 | oot
584.6]584.7] 87 |TANGENT |TANGENT 1.00 | 0.96 | 1.00 |Primarily FS 099 100 | 1.00| 099 | 100 | 099
584.7/584.8] 88 |TANGENT |TANGENT 1.00 | 054 | 0.70 |Primarily FS 100 | 100 100| 075 | 100 | o8 87
584.8/584.9] 89 |TANGENT |TANGENT 1.00 | 0.64 | 0.70 |Primarily Ditch 100 | 097 | 100 078 | 099 | 0.9 89
584.9]585.0] 90 |TANGENT |TANGENT 1.00 | 0.26 | 0.70 |Primarily Ditch 095|097 100] 065 | 097 | o8l 81

Section 33 on FM 2678 in the Corpus Christi district represents a tangent section with an overall
rating of 86. This section has a roadside rating of 1.0 and a paved surface rating of 0.72. The
paved surface rating is impacted by reductions in width, cross-slope, and hydroplaning potential
ratings. This section is chosen as an example because in reality the width rating should equal 1.0,
increasing the overall rating to 0.90. The width rating fails because the algorithm classifies the
EOP too close to the edgeline stripe. Seal-coated roadways can create this issue at the network
level. FM 2678 consists of a seal-coated surface where the precoated rock has begun to display
the aggregate surface below the precoat, as shown in Figure 60. The EOP algorithm looks for
reflectivity changes to determine the offset to the pavement’s edge, and the exposed aggregate
face can trick the algorithm into believing it has reached the EOP. Overall, the algorithm is
highly effective at finding the EOP. Width transitions and the effectiveness in capturing these
transitions has been previously discussed with FM 31 in the Atlanta District and FM 2661 in the
Tyler District. Across 260 seal-coated sections on FM 2661, FM 31, and FM 2678, the algorithm
accurately measures the width 234 times, while in only 26 it finds a narrower width than actual
field conditions.
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Figure 60. Section 33 along FM 2678 in the Corpus Christi District.

Additional analysis of Section 33 along FM 2678 reveals that the cross-slope rating receives a
reduction because the data collection lane cross-slope has flatness issues. The average data
collection lane cross-slope within Section 33 is 1.3 percent. Figure 61 displays the flatness of the
cross-slope as generated within a cross-section of the mobile LIDAR processing software, Road
Doctor. Figure 62 is a figure that can be extracted from the proof of concept code that creates a
digital portrait of each section within the analysis. In particular, Figure 62 displays the paved
surface of Section 33 along FM 2678. The approximate location of the crown, near the —2 offset
line, can be seen in Figure 62. The dimensions within Figure 62 are in metric units and the —2
represents 2 m left of the plumb location of the laser. To the right of the —2 m offset line, the
flatness of the data collection lane is easily seen, particularly when compared with the slope of
the adjacent. As a point of reference, the average slope of the adjacent lane is approximately

1.8 percent over the 0.1-mi data collection section.
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Figure 61. Flat Cross-Slope within Section 33 of FM 2678.

Figure 62. Proof of Concept Code Paved Surface for Section 33 on FM 2678.

Section 33 receives an additional reduction due to hydroplaning potential. As per the Monte

Carlo simulation, the hydroplaning speed calculation is 59 mph, but because of a posted speed
limit of 75 mph, a rating of 0.7 results.

US 77—CORPUS CHRISTI DISTRICT

Table 36 presents the network-level results for US 77 in the Corpus Christi District.
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Table 36. US 77 Surface Drainage Rating Summary.

Roadway Surface Roadside Surface
RT RT RT RT Overall
RT  Cross Hydro- Front Ditch Ditch Combined Combined Overall  Rating
Begin End Alignment Width Slope planing RT Roadside Slope Depth Slope Surface Roadside Drainage Normalize
TRM TRM Section Classificaiton Section Shape Rating Rating Rating Shape Rating Rating Rating Rating  Rating  Rating  d to 100
622.7|622.8] 1 [LT CURVE [LT CURVE 0.36 | 1.00 | 0.70 [Primarily Ditch | 1.00 | 1.00 [ 1.00 | 0.69 1.00 0.84 84
622.8]622.9] 2 [TANGENT |CURVE TRANSITION [ 1.00 | 1.00 [ 0.50 [Primarily Ditch| 1.00 | 1.00 [ 0.99 | 0.83 0.99 0.91
622.91623.0 3 [RT CURVE [RT CURVE 1.00 | .00 | 0.70 |Primarily Ditch| 1.00 | 1.00 | 1.00 [ 0.90 1.00 0.95
623.0[623.1] 4 |RT CURVE |RT CURVE 1.00 | 2.00 | 0.70 [Primarily FS | 0.96 | 1.00 | 1.00 | 0.90 0.99 0.94
6231|6232 5 [TANGENT |TANGENT 058 | 0.35 | 0.50 [Primarily Ditch| 1.00 | 1.00 [ 1.00 | 0.48 1.00 0.74 74
623.2[623.3] 6 [LT CURVE |CURVE TRANSITION [ 0.61 | 0.68 | 0.50 [Primarily Ditch| 1.00 | 1.00 [ 1.00 | 0.59 1.00 0.80 80
623.3]623.4| 7 [LT CURVE [LT CURVE 1.00 | .00 | 0.90 |Primarily Ditch| 1.00 | 1.00 | 0.80 | 0.97 0.93 0.95
6234|6235 8 [LT CURVE [LT CURVE 053 | 1.00 | 0.90 [Primarily Ditch | 1.00 | 1.00 [ 0.97 | 0.81 0.99 090 | 90 |
623.5/6236] 9 |LT CURVE [LT CURVE 051 | 1.00 | 0.90 [Primarily Ditch| 1.00 | 1.00 | 1.00 | 0.80 1.00 0.90
623.6]623.7] 10 [LT CURVE [LT CURVE 076 [ 1.00 | 0.90 [Primarily FS | 1.00 [ 0.72 | 1.00 [ 0.89 0.91 0.90 90
623.7/623.8] 11 |TANGENT [TANGENT 0.97 | 0.36 | 0.70 [Primarily Ditch| 1.00 | 0.95 | 1.00 | 0.68 0.98 0.83 83
623.8]623.9] 12 [TANGENT |TANGENT 1.00 [ 0.77 | 0.70 [Primarily Ditch| 1.00 | 0.93 [ 0.95 [ 0.82 0.96 0.89 89
623.9/624.0] 13 |TANGENT |[TANGENT 1.00 | 0.63 | 0.70 |Primarily Ditch| 1.00 | 0.94 | 1.00 | 0.78 0.98 0.88 88
624.0[624.1] 14 [TANGENT |TANGENT 1.00 | 0.73 | 0.70 [Primarily Ditch| 1.00 | 0.96 [ 1.00 [ 0.81 0.9 0.90 90
624.1/624.2] 15 |LT CURVE |[CURVE TRANSITION | 1.00 | 0.86 | 0.70 [Primarily Ditch| 1.00 | 1.00 | 1.00 | 0.85 1.00 0.93
624.2|624.3] 16 [LT CURVE [LT CURVE 1.00 | 1.00 | 0.70 [Primarity FS [ 1.00 | 1.00 [ 1.00 [ 0.90 1.00 0.95
624.3|624.4] 17 |RT CURVE |[CURVE TRANSITION | 1.00 | 1.00 [ 0.70 [Primarily Ditch| 1.00 | 1.00 | .00 | 0.90 1.00 0.95
624.4]624.5] 18 [RT CURVE |RT CURVE 055 | 1.00 | 0.70 [Primarily Ditch| 1.00 | 1.00 | 1.00 [ 0.75 1.00 0.87 87
624.5|624.6] 19 [TANGENT |TANGENT 1.00 [ 0.74 | 0.70 [PrimarityFs [ 0.96 | 1.00 [ 1.00 [ 081 0.99 0.90 920
624.6]624.7] 20 [TANGENT |TANGENT 1.00 | 0.82 | 0.70 [Primarily Ditch| 0.99 | 1.00 | 1.00 [ 084 1.00 0.92
624.7]624.8] 21 [TANGENT |TANGENT 1.00 | 0.93 | 0.70 [Primarily Ditch[ 1.00 | 1.00 [ 1.00 [ 0.88 1.00 0.94
624.8(624.9] 22 |TANGENT |TANGENT 1.00 | 0.84 | 0.70 [Primarily Ditch| 1.00 | 1.00 | 1.00 [ 0.85 1.00 0.92
624.9625.0] 23 |TANGENT [TANGENT 1.00 | 0.66 | 0.70 [Primariy Fs | 0.90 | 1.00 [ 1.00 | 0.79 0.97 0.88
625.0]625.1| 24 [TANGENT |[TANGENT 1.00 | 0.82 | 0.70 |Primarily Ditch| 0.97 | 1.00 | 1.00 | 0.84 0.99 0.91
625.1]625.2] 25 [TANGENT |TANGENT 1.00 | 0.93 | 0.70 [Primarily Ditch[ 1.00 | 1.00 [ 1.00 [ 0.88 1.00 0.94
625.2[625.3]| 26 [TANGENT |TANGENT 1.00 [ 0.96 | 0.70 [Primarily Ditch| 1.00 [ 1.00 [ 0.70 [ 0.89 0.90 089 | 8 |
625.3]6254] 27 |TANGENT [TANGENT 1.00 | 0.91 | 0.80 [Primarily Ditch| 1.00 | 0.98 | 1.00 | 0.90 0.99 0.95
625.4|625.5| 28 |TANGENT |TANGENT 1.00 | 0.92 | 0.70 |Primarily Ditch| 1.00 | 1.00 | 1.00 [ 0.87 1.00 0.94
625.5/625.6] 29 |[TANGENT |TANGENT 1.00 [ 0.91 | 0.80 [PrimarilyFs | 0.98 [ 1.00 | 1.00 [ 0.90 0.99 0.95
625.6/625.7] 30 |[TANGENT |TANGENT 1.00 | 0.92 | 0.70 |Primarily Ditch| 0.99 | 1.00 | 1.00 [ 0.87 1.00 0.93

URBAN AND METRO SECTIONS

Urban and metro sections present differently than rural sections. The roadway to roadside
interaction differs significantly and often varies throughout these types of sections. Metro
sections are often too wide to accurately capture the entire surface of interest in a single data
collection run. For example, approximately 13 mi of IH 45 within the Houston District was
analyzed within this study.

This portion of IH 45 initially consisted of five southbound lanes before a travel lane dropped
off, resulting in only four southbound lanes. With the combination of a wide inside shoulder and
multiple merge and exit lanes, the overall paved surface width can exceed 75 ft. Data were
collected in the far outside lane and then collected in one of the more interior lanes. Data
collection in the outside lane impacts the ability to accurately measure paved surface elements
far to the left but still within travel lanes. Data collection in the outside lane provides little in the
way of information regarding the roadside because often no roadside exists due to concrete
barriers flanking both the inside and outside. Using data collected from the inside lane, the
portion of IH 45 was treated similar to a project level analysis. The 13 mi of data were
subdivided into 0.1-mi data collection sections, similar to the approach taken for the network-
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level analysis. Within each data collection section, each lane width, lane cross-slope, and
hydroplaning potential was calculated. These results are shown in Table 37.

Table 37. IH 45 Southbound Results.

Lane 1 Lane 2 Lane 3 Lane 4 Lane5  Tot. Avg. Hydro-
Length Section Allignment Cross Cross Cross Cross Cross  Cross  planing
(mi) No. Classification Width Slope Width Slope Width Slope Width Slope Width Slope  Slope  Speed Radius
0.1 1 |TANGENT 11.98] 2.32% | 12.11| 2.07% | 11.93] 1.64% | 12.05]| 1.82% | 12.40| 1.86% | 1.94% 56.8
0.2 2 |[TANGENT 11.99(2.34% [ 12.11) 2.07% | 11.95[ 1.58% [ 12.09| 1.68% | 12.57| 1.78% | 1.89% 56.1
0.3 3 |TANGENT 12.29] 1.79% | 12.30| 1.62% | 11.85] 1.87% | 12.15]| 1.74% | 12.58| 1.81% | 1.77% 54.5
0.4 4 |TANGENT 11.94] 1.68% | 12.16| 1.99% | 12.01] 2.07% | 12.28| 1.40% | 12.35| 1.50% | 1.73% 54.5
0.5 5 |TANGENT 11.87] 1.75% | 12.02| 1.98% | 12.00| 1.80% | 12.23| 1.47% | 12.58| 1.86% | 1.77% 56.2
0.6 6 |TANGENT 12.20] 1.39% | 12.03| 1.93% | 11.91] 1.41% | 12.21| 1.65% | 12.27| 1.42% | 1.56% 54.2
0.7 7 |TANGENT 11.84) 1.53% | 12.10| 2.02% | 11.89] 1.50% | 12.34| 2.05% | 12.45| 1.84% | 1.79% 54.1
0.8 8 [TANGENT 11.82( 1.48% [ 12.06] 2.00% | 11.85[ 1.64% [ 12.28] 1.86% | 12.43| 1.69% | 1.73% 54.3
0.9 9 |TANGENT 11.90] 1.71% | 12.19| 2.04% | 11.06] 1.92% | 13.16| 1.94% | 12.63| 1.86% | 1.89% 55.8
1 10 [TANGENT 11.99] 1.98% | 12.13| 1.96% | 12.04| 2.06% | 12.10| 1.97% | 13.77| 1.77% | 1.95% 57.1
11 11 [TANGENT 11.97] 1.85% | 12.03| 1.66% | 12.20] 1.31% | 11.94 11.88] 1.96% | 1.70% 55.7
1.2 12 [TANGENT 12.15] 1.40% | 11.99| 1.58% | 12.19] 1.37% | 12.32]| 2.32% | 12.25| 1.90% | 1.71% 55.2
13 13 |TANGENT 12.10] 1.54% | 11.96| 1.56% | 12.20| 1.33% | 12.06| 2.09% | 12.53| 2.24% | 1.75% 55.5
14 14 |TANGENT 12.20{ 1.92% [ 11.97) 1.74% | 12.00 1.64% [ 12.07] 1.65% | 12.54| 2.43% | 1.88% 53.5
15 15 [TANGENT 12.23] 2.16% | 12.01| 1.92% | 11.99] 1.77% | 11.97| 1.76% | 12.63| 2.08% | 1.94% 54.0
1.6 16 [TANGENT 12.04] 2.30% | 12.07] 2.03% | 11.93] 1.52% | 12.00 12.66| 1.75% | 1.90% 53.7
1.7 17 [TANGENT 12.22] 2.24% | 11.92| 2.04% | 12.10| 1.57% | 12.16| 1.43% | 12.42| 1.28% | 1.71% 54.0
18 18 [TANGENT 12.01] 2.51% | 11.97| 2.16% | 12.06| 1.76% | 12.22| 1.55% | 12.44| 1.90% | 1.98% 53.8
1.9 19 |TANGENT 11.85( 2.64% [ 11.95] 2.12% | 12.22| 1.84% [ 12.06| 1.70% | 12.68| 1.83% | 2.02% 56.5
2 20 [TANGENT 11.96] 2.16% | 12.09| 1.94% | 12.11] 1.50% | 12.11] 2.01% | 12.39| 1.67% | 1.86% 55.6
2.1 21 [TANGENT 11.92] 2.13% | 12.06| 1.86% | 11.94] 1.94% | 12.01| 1.92% | 12.56| 2.38% | 2.05% 56.4
2.2 22 [TANGENT 11.92] 1.98% | 12.03| 1.73% | 11.86] 2.07% | 12.03| 1.62% | 12.54| 2.17% | 1.92% 56.3
2.3 23 [TANGENT 11.90] 1.83% | 12.42| 1.92% | 11.47] 2.22% | 12.45] 1.86% | 12.20| 2.20% | 2.00% 55.6
2.4 24 |TANGENT 11.89) 1.65% | 12.18| 1.80% | 11.88] 1.73% | 12.18] 1.61% | 12.52| 2.17% | 1.79% 55.7
25 25 |TANGENT 11.59( 1.89% [ 12.10| 1.90% | 12.08 1.53% [ 12.16] 2.03% | 12.51| 2.13% | 1.90% 56.1
2.6 26 [TANGENT 11.80] 2.27% | 12.15] 1.90% | 12.09| 1.60% | 12.15] 2.11% | 12.96| 2.37% | 2.05% 54.1
2.7 27 |[TANGENT 11.84] 1.96% | 12.05| 1.85% | 12.19 12.09 12.62| 2.17% | 1.99% 54.6
2.8 28 [TANGENT 11.97]| 2.57% | 12.36| 2.06% | 12.09| 2.09% | 12.06 12.56| 2.63% | 2.34% 56.3
2.9 29 [RT CURVE 12.12] 3.66% | 12.46| 2.96% | 11.69| 3.20% | 12.87| 2.86% | 12.31| 3.25% | 3.19% 55.9 5462
3 30 |[RT CURVE 12.43] 3.59% | 12.25| 2.90% | 11.87] 2.99% | 12.13] 2.59% | 12.47| 3.39% | 3.09% 56.0
31 31 |TANGENT 11.93{ 2.39% [ 12.12] 2.06% | 12.04 | 2.12% [ 12.05] 1.09% | 12.53| 2.52% | 2.04% 55.6
3.2 32 |TANGENT 12.19] 2.08% | 11.98| 1.87% | 12.13] 2.20% | 12.04 12.81] 2.00% | 2.04% 55.6
33 33 |LT CURVE 12.00| 2.36% | 12.05| 2.10% | 12.10] 2.09% | 11.96 13.00| 1.88% | 2.11% 56.1 17091
34 34 |LT CURVE 12.04] 2.51% | 12.00| 1.82% | 11.95] 1.72% | 11.97| 1.14% | 13.16| 2.13% | 1.86% 56.1
35 35 |TANGENT 11.79] 2.83% | 12.00| 1.61% | 12.08] 1.91% | 12.16| 1.09% | 12.79| 2.01% | 1.89% 55.8
3.6 36 |[LT CURVE TRANS. [11.10] 0.82% | 12.25|-0.28% 11.96|-0.37%| 11.90 12.77] 0.90% | 0.27% 55.0
37 37 |LT CURVE 12.04]-2.57% 12.04|-3.18%] 11.95|-3.41% 11.79|-1.67%| 13.13|-3.29%| -2.83% [ 55.3 6214
3.8 38 |LT CURVE 12.31]-2.47%| 11.64|-2.95%| 12.37]-2.79%| 12.84 11.71]-3.08%| -2.82% | 53.6
3.9 39 |LT CURVE TRANS. |11.72] 0.97% | 11.89] 0.62% | 12.21| 0.79% | 12.56| 0.30% | 11.65|-1.28%| 0.28% 56.4
4 40 |TANGENT 11.02] 2.39% | 11.98| 2.12% | 12.32] 1.73% | 12.60 11.79| 0.30% | 1.64% 54.7
4.1 41 |[TANGENT 12.41] 2.02% [ 12.03| 1.97% | 12.16 13.01 NA 2.00% 54.8
4.2 42 |[TANGENT 12.15] 2.34% [ 12.05[ 1.88% | 12.10| 2.07% | 12.97 | 1.17% NA 1.87% 56.3
4.3 43 |TANGENT 12.42] 2.24% | 12.01| 1.64% | 12.14] 2.14% | 12.99| 1.17% NA | 180% 56.6
4.4 44 |TANGENT 11.98] 2.30% | 12.03| 1.83% | 12.10] 2.06% | 12.95| 1.10% NA | 182% 55.3
4.5 45 |TANGENT 11.93] 2.14% | 11.98| 2.01% | 11.92] 2.06% | 13.32| 1.15% NA | 184% 55.5
4.6 46 |TANGENT 12.10] 2.31% | 11.97]| 2.11% | 11.69] 2.11% | 14.30| 1.78% NA | 2.08% 54.3
4.7 47 |TANGENT 12.07{ 2.12% [ 12.18) 2.06% | 11.89| 2.30% [ 13.13 NA | 2.16% 56.4
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4.8 48 |RT CURVE 12.17) 2.76% | 12.18| 2.27% | 11.94| 2.02% | 12.78 NA | 2.35% 55.6
4.9 49 |RT CURVE 12.66) 2.66% | 12.26 | 2.25% | 12.04| 1.95% | 13.01 NA | 2.28% 55.7
5 50 [RT CURVE 12.37) 2.74% | 12.24| 2.44% | 12.11| 2.00% | 11.89 NA | 2.39% 55.5 0442
5.1 51 [RT CURVE 12.30) 2.20% | 12.15| 2.02% | 12.02| 2.06% | 11.65 1.80% NA | 2.02% 55.0
5.2 52 [RT CURVE 11.76( 2.04% [ 12.29] 1.86% | 11.73| 1.84% | 12.26| 2.26% NA [ 2.00% 54.6
53 53 [RT CURVE 11.31( 2.13% [ 11.80] 2.02% | 11.44| 2.01% | 12.51] 2.25% NA [ 2.10% 55.1
5.4 54 |TANGENT 12.03] 1.71% | 11.25] 1.42% | 10.90 11.73) 1.88% NA 1.67% 55.6
55 55 [TANGENT 12.46) 1.26% | 11.10| 1.14% | 10.91| 1.42% | 11.02 | 1.56% NA | 1.35% 56.1
5.6 56 [TANGENT 10.95] 1.31% | 11.06 10.93] 1.47% | 11.07 | 1.54% NA 1.44% 55.3
5.7 57 |TANGENT 10.84( 1.35% [ 11.08] 1.26% | 10.87| 1.13% | 11.04] 1.54% NA 1.32% 55.7
5.8 58 |TANGENT 10.90( 1.34% [ 11.08] 1.23% | 10.89| 1.14% | 11.08] 1.77% NA 1.37% 56.0
5.9 59 |TANGENT 10.82 11.08) 1.30% | 10.89 11.15] 1.41% NA | 1.35% 55.8
6 60 [TANGENT 10.94] 1.51% | 11.06| 1.40% | 10.89| 1.34% | 11.12| 1.62% NA | 147% 56.6
6.1 61 [LT CURVE 10.93) 1.21% | 11.01| 1.18% | 11.14| 1.47% | 10.99( 1.62% NA 1.37% 55.6 10407
6.2 62 [TANGENT 10.95 11.01 11.26] 1.10% | 11.08 | 1.45% NA | 1.27% 53.2
6.3 63 |TANGENT 11.08 10.97 11.01{ 1.11% [ 11.10| 1.44% NA [ 1.28% 54.3
6.4 64 |TANGENT 10.97 11.09 11.09{ 1.17% [ 11.00| 1.51% NA [ 1.34% 53.2
6.5 65 [TANGENT 10.94] 1.30% | 11.05 11.06 11.13) 1.53% NA | 141% 55.6
6.6 66 [TANGENT 10.98) 1.37% | 10.97 | 1.26% | 11.02| 1.18% | 11.09 | 1.35% NA 1.29% 57.6
6.7 67 [TANGENT 11.04) 1.54% | 10.97| 1.13% | 11.00 10.95 NA | 1.34% 57.1
6.8 68 [TANGENT 10.93] 1.70% | 10.98 11.07) 1.18% | 10.89 NA | 144% 58.1
6.9 69 |TANGENT 10.92( 1.52% [ 11.08) 1.23% | 11.08| 1.29% | 11.09] 1.39% NA 1.36% 58.3
7 70 |TANGENT 11.03( 1.48% [ 11.09] 1.21% | 11.00| 1.24% | 11.05] 1.30% NA 1.31% 57.0
7.1 71 [TANGENT 11.01) 1.42% | 11.11| 1.28% | 10.93| 1.18% | 11.17 NA 1.29% 57.8
7.2 72 [TANGENT 11.15) 1.67% | 11.23| 1.30% | 11.00| 1.26% | 11.04 | 1.13% NA | 1.34% 57.4
7.3 73 [TANGENT 11.17) 1.44% | 11.15| 1.26% | 10.93| 1.20% | 11.35 NA 1.30% 55.5
7.4 74 |TANGENT 10.95( 1.27% [ 11.26] 1.15% | 11.05| 1.17% | 11.19] 1.61% NA 1.30% 53.9
7.5 75 |TANGENT 10.99( 1.30% [ 11.11) 1.14% | 11.06 | 1.22% | 11.15] 1.48% NA 1.28% 54.7
7.6 76 [TANGENT 10.95] 1.65% | 11.14 11.08] 1.16% | 11.22| 1.17% NA 1.33% 53.7
7.7 77 [TANGENT 10.95] 1.34% | 11.33| 1.15% | 10.86 11.02) 1.37% NA | 1.29% 57.2
7.8 78 [TANGENT 10.77] 1.22% | 11.23 10.98] 1.28% | 11.16| 1.18% NA 1.23% 56.7
7.9 79 [TANGENT 10.78) 1.43% | 11.37| 1.25% | 10.98 11.12) 1.26% NA 1.32% 56.9
8 80 |TANGENT 10.83( 1.37% [ 11.23] 1.29% | 10.91| 1.45% | 11.19] 1.65% NA 1.44% 56.0
8.1 81 |TANGENT 11.22 10.83 11.17{ 1.16% [ 11.31) 1.62% NA [ 1.39% 56.7
8.2 82 |TANGENT 11.16 10.82) 1.12% | 11.02 11.26) 1.55% NA | 1.33% 54.5
8.3 83 |TANGENT 11.18 10.91 11.02] 1.22% | 11.23| 1.23% NA | 1.23% 56.9
8.4 84 |TANGENT 11.17 10.84) 1.26% | 11.05] 1.31% | 11.46 NA | 1.28% 56.9
8.5 85 |TANGENT 11.00 10.98) 1.30% | 10.95] 1.32% | 11.53| 1.39% NA 1.34% 57.1
8.6 86 |TANGENT 11.11{ 1.15% [ 10.89) 1.37% | 11.13| 1.36% | 11.58] 1.18% NA 1.26% 56.6
8.7 87 |RT CURVE 10.94(1.08% [ 11.08 10.93[ 1.27% [ 11.63 NA [ 1.18% 56.1 11333
8.8 88 |LT CURVE 10.96 10.93]-1.70%] 10.90|-1.07%] 11.39]-0.55% NA | -1.11% 12.6
8.9 89 |LT CURVE 10.59]-2.74%] 11.40 10.97]-3.95%] 11.50 NA | -3.35% 12.6 3634
9 90 (LT CURVE 10.94|-2.78%] 11.05 10.93 11.66 NA | -2.78% 12.6
9.1 91 [LT CURVE TRANS. | 1114 11.00 [-2.42%| 10.90 11.45 NA | -2.42% 12.6
9.2 92 |TANGENT 11.04 11.04 10.99 11.89( 1.68% NA [ 1.68% 55.8
9.3 93 [TANGENT 11.22) 1.83% | 11.03| 1.76% | 11.06] 1.73% | 12.24 | 1.74% NA 1.77% 56.9
9.4 94 [RT CURVE 11.11) 1.32% | 11.52| 1.29% | 10.81| 1.26% | 11.95( 1.28% NA | 1.29% 52.6 6603
9.5 95 [TANGENT 11.08) 1.19% | 11.12| 1.18% | 10.96] 1.19% | 12.09 1.18% NA 1.19% 52.6
9.6 96 [TANGENT 11.17) 1.21% | 11.36| 1.14% | 10.63 12.09 NA | 118% 54.1
9.7 97 |TANGENT 11.11{ 1.39% [ 11.35 10.74 12.29( 1.21% NA [ 1.30% 57.3
9.8 98 |TANGENT 11.15( 1.39% [ 11.55] 1.34% | 10.74| 1.26% | 11.92] 1.23% NA 1.31% 55.4
9.9 99 [TANGENT 11.03] 1.58% | 11.06| 1.57% | 11.33] 1.45% | 11.97 1.40% NA 1.50% 56.0
10 100 [TANGENT 11.06] 1.31% | 10.99| 1.32% | 10.98] 1.26% | 12.13| 1.22% NA 1.28% 54.7
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10.1 | 101 [TANGENT 11.13) 1.39% | 10.68| 1.37% | 11.36] 1.30% | 12.00 | 1.29% NA | 1.34% 55.6
10.2 | 102 [TANGENT 10.93] 1.31% | 10.90| 1.27% | 11.05] 1.26% | 13.33 1.26% NA | 1.28% 52.9
10.3 | 103 [LT CURVE 11.10) 1.31% | 11.21| 1.27% | 10.67 12.38) 1.25% NA [ 1.28% 53.8 8104
10.4 | 104 |LT CURVE 11.00{ 1.66% [ 11.09] 1.55% | 10.92| 1.48% | 12.05] 1.46% NA | 154% 54.7
10.5 | 105 |TANGENT 11.07{ 1.27% [ 10.91] 1.25% | 11.18 12.25 NA | 1.26% 55.5
10.6 | 106 [TANGENT 10.98) 1.34% | 11.05| 1.32% | 10.56| 1.22% | 12.68 | 1.19% NA | 1.27% 54.9
10.7 | 107 [TANGENT 10.92) 1.26% | 11.07| 1.25% | 11.10 11.99 NA [ 1.26% 54.8
10.8 | 108 [TANGENT 10.99( 1.34% [ 11.19] 1.26% | 11.24| 1.18% | 11.70| 1.17% NA | 1.24% 55.9
10.9 | 109 |TANGENT 10.95( 1.35% [ 11.35] 1.23% | 10.84| 1.20% | 11.93] 1.18% NA [ 1.24% 56.3
11 110 |TANGENT 10.88( 1.66% [ 11.09] 1.52% | 11.02| 1.48% | 12.02] 1.44% NA [ 1.53% 55.7
111 | 111 [TANGENT 11.05) 1.68% | 11.07| 1.51% | 11.01| 1.48% | 12.14 | 1.48% NA | 1.54% 55.8
11.2 | 112 [TANGENT 11.01) 1.27% | 11.07| 1.23% | 11.03| 1.16% | 11.95 NA [ 1.22% 55.4
11.3 | 113 [TANGENT 11.00{ 1.34% [ 11.13 10.97 12.35 NA [ 1.34% 52.9
11.4 | 114 |TANGENT 11.01 10.96 11.10{ 1.21% [ 12.44 NA | 1.21% 53.2
115 | 115 [RT CURVE 11.10) 1.28% | 11.17| 1.24% | 10.87| 1.21% | 12.05 NA [ 1.25% 53.7 16747
11.6 | 116 [TANGENT 11.15) 1.47% | 11.24| 1.37% | 10.86| 1.33% | 12.01 | 1.32% NA | 1.37% 56.3
117 | 117 [TANGENT 11.03) 1.47% | 11.39| 1.44% | 10.90| 1.33% | 12.24 | 1.32% NA | 1.3% 55.6
11.8 | 118 |TANGENT 11.04( 1.64% [ 11.18] 1.57% | 10.91| 1.53% | 12.16| 1.49% NA [ 1.56% 56.0
11.9 | 119 |TANGENT 11.01{ 1.64% [ 11.07) 1.55% | 10.97 | 1.49% | 12.02] 1.45% NA [ 1.53% 53.9
12 120 [TANGENT 11.15) 1.46% | 11.08| 1.38% | 11.00| 1.35% | 11.93| 1.33% NA [ 1.38% 55.8
121 | 121 [TANGENT 11.20) 1.88% | 11.20| 1.80% | 10.90| 1.79% | 12.12| 1.75% NA | 1.80% 55.0
122 | 122 [LT CURVE 10.94) 1.55% | 11.23| 1.64% | 11.01| 1.68% | 12.07 | 1.70% NA | 1.64% 54.8 7558
12.3 | 123 |TANGENT 10.89( 1.28% [ 11.21) 1.26% | 11.09| 1.27% | 11.76| 1.26% NA [ 1.27% 53.2
12.4 | 124 [TANGENT 10.99( 1.25% [ 11.10] 1.19% | 11.64| 1.20% [ 11.42] 1.18% NA [ 1.20% 53.4
125 | 125 [TANGENT 11.02 10.92) 1.49% [ 11.45] 1.42% | 11.58| 1.37% NA [ 1.43% 52.8
126 | 126 [RT CURVE 10.93) 1.63% | 11.08 | 1.58% | 11.33| 1.59% | 11.39 1.54% NA | 1.58% 55.5
12.7 | 127 [RT CURVE 11.04) 3.18% | 11.14| 3.17% | 11.40| 3.15% | 11.23| 3.11% NA | 3.15% 55.9 3908
12.8 | 128 |RT CURVE 11.21(2.93% [ 11.20] 2.98% | 11.51| 2.98% | 11.30| 2.99% NA [ 2.97% 55.2
12.9 | 129 |TANGENT 11.03( 1.48% [ 11.34] 1.49% | 11.27| 1.46% | 11.30| 1.36% NA [ 1.45% 54.3
13 130 [TANGENT 10.90) 1.55% | 11.43| 1.52% | 11.14| 1.50% | 11.43| 1.44% NA | 1.50% 54.0

Section 89 along IH 45 consists of a left curve with a radius calculation of 3,634 ft and a
superelevation of 2.74 percent falling to the left. Figure 63 displays Section 89 during the data

collection.
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Figure 63. Section 89 along IH 45.




Similarly, Section 38 consists of a left curve with a radius of 6,214 ft with an average
superelevation to the left, or inside of IH 45, of 2.82 percent. This dynamic creates a potential
hydroplaning speed of 53.6 mph on a roadway with a posted speed limit of 60 mph. This section
consists of five southbound lanes approximately 12 ft in width. Figure 64 displays a screen shot
from the night of collection, and Figure 65 displays a digital rendering developed with the proof
of concept code. The 1-ft x 1-ft grid discussed in other parts of the report can be seen in the
rendering. The elevation information contained in these grids helps in calculating cross-slopes,
hydroplaning speed, and other elevation-dependent parameters. However, Figure 65 also shows
the challenges associated with data collection on metro sections. Gaps are clearly seen to the far
right of the gridded data. This same challenge exists to the far left when collecting data on rural
sections, but the larger issue on metro sections is that these gaps occur in the direction of data
collection. This discrepancy is one of the primary reasons metro sections should be treated more
like project level analysis.

L

Figure 64. Section 38 along IH 45.
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Figure 65. Section 38 along IH 45 Proof of Concept Code Rendering.

Urban curb and gutter sections also present specific points of analysis that are better evaluated
from a project level perspective. Figure 66 shows a curb and gutter section along SH 30 (Harvey
Rd.) in the Bryan District. Data were collected during daytime hours, and traffic is easily visible
in Figure 66. Traffic to the left of the data collection vehicle presents a target for the laser to
impact prior to making contact with the roadway surface. Traffic impacts occur during rural data
collection as well, but on two-lane facilities the analysis focuses on the data collection lane and
the adjacent roadside, limiting the impacts of passing traffic. Also, in the rural environment, the
volume of traffic causes fewer problems, and the algorithms used to develop the ratings filters
out the erroneous points created by the laser measuring passing vehicles. The filter threshold
allows for ratings when 50 percent measurement occurs. Figure 67 consists of the reflectivity
data generated in the Road Doctor post-processing software that displays 0.1-mi of data with a
truck obscuring a significant amount of data collection to the left of the data collection lane.
Figure 67 was created from data collected along SH 30 (Harvey Rd.) in the Bryan District.
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Figure 66. Urban Curb and Gutter Section Example.

Distance [m]
240 260 250 300 320 340 360 380 400
-15 i r B -15
w
-10 - -10
5 | e - - - B 5
0 0
5L '_..;. =i 1‘_ f_i__ .;'__:_ K _s -.::-_ L g . i bR - . :'— . _._:_ . _____&,‘:w__?,",____:w__,_ :1_.;;‘_____.’.:,_-____..___...;.. o
10 B RTEEERRCEEEREEES e 10
. 4 Al
15 L "] 15

Figure 67. Passing Traffic Impacting Data Collection in a Curb and Gutter Section.

While traffic components and changes in geometry, such as the addition of turn lanes and
intersection elements, impact the ability to rate urban sections in a network-level fashion, data
can be measured that provides valuable information to decision makers. For example, Figure 68
displays a 1-ft x 1-ft digital rendering of SH 30. Within this rendering, the location of the inlets
and outlets for surface water can be seen. Creating this rendering with gridded data allows for the
determination of drainage basins along the data collection section. Knowing the drainage basin
size allows for additional hydraulic calculations for inlet sizing and outside lane ponding that
capitalize on mobile LiDAR-measured, existing drainage conditions. For most hydraulic
calculation, design values are used, but mobile LIDAR now presents an opportunity to use actual
field measurements to redesign or make adjustments.
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Figure 69 consists of two cross-sections generated in the Road Doctor post-processing software.
One of the cross-sections displays the elevation jump that occurs at the curb. Within this 0.1-mi
data collection section, different analyses can be performed regarding features such as curb
height and driveway locations and size. Figure 70 consists of a 0.1-mi data collection section in
an urban environment with multiple driveways. The measurements taken with mobile LiDAR
help in distinguishing the location and size of driveways. The lengths with heights between 6 in.
and 7 in. represent full curb and gutter lengths. Spikes in the data come from the laser impacting
tall objects near the back of curb, such as a vehicle sitting in the driveway, a utility pole, or
vegetation.

Curb opening

for outlet \>

Figure 68. Proof of Concept Code Rendering of a Curb and Gutter Section.
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Figure 69. Road Doctor Processing Software Cross-Section of a Curb and Gutter Section.
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Figure 70. Curb and Gutter Section Analysis.

While difficult to perform at the network level, curb and gutter sections can be evaluated for a
variety of elements that might assist in decision making. Figure 70 provides information that
might be helpful in terms of access management analysis, providing decision makers with
information on driveway size and spacing. If this situation existed within an urban section with a
raised median, an additional data collection could be performed on the inside lane to capture
median opening spacing. By using the information collected on median openings and driveway
spacing, additional evaluation could be performed on access management optimization.
Obviously, this type of analysis more needs to occur at a project level.

Furthermore, collecting data in the outside lane facilitates an evaluation of curb height,
particularly if the gutter pan has hot-mix in it. For specific projects, such as mill and fill in an
urban environment, mobile LIDAR measurements can be used to estimate the thickness of hot-
mix currently in the gutter pan. Other more typical analyses can be performed, such as lane
width, cross-slope, and hydroplaning, if desired.

Mobile LiDAR provides a tool to capture vast amounts of data that can be converted to
information for urban curb and gutter sections and multi-lane metro sections. Unlike rural
highways with roadway and roadside features, urban and metro sections have various geometric
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features that hamper the ability to rate at the network level. Unlike pavement distress that allows
for a particular evaluation in a lane, surface geometry moves beyond the lane and must capture
impacts from other lanes, the roadside, and other asset features such as curb and gutter and inlets.
While algorithms and proof of concept code allow for more rapid processing of LIDAR data with
little manual analysis, they were developed for typical rural environments, and urban and metro
sections present many exceptions. In fact, a generalized network-level algorithm for rural and
metro areas was deemed infeasible because more work must be performed to develop algorithms
and proof of concept code for the exceptions than for the basic generalized code.

Typical measurements on lane width and cross-slope can easily be obtained, but beyond these
simple elements, researchers discovered that detailed inputs of what might help the decision
maker were required to extract the proper data for analysis. Due to the large number of
exceptions within these types of pavement sections, researchers were unable to settle on exact
elements to include in a surface drainage rating. Rather, researchers recommend using mobile
LiDAR techniques within these types of sections to evaluate specific points of concern. In
summary, comparing the surface drainage in a rural area with metro and urban areas is not
comparing apples to apples. Rural areas allow for the creation of network-level tools, while
urban and metro areas contain many exceptions to the rules, thereby essentially forcing the
transition to a more project level review.

DRAINAGE RATING APPLICATION SUMMARY

The surface drainage rating was successfully applied to 73.5 miles of roadway. The rating
consists of three paved surface elements, each contributing 33 percent to the overall paved
surface rating and 16.7 percent to the overall drainage rating. Three additional roadside elements
were rated and contributed 33 percent to the roadside rating and 16.7 percent to the overall
rating. A paved surface rating was equally combined with the roadside rating to generate the
overall rating.

Many low ratings resulted from sections classified as out of shape. Out-of-shape sections
received a rating of 0.0 for cross-slope. Surface ratings were also impacted by hydroplaning
speed calculations. Some of the rural roadways have a posted speed limit of 70 mph or 75 mph,
but the hydroplaning speed calculation indicates hydroplaning potential at less than 60 mph. It is
likely that the design speed for the roadway is less than 70 mph based on the age of the facilities;
nonetheless, the rating was developed based on posted speed in an attempt to capture motorist
behavior.

Roadside ratings were often higher than the paved surface rating. When roadsides received
deductions, it was typically due to either shallow ditches or flat flowlines. Often, front slopes
received perfect ratings, while depth or flowlines received deductions. When this is the case, it
might be possible to deepen and steepen ditches without creating too-steep front slopes and
thereby impacting safety. The paradox between safety and drainage weaves its way through the
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rating. The rating system was developed to acquiesce to safety requirements and then fit drainage
needs within those boundaries. For this reason, the roadside can receive a high rating for the
front slope and a low rating for the ditch depth because these features often counterbalance each
other. In reality, designers and engineers perform the same balancing act. The network-level
surface drainage rating allows engineers to have a performance metric that accounts for both
safety and drainage.

Within the study, proof of concept code was developed for application of the drainage rating.
Significant effort was expended to develop this proof of concept code to deal with the vast
amount of data collected with mobile LIDAR. It is impractical to think that the amount of data
and size of TXDOT’s network can be manually processed; therefore, researchers developed a
proof of concept code to generate network-level ratings. In future implementation projects, this
code can be improved for efficiency, but it presently presents the proof that for rural networks
vast amounts of data can be collected and processed to provide metrics to describe surface
drainage.

Urban and metro sections present several problems in the development of the proof of concept
code. The geometry within these sections varies, and the contribution of the roadside is
sometimes completely nonexistent. These types of sections do not compare to the same roadway
and roadside contributions seen on rural sections. Throughout the course of the project and the
development of proof of concept code, researchers found that extensive work was required to
capture the exceptions that must be accounted for with urban and metro sections. Researchers
concluded that urban and metro sections should be treated more similarly to project level
analyses rather than network-level analyses. Project level analyses can be highly effective with
manual processing, as described in the next section.
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PROJECT LEVEL APPLICATIONS OF MOBILE LIDAR
MEASUREMENTS

The primary objective within this task was to perform project level analyses using mobile
LiDAR and develop recommendations based on that data. Project level analyses were performed
on:

e US 75 in the Paris District.

e RM 652 in the Odessa District.
e US 77 in the Austin District.

e IH 30 in the Atlanta District.

On the US 75 analysis for the Paris District, mobile LIDAR measurements were used to develop
a roadside ditch grading plan and to design an underdrain system. Originally, it was believed that
these drainage improvements would be used to move the water out from under the concrete
pavement to allow for rubblization. The Paris District decided not to pursue rubblization;
nonetheless, mobile LiDAR data were used to perform ditch grading. The underdrain design is
also included in this task report.

The RM 652 analysis included developing a roadside drainage design and new profile design for
a 2-mi portion of the roadway. This roadway potentially sits atop gypsum deposits, making it
necessary to ensure water moves away from the pavement structures as efficiently as possible.
RM 652 has a narrow 100-ft ROW with a 36-ft wide roadway. Mobile LIiDAR assisted in the
design of ditches where ditches were not originally present. The narrowness of ROW forced a
detailed analysis of front slope conditions. This analysis was facilitated by the near continuous
nature of mobile LIDAR measurements.

Mobile LiDAR analysis was used on US 77 to identify rutted locations and provide this
information to district maintenance forces to help make decisions on where to perform
maintenance work. Using mobile LiDAR, rut maps were created on approximately 5 mi of

US 77. In addition to identifying rutted locations, LIDAR data were used to evaluate the roadside
and make recommendations on where drainage improvements were needed.

IH 30, through Titus County in the Atlanta District, was evaluated for rutting using mobile
LiDAR. This portion of IH 30 experienced premature distress. The mobile LiDAR analysis
identified areas of rutting deeper than 0.5 in. in both wheel paths in each outside lane. Areas of
deep rutting were then cross-referenced using the accompanying video to determine if deep
rutting and striping were occurring at the same location.

This task report includes many figures to display LiIDAR measurements and design
recommendations produced by LiDAR analysis. Many of these figures include elevations. These
elevations are only as accurate as the GPS on the MLS. Designs are based on locating a tie-point
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and assuming measurements are relative from that location. The relative assumption provides
accurate measurements for preliminary design development in relation to the actual project.
Additionally, the design is accurate enough to move forward with detailed design based on the
scope and details generated in the mobile LIDAR analysis.

US 75—PARIS DISTRICT
Background Information

A project level evaluation occurred on US 75 on the north side of Sherman, Texas, within the
Paris District. This case study evaluated a 700 m (0.4 mi) segment of US 75 in northern Texas
that has persistent drainage related failures and distresses. Annual maintenance costs for this
section exceed $500,000, with many treatments lasting less than one year. The primary culprit
appears to be water under and within the pavement structure. When water becomes entrapped
within the pavement structure, the strength of unbound layers and subgrade soils is greatly
reduced. Pumping begins to occur that can lead to faulting, cracking, and shoulder deterioration.
Loading a pavement with wet sublayers results in moving the fines out of those layers, leading to
a loss of support (58). Figure 71 shows an example of this type of pumping and faulting from the
case study area.

Fines, pumped to the surface
through the transverse joint.
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Figure 71. Water Pumping through Pavement and ShoulderFauIting at Project Site.
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For any maintenance or rehabilitation technique to perform adequately, the water must be
captured and moved away from the pavement structure. Concrete rubblization, followed by an
overlay, was being considered as a rehabilitation tactic. Prior to rubblization, the base and
subgrade must be dried with the installation of an underdrain system. The underdrain system
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must be constructed in a way that efficiently moves water to the roadside, and the roadside must
be graded to ensure positive drainage continues away from the pavement.

The project site is located on US 75 on the north side of Sherman, Texas, within the TXDOT
Paris District. US 75 is a divided highway traveling north and south, with two lanes in each
direction separated by a large grass median. The pavement structure consists of 0.25 m (10 in.)
of jointed plain concrete pavement over 0.15 m (6 in.) of flexible base, constructed in the early
1980s. The section originally consisted of flexible shoulders and was replaced in 1998 with
0.25 m (10 in.) jointed plain concrete shoulders. Each direction of travel consists of a 1.22 m

(4 ft) inside shoulder, two 3.66 m (12 ft) travel lanes, and a 3.05 m (10 ft) outside shoulder. The
most recent traffic data from 2016 indicated an average annual daily traffic of 54,544 vpd.

An internal TXDOT report from 2012 noted poor drainage at multiple locations along the
corridor. The report indicated that long after rain events, water can be seen standing in ditches,
and there is clear evidence of water pumping through pavement joints (59). Site visits conducted
in 2016 verified these observations. Figure 72 shows the site with water pumping through the
joints and literally squirting up as a truck passes over the pavement.

d water pumping out of the pavement under
i truck loading.

LI Wy

Figure 72. Water Pumping during Truck Traffic Loading.

Water is clearly under the concrete pavement, but another issue is a shallow ditch with its
flowline near the EOP that does not drain well. Figure 73 shows this ditch with water standing
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over a week after the last rain event. At this location, the frontage road rises above the mainlanes,
creating a front slope off of the frontage road that drives the ditch flowline toward the mainlanes.
This presents a significant challenge within the project level analysis.

-~ | Concrete patch in
| northbound lanes. N s

| Ditch flowline offset e
. f near edge-of-pavement S
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Inadequate longitudinal
=l flowline slope. §

= Water standing [
in ditch.

Figure 73. Flat and Shallow Ditch alog US 75.
Potential Project Scope and Design Constraints

Mobile LiDAR was used to collect surface geometry to determine how roadside drainage could
be improved and also to determine how and where a longitudinal underdrain should be placed. In
the plan view, the underdrain should be placed longitudinally along the joint between the
mainlanes and shoulder, ensuring that water under the traveled way is captured and moved out.
To move the water out, underdrain lateral lines must be constructed to convey the water from the
longitudinal line to the roadside.

Many design constraints exist within this project. First, the area in question is in a speed zone
transition leaving town. The speed limit increases within the project limits to 75 mph. At this
speed limit, the front slope off of the mainlane shoulder must remain as flat as possible. The
flowline of the ditch must be lowered below the bottom of the pavement structure and have
positive drainage. The cut required in the ditch must not compromise slope steepness. To obtain
the required cut and maintain a flat front slope off of the mainlanes, it would be easiest to move
the flowline of the ditch horizontally toward the frontage road. Unfortunately, this cannot be
done without creating too steep of a frontage road front slope. The existing front slope along the
northbound frontage road is as steep as 4.2H:1V, with a prolonged slope (~230 ft) of steeper than
5H:1V, all measured with mobile LIiDAR. Using LIDAR data, it is known that the height of the
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front slope is between 14 ft and 15 ft, and steepening it creates slope stability concerns. During
project level analysis, the frontage road front slope is kept as flat as possible, with flatter than
3.5H:1V desirable.

Project Level Analysis and Design

The primary area of interest discussed in this study is a section along the northbound lanes, near
a ramp merge point with a shallow, flat ditch along the roadside. Figure 74 shows this location.

Shallow Ditch

Figure 74. Project Level Location.

The following design questions were addressed using data collected with mobile LiDAR:

1. What are the limits of the drainage issue along the outside EOP?

How shallow is the outside ditch in relation to the pavement structure?

3. What cut is required in the ditch flowline to achieve positive drainage while ensuring
both mainlane and frontage road front slopes do not exceed design tolerance?

4. What are the anticipated front slopes on the mainlanes and frontage road after
rubblization and overlay?

5. With these cuts, where are the flowline daylight points?

6. How does the ditch flowline coordinate with the underdrain flowline to ensure water
is moved out from under the mainlanes?

7. What is the fall and suggested spacing for the underdrain laterals?

N

During data processing, the data grid was built on 2-ft transverse and longitudinal increments.
Additionally, raw reflection data were used to determine the location of lane striping and the
EOP. Figure 75 displays the area of interest using LiDAR reflection data.
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Figure 75. Project Plan View Displayed with Reflection Daté.

All dimensions in Figure 75 are in meters. The reflection data clearly illustrate the pavement
striping. The ramp completes its merge near the 915-m location in the longitudinal direction. The
extent of the hill between the mainlanes and frontage road is also clear from approximately

800 m to almost 1000 m. Concrete patches are also easily visible in the reflection data.

To answer the design questions above, the existing highpoint of the ditch must be found, and the
future highpoint of the ditch must be determined. This highpoint will dictate the limits of the
drainage problem. Using LIDAR data, it is known that the existing ditch highpoint is located
near 810 m. The flowline at this point is higher than the bottom of the pavement structure. From
the highpoint, the existing ditch flows to the north with an approximate slope of 0.6 percent. The
flatness of the slope keeps the flowline above the bottom of the pavement structure for over

200 m (650 ft).

To visualize the problem and potential solution, Figure 76 displays the current bottom of
pavement structure elevation compared with the existing ditch flowline elevation and the
proposed ditch flowline elevation. These elevations were generated from LiDAR-collected data.
The longitudinal reference in Figure 76 matches that in Figure 75 and travels parallel to the
northbound mainlane centerline. Existing conditions are built upon LiDAR data, which collects a
measurement each time it encounters a target object. This can make the data look noisy, but it
provides significantly more information to develop a preliminary design than traditional
techniques.
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Figure 76. Existing and Proposed Elevations.

The current flowline of the ditch is at or near the bottom of the pavement structure elevation
from the 800-m mark to approximately 1025 m. The highpoint of the existing ditch near 810 m is
also clear in Figure 76. The proposed highpoint was moved to 850 m. This location was fixed
after multiple iterations for design. The elevation of the highpoint was also set to 0.15 m (6 in.)
below the bottom of the pavement structure. This value was selected so that a 0.15 m (6 in.)
underdrain pipe could be installed below the existing pavement structure. From this point,
moving both north and south, the goal is to lower the flowline of the ditch to provide adequate
outfall slope for the underdrain. To lower the flowline to the bottom of the pavement structure, a
cut of 0.24 m (0.78 ft) is required. The new front slope adjacent to the mainlanes will be
8.27H:1V. From this point, the ditch should be graded at a 1.5 percent fall to the south.
Following the existing horizontal flowline of the ditch, daylight should be achieved
approximately 110 m (360 ft) to the south. Using the existing ditch alignment, daylight should
occur approximately 15.5 m (50.5 ft) from the edge of the ramp, measuring perpendicular to the
mainlanes. Moving back to the highpoint, the ditch should be graded to drain to the north at

1.5 percent for 30.5 m (100 ft). At this point, the cut should be approximately 0.51 m (1.68 ft),
creating a front slope approximately 5.3:1 after final pavement construction. After grading at

1.5 percent for 30.5 m (100 ft), the grade of the ditch should be flattened to 1 percent to the north
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and held for another 30.5 m (100 ft). At this point, the cut is likely to be just above 0.61 m (2 ft),
creating a 4.8H:1V front slope. Again, the flowline slope should be flattened to 0.5 percent to the
north and held for 59 m (195 ft), where the cut will be approximately 0.43 m (1.4 ft) and the
front slope will be 6.4H:1V. Finally, at this point, the flowline should be steepened to 2.4 percent
to the north and held until daylight. Daylight is expected to occur an additional 79.25 m (260 ft)
to the north. As with drainage to the south, drainage to the north should follow the existing
horizontal offset of the flowline.

Figure 76 and the associated descriptions answer the first five questions raised in the preceding
section. The questions, with answers, are relisted below:

1.

What are the limits of the drainage issue along the outside EOP? Using the existing
horizontal flowline offset, daylight is expected near 740 m and 1050 m. The amount
of ditch grading required is expected to be approximately 310 m (1015 ft).

How shallow is the outside ditch in relation to the pavement structure? The existing
flowline is above the bottom of the pavement structure for over 225 m (735 ft).
What cut is required in the ditch flowline to achieve positive drainage while ensuring
both mainlane and frontage road front slopes do not exceed design tolerance? The
cuts and front slopes are variable. Table 38 displays cut information provided to the
TxDOT district and ultimately to a ditch grading contractor. This cut information
formed the basis for actual field construction. These cuts were developed completely
from LiDAR data. Figure 77 displays the expected future front slope.

What are the anticipated front slopes on the mainlanes and frontage roads after
rubblization and overlay? Figure 77 provides information on the expected front slope
for the mainlanes and frontage road.

With these cuts, where are the flowline daylight points? These points are listed in the
answer to question 1, where the limits of construction are defined.
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Table 38. Designed Ditch Cuts and Slopes.

Approx.

FL Ditch
Location  Offset Depth of Flowline

(m) (m) cut (m)  Slope
-110 15.4 0 -1.50%
-91 14.1 0.144 | -1.50%
-76 14.5 0.56 -1.50%
-61 12.7 1.12 -1.50%
-46 7.1 0.973 | -1.50%
-31 7.3 0.774 | -1.50%
-16 5.7 0.547 | -1.50%

Highpoint| 4.6 0.239

16 4.6 0.42 -1.50%
31 4.6 0.513 [ -1.50%
46 4.9 0.629 | -1.00%
61 4.9 0.646 | -1.00%
76 5.5 0.695 | -0.50%
91 5.5 0.626 | -0.50%
106 5.5 0.633 | -0.50%
120 6.1 0.462 | -0.50%
137 6.1 0.726 | -2.40%
152 7.3 1.03 -2.40%
167 11.6 1.102 | -2.40%
182 13.4 0.868 | -2.40%
197 24.4 0.251 | -2.40%
200 24.4 0 -2.40%
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Figure 77. Mainlane and Frontage Road Design Front Slope Steepness.

Figure 77 indicates frontage front slopes remain at or near 4H:1V except for a short section
between 900 m and 950 m. Even within this section, the frontage front slope maximum steepness
is 3.78H:1V, a steepness that assuages slope stability concerns. Mainlane front slopes will
become steeper than 6H:1V, specifically in the area where the current ditch is shallow and
closest to the EOP. For the most part, final mainlane front slope steepness—that is, after
rubblization and overlay—will be near 5H:1V. The use of LIDAR in this design presents
engineers with the unique ability to completely understand the front slopes and how different
techniques may affect those slopes. Ultimately, a more informed design decision is made.

While solving the roadside drainage issue is integral, it will only be effective if it is done in a
way that provides positive drainage to the underdrain system. Mobile LIDAR measurements
provided accurate surface data on US 75. The surface of US 75, within the area of interest, has
0.5 percent fall toward the north. With a flat profile grade, minimizing the cut to the underdrain
flowline becomes challenging. Using a 0.15 m (6 in.) diameter underdrain pipe, the minimum cut
from the pavement surface is 0.56 m (22 in.). This cut is required to get below the pavement
structure of 0.41 m (16 in.) and account for the 0.15 m (6 in.) diameter pipe. Figure 78 displays
two underdrain options, along with the preliminary longitudinal underdrain design provided to
TxDOT.
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Option 1 in Figure 78 sets the underdrain highpoint at the ditch flowline highpoint and provides
2 percent fall in each direction. With this option, by the 1050 m mark, the cut below the
pavement surface exceeds 3 m (9.8 ft). Option 2 moves the underdrain highpoint to the 740-m
location and places the flowline at the minimum cut of 0.56 m. One percent fall is provided to
the north to 1050 m. Even with a flatter flowline slope, the cut at 1050 m exceeds 2 m (6.6 ft).
Using the LIDAR data for design, it is clear that the longitudinal underdrain must be placed with
a very flat flowline slope. Through multiple iterations, a design was provided placing the
underdrain highpoint at 740 m with the minimum cut of 0.56 m. The design underdrain passes
through the 850-m mark with a flowline elevation equal to the new roadside ditch flowline
elevation. This flat spot is overcome by designing lateral underdrain lines to have adequate fall
on each side of the flat spot.
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Figure 78. Longitudinal Underdrain Path Options.

The description above makes it clear that the lateral underdrain lines will be required to move the
water out from under the pavement structure. The longitudinal underdrain flowline designed in
Figure 78 was done to create a flat spot at the ditch highpoint but allow for lateral pipes with at
least 2 percent fall within 15.24 m (50 ft) of the flat spot. Figure 79 shows potential design slopes
for lateral underdrain pipes. Lateral outfall pipes should be placed at spacings to meet many
design considerations. A primary consideration is moving the water out in a relatively flat area.
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Additionally, lateral spacing should be close enough to allow for periodic clean-out of the
longitudinal pipe. Figure 79 allows engineers to adjust lateral spacing with an understanding of
how steep the flowlines can become. The flat spot is clearly visible at 850 m, but within 10 m
(33 ft) on either side, lateral lines can be placed with 2 percent fall. The longitudinal underdrain
at this location has 0.25 percent fall to the north. The initial underdrain design provided to
TxDOT recommends placing lateral lines at 30 m (100 ft) spacings to ensure water is efficiently
moved out from under the pavement with lateral lines.
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9.00%

An underdrain lateral line placed at
the 900 m location will have a slope
of approx. 5.5%.

8.00%

7.00%
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1.00% | An underdrain lateral line placed at
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of approx. 2.0%.
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Figure 79. Potential Lateral Underdrain Pipe Slopes.

Figure 79 and the descriptions associated with it help answer the final two design questions:

6. How does the ditch flowline coordinate with the underdrain flowline to ensure water is
moved out from under the mainlanes? Figure 78 and Figure 79 illustrate the answer to
this question. In summary, the new flowline of the ditch is low enough to provide
adequate water outfall from the underdrain flowline, which is necessarily flat to avoid

excessive cut within the pavement. The roadside is regraded in such a way to continue to
move water away from the pavement.
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7. What is the fall and suggested spacing for the underdrain laterals? Figure 79 provides
information on percent fall potential for lateral lines. The critical point is near the 850-m
location where the ditch flowline and underdrain flowline are designed at the same
elevation. The ditch is graded to begin to provide lateral fall as quickly as possible
without increasing the cut too much to exceed front slope design constraints. Table 39 is
a small portion of a design table provided to TXDOT. This table combines ditch,
longitudinal, and lateral underdrain information. Arrows within the table indicate

additional data are available within the master table.

Table 39. Flowline Design Table.

New
Design Ditch FL Offset from Mainlane
Location Ditch FL Long. Slope UD FL  UD Long. UDto UD Lateral Front-slope
(m) Elev. (m) (%) Elev. (m) Slope (%) Ditch (m) Slope (%) (#H:1V)
1 1 i 1 i i 1 i
832.638 235.031 1.50% 235.341 -0.25% 9.736 3.18% 7.1
833.247 235.040 1.50% 235.340 -0.25% 10.346 2.89% 8.0
833.857 235.049 1.50% 235.338 -0.25% 10.346 2.79% 8.0
834.467 235.059 1.50% 235.336 -0.25% 9.736 2.85% 7.4
835.076 235.068 1.50% 235.335 -0.25% 9.126 2.93% 6.6
l ! l ! ! l ! !
845.439 235.223 1.50% 235.309 -0.25% 8.517 1.00% 8.3
846.049 235.232 1.50% 235.307 -0.25% 9.736 0.77% 10.3
846.659 235.241 1.50% 235.306 -0.25% 9.126 0.70% 9.4
847.268 235.251 1.50% 235.304 -0.25% 8.517 0.63% 8.3
l ! l ! ! l ! !
850.316 235.296 1.50% 235.296 -0.25% 7.907 0.00% 8.3
850.926 235.287 -1.50% 235.295 -0.25% 7.907 0.10% 8.4
851.535 235.278 -1.50% 235.293 -0.25% 8.517 0.18% 9.3
l ! l ! ! l ! !
855.193 235.223 -1.50% 235.284 -0.25% 9.126 0.67% 9.2
! ! l ! ! l ! !
864.947 235.077 -1.50% 235.260 -0.25% 9.126 2.00% 7.4
l ! l l ! i ! !
869.214 235.013 -1.50% 235.249 -0.25% 9.126 2.59% 6.8
869.823 235.004 -1.50% 235.248 -0.25% 9.126 2.67% 6.6
870.433 234.995 -1.50% 235.246 -0.25% 8.517 2.95% 5.8
! ! l l ! ! ! !

US 75 Project Level Analysis Conclusions

The study described in this article demonstrates how LiDAR data can be used to develop a

preliminary design for the improvement of roadside drainage and installation of underdrain. This
design is vital to the implementation of a permanent rehabilitation strategy for a portion of US 75
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in northern Texas. No rehabilitation strategy will work without removing the water from the
pavement structure. The location in the case study proved challenging because of a shallow and
flat ditch near the mainlanes. The flowline offset of this ditch was controlled by slope stability
concerns of the front slope along the frontage road and mainlane front slope steepness.

Data collected using mobile LiDAR provided the information to develop a preliminary design
that will improve roadside drainage by lowering the ditch flowline below the bottom of the
pavement structure. A grading plan was developed to ensure longitudinal fall of the new ditch.
The design of the ditch works in coordination with the design of an underdrain system to be
constructed at the joint between the mainlanes and shoulder. LiDAR provided the data to design
the underdrain by controlling the depth of cut below the pavement surface while ensuring
adequate lateral fall between the longitudinal underdrain and the ditch flowline. A flat profile
grade along US 75 controlled the allowable fall in the longitudinal pipe to a substantially flat
design. In working through the design flowline of the ditch and coordinating it with the design
flowline of the longitudinal pipe, underdrain lateral pipes were designed to be equipped with at
least 2 percent fall except in a small window near the ditch highpoint.

Cut data and preliminary design information were provided to the TXDOT Paris District. TTI
personnel met with TXDOT and its ditch grading contractor to perform preliminary ditch
cleaning work. This work was deemed advantageous by the district regardless of the ultimate
outcome of the rubblization. TTI worked on site with the ditch cleaning contractor and provided
specific locations to begin ditch cleaning and estimated cut depths. Several weeks after ditch
grading, TXDOT personnel indicated the ditch was still dry, empirically performing better than
prior to the ditch cleaning. Figure 80 shows ditch cleaning work.

Figur 80. Ditch Graing Work&ongU 75.
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Finally, TTI provided three detail sheets to be included in the final plan set used in the
rubblization contract. These plan sheets are provided in the Appendix. Ultimately, the Paris
District decided not to pursue the construction of a 1000-ft rubblized test section.

RM 652—EL PASO DISTRICT
Background Information

A project level surface drainage study might seem out of place in a region that receives less than
1 ft of annual rainfall, but improving the surface geometry along RM 652 is critical to addressing
its needs. RM 652 was identified as a roadway that might be vulnerable to gyp-sink. Using
nondestructive testing, TTI identified locations with high deflections, indicating the potential for
a structural problem. Mobile LiDAR was collected on RM 652 to determine if the locations with
high deflections exhibited profile deviations and to determine if roadside improvements could be
made to ensure water drains efficiently. The primary area of interest and the analysis within
focuses on RM 652 between reference markers 142 and 144.

An initial review of the roadway profile generated using LIiDAR data indicated unusual dips.
These dips corresponded to locations with high deflections that had no ditch depth to facilitate
drainage. While the dips appeared abnormal, the geometry of the dips seemed uniform rather
than chaotic, as would be expected with a sinkhole. Original plan sets were requested and
provided by the El Paso District. Plan sets indicate RM 652 originally consisted of a 24-ft crown
with an 18-ft paved surface within a 100-ft ROW. In or around 1970, the crown was widened to
36 ft within the existing 100-ft ROW. Reference marker 142 corresponds to STA 145+00 from
old plan sets. Within this area, several water crossing dips were constructed within the original
RM 652 profile. Figure 81 shows that these dips exist in the current roadway profile, as
measured using mobile LiDAR.
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Figure 81. Existing Pavement Profiles.

Ensuring adequate drainage along the roadside is critical in mitigating potential gyp-sink along
the corridor. Between reference markers 142 and 144, the natural flow path is to the north
roadside. Figure 82 and Figure 83 are 1970 plan details for the culverts at STA 214+25 and STA
231+70, displaying flow from right to left, or from the south side of RM 652 to the north side.
Within the 2-mi area of interest, these are the only culverts; all other water crossings occur
through dips constructed in the pavement profile. From this point forward, figures include station
numbers rather than reference markers to correspond with potential plan development.
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Figure 82. 1970 Plan Detail for Culvert at STA 214+25.
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Figure 83. 1970 Plan Detail for Culvert at STA 231+70.

The north side of RM 652 is adjacent to the westbound direction of travel, so new design
recommendations begin by addressing the low side, which is the westbound side of RM 652.
Figure 82 and Figure 83 also show the culvert extension required in 1970 to widen RM 652 to a
36-ft crown. The widening of RM 652 presents additional drainage challenges because there is a
need to create ditches, but the width of the roadside is limited by the 100-ft ROW. In an area
receiving little rainfall, as is the case along RM 652, this would not typically cause problems.
However, with the need to improve drainage, the narrow ROW and wide pavement can present
front slope steepness issues, often a controlling factor.

Current Site Conditions

Figure 84 through Figure 87 consist of centerline profile grades with the minimum north
roadside elevation over 3000-ft sections. The northern roadside represents the low point; it is
chosen as the primary point of analysis, allowing for design to proceed upstream. The minimum
elevation offset is graphed using a secondary vertical axis. Minimum elevation offsets less than
20 ft from the EOP indicate the existence of a ditch. When minimum elevation offsets begin to
exceed 20 ft from the EOP, water is trying to leave the ROW, creating a front-slope-only
condition. The built-in dips clearly transition to front-slope-only sections where water wants to
leave the ROW on the north side of the roadway. It is also clear that when a ditch is present, it is
often within 15 ft of the EOP, with a typical distance of 12 ft.
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Figure 86. Pavement Profile, Roadside Minimum Elevation Profile, and Minimum
Elevation Offset (205+00 to 235+00).
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With a typical ditch offset of 12 ft, ditch depths of greater than 2 ft produce front slopes steeper
than 6:1, while 4-ft deep ditches generate critically steep front slopes of 3:1. Figure 88 and
Figure 89 show current ditch depths. Ditch depths represented in these figures are actually the
minimum elevation along the roadside, so in a front-slope-only section the minimum elevation
exists near the ROW line. Figure 84 through Figure 87 show the location of the minimum
elevation in relation to the EOP.
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Figure 89. Existing South Roadside (Adjacent to Eastbound) Ditch Depth.

As expected, the built-in dip areas have no ditch depth. These areas are designed to allow the
water to spill over the roadway from south to north. Therefore, while rainfall in this region is less
than other parts of the state, improving the drainage features along the roadside is critical to the
success of RM 652. Design suggestions are developed with the intent to lower the flow of water
as much as possible in relation to the pavement structure and ensure positive flow when water is
traveling in ditches along the ROW.

LiDAR-Based Design

A potential design strategy to improve drainage within this 2-mi section, along with
rehabilitating the roadway, requires the installation of cross-culverts at the built-in dips.
Installation of a cross-culvert requires raising the roadway profile grade and in turn increasing
the steepness of the front slope. Figure 90 through Figure 93 show a designed westbound EOP
profile compared with the existing westbound EOP profile. These figures also show a designed
ditch flowline elevation. On a secondary vertical axis, the front slope steepness created with the
new design elevations is charted along with the critical steepness of 3H:1V and a desired
steepness of 6H:1V. The front slope steepness assumes that the ditch flowline offset is located
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15 ft from the EOP. Below each figure is a discussion of the design elements within the
respective stations.
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Figure 90. STA 145+00 to STA 175+00 Design Westbound EOP and Ditch Flowline with
Front Slope Steepness.

Figure 90 shows two proposed culverts at the existing built-in dip locations near STA 154+00
and STA 166+50. On the downstream side of the proposed culvert at STA 154+00 is a 1-ft ditch
block to immediately raise the ditch flowline before beginning to fall eastward again. Culvert
diameters of 24 in. are assumed. This placement is the downstream side of the cross-culverts.
There is a proposed flowline slope adjustment near STA 150+00 where the flowline should
flatten from 1.61 percent fall to 1.33 percent fall. Flattening is required to maintain a reasonable
amount of fall on the downstream side of the proposed culvert and ditch block at STA 154+00. If
the culvert at STA 154+00 is placed too deeply, adequate fall cannot be maintained to the culvert
at STA 166+50 without creating a front slope steeper than 3H:1V. The roadside adjacent to the
westbound direction of travel begins to steepen as the new profile grade is raised to span the
built-in dip near STA 165+00. At the location of the culvert, the front slope approaches but does
not exceed 3H:1V since the fill required in the dip exceeds 3 ft. The blue line represents the
current EOP and provides a visual tool to indicate that the installation of culverts at built-in dip
locations requires raising the profile of the roadway.
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Figure 91. STA 175+00 to STA 205+00 Design Westbound EOP and Ditch Flowline with
Front Slope Steepness.

Figure 91 shows a proposed culvert at the existing dip location near STA 182+00. In an effort to
maintain adequate longitudinal flowline fall over long runs, the culvert at STA 182+00 is placed
deep in the ground. This is the only proposed culvert that can be placed without raising the
profile of the road. The depth of culvert at this location increases front slope steepness to almost
the critical level of 3H:1V. A ditch flowline grade break is proposed at STA 198+00. At this
point, the flowline flattens from 1.18 percent to 0.88 percent to help mitigate front slope
steepening that occurs by filling the built-in dip at STA 214+00.
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Figure 92. STA 205+00 to STA 235+00 Design Westbound EOP and Ditch Flowline with
Front Slope Steepness.

Figure 92 consists of the two existing culvert locations near STA 214+00 and STA 230+00. Each
of these existing culverts will need to be replaced to match the proposed design. Prior to reaching
the culvert near STA 214+00, a flowline grade break is proposed near STA 208+00. At this
location, the flowline steepens from 0.88 percent to 1.06 percent. The flowline grade becomes
fairly flat between the culverts, so care should be taken to maintain eastward fall. The culvert at
STA 214+00 includes a 1-ft ditch block immediately downstream to increase the flowline
elevation before continuing eastwardly flow. This ditch block is required to raise the ditch
flowline for adequate fall between culverts. A new culvert should be installed at the built-in dip
near STA 221+00. A culvert is recommended at this location only to facilitate a water crossing,
as originally designed. From a profile grade and ditch flowline perspective, no culvert is required
between the two existing culverts. A more thorough hydraulic study would be required to ensure
the downstream culvert at STA 230+00 would not be overwhelmed without making provision for
water to cross at STA 221+00. At the proposed EOP profile and new ditch flowline, the 3000-ft
section shown in Figure 92 has the steepest continuous front slope. For almost the entire 3000 ft,
the steepness is between 6H:1V and the critical steepness of 3H:1V. The steepest location is
found at the culvert at STA 230+00, where the front slope becomes almost 3H:1V.
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Figure 93. STA 235+00 to STA 250+00 Design Westbound EOP and Ditch Flowline with
Front Slope Steepness.

Figure 93 is the eastern end of this 2-mi section. Beginning near STA 242+00, the profile grade
of RM 652 begins to fall quickly to the east toward a significant low spot where water crosses
and flows back to the south. The uphill flowline grade leaving the culvert at STA 230+00 is the
flattest proposed flowline within the 2-mi section.

As previously stated, within this 2-mi section the north roadside serves as the downstream side in
relation to the south roadside, so design profiles are based on tying in to ditch flowline elevations
shown in Figure 90 through Figure 93. Assuming a 1.5 percent crown and accounting for two
horizontal curves requiring superelevation, a centerline profile and right EOP profile (adjacent to
eastbound traffic) were developed. With a new right EOP, a ditch flowline profile for the south
side of the roadways was designed. Figure 94 shows the design profiles for both ditch flowlines,
both edges of pavement, and the centerline.
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Figure 94. Design Profiles from STA 145+00 to STA 250+00.

One of the primary objectives of the new design is to move surface water away from the
pavement structure. By creating longitudinal fall in the ditch flowline and coupling this fall with
increased ditch depth, water will move away from the pavement quicker and does so at an added
depth. The increase in ditch depth gained in the proposed design is shown for the north roadside
in Figure 95 and for the south roadside in Figure 96. Figure 95 indicates that under the proposed
design, the north roadside ditch depth will always exceed 1 ft, a depth rarely achieved under
current conditions. The depth begins to approach 1 ft between STA 185+00 and STA 195+00
where the roadway enters a left horizontal curve, placing the north roadside on the low side of
the curve. Care should be taken in this area to deal with water approaching the pavement
structure. A potential mitigation strategy would be to pour a concrete flume on the low side of
the curve in this area. As for the south roadside, Figure 96 displays the ditch depth. The ditch
depth on the south side is less than 1 ft in three locations. The first location near STA 154+00
occurs because of the ditch block immediately located downstream of the proposed culvert. This
ditch block shallows the ditch depth only briefly as the longitudinal fall creates more depth, but
the ditch block helps ensure front slope steepness remains flatter than critical as ditch depth
increases. Near STA 205+00, where ditch depth becomes shallowest, the south roadside finds
itself on the low side of a horizontal curve. Once again, because water encroaches on the
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pavement structure in this location, a concrete flume to prevent infiltration might be necessary.
The final location of the shallow ditch occurs near the top of hill at the end of the project, just
before the profile grade falls sharply to the east. Figure 95 and Figure 96 illustrate the increase
ditch depth on both roadsides with the proposed design. These depths are obtained while limiting
front slope steepness to not steeper than 3H:1V. Figure 97 shows the front slope steepness
created by the proposed design. These steepness values assume that when a ditch is present, it is
located 15 ft from the EOP. In many locations, this will require shifting the ditch toward the
ROW line.
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Figure 95. North Roadside Proposed Ditch Depth Compared with Existing Ditch Depth.
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The previous discussion focused on a complete reconstruction of RM 652 between reference
markers 142 and 144. With four built-in dip locations within these 2 mi, isolating a repair
becomes challenging. With the design ditch depths as deep as or deeper than the existing ditch
depth and the fact that the design front slope does not exceed critical steepness despite an
increase in profile elevation, the ditch design can be implemented as long as proposed culverts
are installed. The proposed culverts eliminate the built-in dip locations and offer the potential to
isolate work actions.

Installation of the culvert near STA 154+00 requires paving work to begin near STA 151+00 and
tie-in near STA 155+00. Within this 400 ft, the built-in dip will be filled to cover the proposed
culvert. For the culvert installation near STA 166+50, pavement work must begin near STA
164+00 and can tie in near STA 175+00. While a tie in is possible near STA 175+00, additional
pavement work is required beginning near STA 176+00 to cover the proposed culvert at STA
182+00. Pavement profile work is required to approximately STA 188+00 to install the culvert at
STA 182+00. Replacement of the culvert at STA 214+00 and installation of a new culvert near
STA 221+00 requires pavement work from STA 209+00 to STA 223+00. The existing culvert at
STA 230+00 can be lowered without pavement work beyond the installation of new pipe.

In summary, the minimum pavement work required from reference marker 142 to 144 will
impact 4,100 ft. Within this 2-mi section of RM 652, approximately 0.8 mi of pavement
reconstruction and profile grade changes is required to install the necessary culverts and improve
roadside drainage. By eliminating profile grade changes outside of this 4,100 ft, ditch depths will
not increase as much as if the entire 2-mi section was rebuilt.

Table 40 summarizes the proposed flowline design.
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Table 40. Ditch Flowline Design Summary.

LT (north side) RT (southside) LT (north side) RT (south side)

From STA ToSTA Ditch Grade Ditch Grade Flowline Elev.  Flowline Elev.

145+00 150+00 -1.61% -1.25%
150+00 154+00 -1.33% -1.02%

154+00 3711.00 3711.86
154+00 166+50 -1.02% -1.02%

166+50 3699.29 3700.15
166+50 182+00 —0.79% -0.75%

182+00 3687.06 3688.54
182+00 191+00 0.75% 0.66%
191+00 198+00 -1.18% -1.13%
198+00 204+00 —0.88% -1.13%
204+00 208+00 —0.88% —0.87%
208+00 214+00 —-1.06% -0.87%

214+00 3670.39 3671.05
214+00 221+00 —0.73% —0.73%

221+00 3666.26 3667.12
221+00 230+00 —0.50% —-0.50%

230+00 3661.75 3662.60
230+00 242+00 0.45% 0.45%
242+00 248+00 -1.10% -1.10%

RM 652 Project Level Analysis Conclusions

RM 652 consisted of a unique geometric situation where the roadway functioned as the conduit
for water to pass from one side of the roadway to the other. In the original design of RM 652 in
the early 1950s, low water crossings were built into the pavement profile. Unfortunately, these
locations provide an area for water infiltration into the pavement structure, proving detrimental
because of the presence of gypsum. Using Mobile LiDAR, a new design was developed that
addresses roadside drainage and the pavement profile. The design includes the installation of
culverts and the placement of overburden in the existing dips. Using mobile LiDAR, flowline
grades were developed on the north ROW as the controlling line within the design. Transitioning
these flowline grades to an EOP for westbound traffic was controlled by front slope steepness.
An effort was made on both roadsides to minimize front slope steepness while maintaining at
least 0.50 percent fall in the ditch and maximizing ditch depth.
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US 77—AUSTIN DISTRICT
Background Information

An analysis was performed on US 77 from the City Limits of Giddings to the Fayette County
line. This analysis was performed to provide the Austin District with information on where best
to perform maintenance work to mitigate rutting. In addition to rut identification, roadside
ditches were reviewed to evaluate drainage adequacy. Overall, this portion of US 77 has
extensive bleeding, rutting (particularly in the outside wheel path), and poor roadside drainage.
The typical section of US 77 within these limits is a four-lane roadway, two lanes in each
direction, with no median. From LiDAR measurements, it is known that each lane is
approximately 11-ft wide, and 1-ft shoulders exist adjacent to each direction of travel. In
summary, four lanes of travel exist in approximately a 46-ft footprint. Figure 98 shows LiDAR
reflectivity data, showing the lane markings and width of traveled way and width of paved area.

Edge Stripe

- Lane Skips

i w-'_':a;.b‘_ = e i T T i e S i ¢ e e A A4t - 46-ft (= -

Lane Skips ~

Edge Stripe

Figure 98. US 77 Width.
LiDAR Analysis

The outside lanes in both directions were evaluated for rutting. All rutting measurements,
regardless of direction are referenced from the pavement change near reference marker
476+1.831. At this location, the pavement changes from a recent HMA to seal coat, which is
shown in Figure 99. The analysis ends near the county line where US 77 transitions from two
lanes in each direction with no median to one lane in each direction, near reference marker
482+0.996.
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{Figure 99. Pavement Used as Reference Point \E)n USs 77.

The length of the analysis spanned just over 27,000 ft (approx. 5.11 mi). Both the outside north
and southbound lanes contain long lengths of 0.5-in. or deeper rutting. Table 41 lists the length
of rutting 0.5-in. or deeper in both outside lanes and in each wheel path. This is further illustrated
in the 0.5-mi section breakdowns located in the Appendix. These breakdowns provide a
visualization of where pavement sections are rutted for long runs.

Table 41. Length of Wheel Path Rutting.

Lane Wheel Path Length of Rutting > 15" (ft)
Outside Southbound Inside 5,276
Outside Southbound Outside 11,296
Outside Northbound Inside 6,769
Outside Northbound Outside 6,815

The outside southbound lane clearly has more rutting in the outside wheel path. Table 42
provides the suggested areas requiring rut fill. These areas are also labeled on the breakdowns in
the Appendix. Care was taken to develop realistic lengths of rut fill and to avoid assigning work
to short increments. During the actual rut fill operations, it is likely that areas will be extended or
shortened to feather the material into and out of the rut. All displacement measurements in the
repair location table are referenced from the pavement change near TRM 476+1.831.
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Table 42. Rut Fill Locations.

Section  Location Be_gin E_nd Lane Wheel Length
No. No. Disp. Disp. Path (ft)
SB1 200 475 Outside SB  Outside 275
SB2 875 980 Outside SB Both 105
1 SB3 2135 2575 Outside SB  Inside 440
NB1 370 1750 Outside NB Both 1380
NB2 2270 2675 Outside NB  Inside 405
2 SB4 2625 2805 Outside SB Both 180
3 SB5 6235 6490 Outside SB  Outside 255
NB 3 6530 6700 Outside NB  Outside 170
NB 4 8630 9510 Outside NB  Outside 880
4 SB 6 8670 9030 Outside SB Outside 360

SB7 9700 10360 Outside SB  Outside 660
SB 8 10825 11125 Outside SB  Outside 300
SB9 11680 11820 Outside SB Both 140
SB 10 12330 12535 Outside SB  Outside 205

° NB 5 11075 11200 Outside NB Both 125
NB 6 11655 11955 Outside NB Inside 300
NB 7 12300 12395 Outside NB  Outside 95
SB 11 13130 13420 Outside SB Outside 290
6 SB 12 13775 13850 Outside SB  Outside 75
NB 8 13130 13740 Outside NB  Outside 610
NB 9 14060 14185 Outside NB  Outside 125
7 SB 13 16175 16295 Outside SB  Outside 120
SB 14 17550 18235 Outside SB Both 685
SB 15 18375 18495 Outside SB Outside 120
8 SB 16 19505 24145 Outside SB  Outside 4640
NB 10 19235 19465 Outside NB  Outside 230
NB 11 20075 21005 Outside NB  Outside 930
NB 12 21200 22000 Outside NB Both 800
9 NB 13 22505 23050  Outside NB  Inside 545
SB 17 21440 21685 Outside SB  Inside 245
10 SB 18 24450 27115 Outside SB Both 2665

NB 14 26035 27000 Outside NB  Qutside 965

Because LIDAR data indicated more rutting in the outside wheel path than the inside wheel path,
particularly in the southbound direction, additional LiDAR analysis was performed on the
roadside. The roadside analysis was performed to determine if roadside improvements can be
done to lengthen the life of pavement repairs. Unfortunately, many of the existing cross-culverts
are not deep enough to significantly improve roadside drainage. For example, Section 4 has
shallow ditches, but the cross-culvert within this section is too shallow to gain any significant
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depth along the roadside. Even though depth cannot be created in this section, ditch cleaning to
ensure contiguous positive drainage is advisable. The analysis was performed by identifying
locations where the flowline of the ditch is within 2 ft of the EOP elevation as measured using
mobile LiDAR. Potential work locations were developed based on this criterion and the ability to
improve positive drainage by working upstream from a deep cross-culvert or an area where water
exists at a TxDOT ROW. Figure 100 shows an example. Table 43 shows suggested roadside
ditch cleaning locations and limits. The begin location is referenced from the pavement change at
the north end of the project. The locations are shown visually in the charts in the Appendix.
While no work is shown in Section 4, Section 6, and Section 7, these 0.5-mi sections have
shallow ditches that might need to be deepened, but the cross-culverts are not deep enough to
provide significant cut in the ditch line. Section 7 along the southbound roadside appears to have
a birdbath where the water does not drain either north or south. Also, the TXDOT stockpile
location along the southbound roadside holds water, contributing to rutting in the area.
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Figure 100. Shallow Ditch Depth in Relation to EOP Elevation.
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Table 43. Ditch Cleaning and Grading Locations.

Gradin Downstream Begin End Elow Length of
LOC&tiO?] Roadside  Section Point Work Work Direction Ditch
Description Dist. (ft) Dist. (ft) Cleaning
3700
Front-Slope- — ,q55 ust .~ (ROW o th at
Only Area transitions
1 Southbound 2 south of approx. 775
Where Water driveway) to front 1.85% fall
Exits ROW y slope '
only)
Deen Cross- 5850 (just 6850 (at  South at
2 Southbound 3 CuI\E)ert south of Cross- approx. 1000
driveway)  culvert)  2.85% fall
South at
3 Southbound 5 Cross-Culvert 11050 12135 approx. 1085
1.80% fall
18680
Large Cross- (just south 20; I:Se(at South at
4 Southbound 8 g of small g approx. 1655
Culvert Cross-
Cross- 1.3% fall
culvert)
culvert
21140 22215 (at South at
Shallow (rutter small
5 Southbound 9 approx. 75
Cross-Culvert area on Cross- 0.5% fall
ROW) culvert) 70
23940 (at North at
6 Southbound 10 Cross-Culvert Cross- 24520 approx. 580
culvert) 1.50% fall
25100 (at  South at
7 Southbound 10 Cross-Culvert 24520 Cross- approx. 580
culvert)  2.10% fall
Low Spot South at
8 Southbound 10 Approaching 25100 26060 approx. 960
Bridge 1.30% fall

US 77 Project Level Analysis Conclusions

The rut data generated by mobile LIDAR measurements was used by the district to plan

maintenance paving work to mitigate rutting. Spot maintenance overlays were performed in
areas with the most significant rutting. Figure 101 shows an example of a spot overlay within the
analyzed area. Roadside drainage work has not yet been performed. For this analysis, mobile
LiDAR measurements proved beneficial in identifying the most concerning areas in terms of
rutting and linking those areas with potential roadside improvements.
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Figure 101. Spot Overlay on US 77.

IH 30—ATLANTA DISTRICT
Background Information

A rutting analysis using mobile LIDAR measurements was conducted on IH 30 in the Atlanta
District through all of Titus County, to Morris County, to the Sulphur River. The analysis
included approximately 28 mi of data in the outside eastbound and outside westbound lanes.
Because mobile LiDAR data accompanied video data, data collection was broken up into
approximately 4-mi sections to minimize the file size. The Atlanta District is experiencing
rutting and stripping issues along IH 30.

Mobile LIDAR Analysis

The primary purpose of this analysis was to provide the district with information on where
rutting exceeded 0.5 in. Using mobile LIiDAR data, this information was provided in the left
(inside) and right (outside) wheel paths. Figure 102 shows rutting in the westbound direction,
and Figure 103 shows rutting in the eastbound direction. Reference markers are depicted by the
x-axis. Mobile LiDAR provided almost continuous rutting measurements. For this analysis, 1-ft
increments were used with transverse measurements across the wheel paths taken on 2-in.
increments.
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Figure 102. IH 30 Westbound Wheel Path Rutting.

! ii
177 179 181

=
e |
MQQQQW

1.4
[1H 30 Eastbound Rutting
1.3 T T T ‘ |
* «LT WP
12 4 . |
: ERT WP
1.1 1
g, o, |
£
B
=
509
=
0.8 -
[ |
i | N ) B
0.5 | s & li ’ ‘OJ" ‘-‘-
153 155 157 159 161 163 165 167 169 171 173 175 177 179 181

Reference Marker

Figure 103. IH 30 Eastbound Wheel Path Rutting.

Figure 102, near reference marker 167, depicts rutting in the left wheel path that exceeds 1 in.
and approaches 1 in. in the right wheel path. Unfortunately, this rutting occurs in an area of
newer construction, as shown in Figure 104.
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Figure 104. IH 30 Westbound Area with Deep Rutting.

While Figure 104 does not display visible signs of distress, other areas in the westbound
direction experiencing deep rutting also display signs of potential striping. Figure 105 displays
an image near reference marker 163 in the westbound direction. Left wheel path rutting in this
area begins to exceed 1 in. Figure 105 shows material coming to the surface in both the left and
right wheel path, potentially indicating striping.

b

Figure 105. IH 30 Westbound Location with Deep Rutting and Potential Sti’ipiF\g.

Figure 102 and Figure 103 were provided to the district along with a table of rut depths on 1-ft
increments. This information was presented in a conference call, along with a visual presentation
using post-processing software. During the presentation, rut maps and corresponding video were
used to convey results to district staff. According to district staff, the areas identified as deep
rutting with mobile LiDAR were filed verified.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Mobile LiDAR provides an effective tool to measure various surface geometric features at
highway speeds. Mobile LiDAR techniques are rapidly penetrating industry, but the ability to
process and make sense of the vast amount of data created continues to create challenges. The
use of mobile LiDAR data to generate network-level tools and information is essentially
nonexistent across other state DOTSs. The network-level tool created within this research project
presents an opportunity to add to TXDOT’s overall asset management system with a surface
drainage rating. The surface drainage rating developed through this project includes paved
surface attributes and roadside attributes measured exclusively with a mobile LiDAR device and
processed in bulk with limited manual intervention.

While the initial goal of the project was the development of a surface drainage rating, the project
evolved into a surface rating that captures drainage-related elements. The impetus of this
evolution was the historical tradition of roadway design balancing many design elements. Often,
roadway design requires geometric features that are not as hydraulically efficient as desired but
are required to maintain safety. In order to hold safety paramount, the surface drainage rating
evaluated design compliance of surface elements measured with mobile LiDAR. For example,
while the location of the roadway to roadside interface is important to delineate where to begin
roadside analysis, define the edge for hydroplaning evaluation, and set an elevation to determine
ditch depth, it also allows for the calculation of traveled way width. Traveled way width is an
important safety parameter, and the need to widen a roadway can ultimately impact the roadside
drainage. Therefore, the traveled way width was rated based on design standards and included in
the paved surface rating.

Researchers provide a paved and roadside rating only in the direction of travel. The accuracy of
the data and the density of the point cloud from which to draw information creates the need to
focus the rating in the direction of data collection. As the target surface gets farther from the
laser, the point density decreases. In an effort to limit interpolation between measurements and
improve overall accuracy, researchers chose to only provide a rating in the direction of travel of
the data collection vehicle. For all but one roadway rated, ratings were done in the K1 direction
(i.e., the direction of increasing reference markers). Rating in a single direction also offers
temporal consistency for implementation of the process.

Within this research project, proof of concept code was successfully developed to process vast
amounts of mobile LiDAR data and convert data into a surface drainage rating. The rating
developed specifically applies to rural roadway sections with an unconfined edge. For roadways
such as these, the data are collected on the following elements:

e Traveled way width.
e Data collection lane cross-slope.
e Hydroplaning speed.
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e Right roadside front slope.
e Right roadside ditch depth.
e Right roadside flowline slope.

The first three elements impact the rating of the paved surface, while the last three impact the
rating on the roadside. In addition to creating a sub-rating for each of these elements to feed the
overall rating, a descriptor is provided for the paved surface and the roadside. Using alignment
information from the IMU associated with the mobile LiDAR unit, the alignment of each 0.1-mi
data collection section is defined as either tangent, right curve, or left curve. Subsequently,
processed mobile LiDAR elevation data are used to determine if the roadway is in shape relative
to the expected location of the highpoint on the surface. Roadside drainage receives a descriptive
note of either primarily ditch, primarily front slope, or various drainage that might occur in front
slope to ditch transitions.

Using network-level information generated from mobile LIDAR measurements and developed
within the report, roadway managers and engineers can evaluate roadway and roadside surfaces
for needs. For example, if a data collection section falls within a geometric curve, a cross-slope
rating of less than 1.0 indicates the radius of that curve is shorter than ideal, given the current
superelevation. As the cross-slope rating decreases, the difference in speed at which a motorist
can safely navigate the curve and the posted speed limit increases. A low rating might result, but
the local manager might know or be able to check the video and determine that the proper
advisory sign(s) and/or chevrons are in place. Other investigative techniques provide an
understanding of not only an element within the rating but also if improvements can be made to
that particular geometric element.

The project described within the report produced a rating for 73.5 miles of roadway within four
districts and performed a project level analysis on four different projects. The project level
analyses included providing detailed design for proposed work on US 75 in the Paris District and
RM 653 in the El Paso District. Each of these project level applications required coordinating
between the paved surface and the roadside. A project level analysis was also performed on IH
30 in the Atlanta District and US 77 in the Austin District. The primary output for each of these
analyses were rut maps for maintenance decision making.

The current surface drainage rating is limited to rural sections. This limitation comes from the
desire to automate as much of the network-level processing as possible as well as geometric
limitations on urban and metro sections. Urban and metro sections have little to no roadside that
contributes to the overall drainage rating. Also, for the water to exit the roadway in these
sections, inlets or barrier openings must be identified. The ability to identify these at the network
level with minimal manual processing is not feasible. Presently, researchers recommend treating
urban and metro sections like project level analyses.
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Researchers recommend selecting a single district to implement the rating across the entire rural
network. A review of wet weather crashes should take place during the complete implementation
to validate hydroplaning speed output. Also, by implementing the rating across a district,
additional study can be performed on potential drainage impacts on pavement performance. The
US 77 project level analysis seems to indicate that ditch depth and outside wheel path rutting
could be related. The rating system was applied to FM 1660 in the Austin District and FM 1696
in the Bryan District. These results were not discussed within, but each of these sections were
scheduled for rehab work. Both roadways were determined to be significantly out of shape, but
no other obvious drainage-related issues were present. A lack of temporal surface measurement
information limits this analysis, but casting a wider net across an entire district could help better
determine the relationship between drainage performance and pavement performance.
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APPENDIX

SURFACE DRAINAGE RATING PSEUDOCODE

Legend
Bold font represents a descriptor for an entire data collection section

Xrs = Right edge stripe offset

Xreop = Right edge of pavement offset

Xis = Left edge stripe offset

XLeop = Left edge of pavement offset

XcL = Centerline stripe offset (to first stripe left of the data collection vehicle)

WrTtLn = Width of right lane

WhrrsHLp = Width of right shoulder

Worn = Width of left lane

WetsHip = Width of left shoulder

j = point in analysis

j+1 = values with larger o than j, therefore j+1 exists to the left of j in the physical world, but to
the right in the scanner data table.

j—1 = values with smaller a than j, therefore j—1 exists to the right of j in the physical world, but
to the left in the scanner data table.

XSix1 = any cross-section taken from the 1-ft x 1-ft grid

XSsx3 = any cross-section taken from the 3-ft x 3-ft grid

Emax = maximum elevation from within a cross-section or transverse string of data

Emin = minimum elevation from within a cross-section or transverse string of data

OSmax = horizontal offset to maximum elevation point

OSmin = horizontal offset to minimum elevation point

OSmaxadj = Offset with maximum frequency adjacent to either of the two highest frequency offsets
OSwp = average paved highpoint offset within a data collection section

OShetween = Offset between the two highest frequency offsets for either maximum elevation or
minimum elevation

OSmid = horizontal offset to the middle of the paved surface

Emia = elevation of the middle of the paved surface

OSrtmax = maximum right offset within analysis area

OSLtmax = maximum left offset within analysis area

OSrirst = the first transverse offset beyond the edge of pavement used in 3-ft x 3-ft grids

Esirst = elevation associated with the first transverse offset beyond the edge of pavement in 3-ft x
3-ft grids

LOCec = longitudinal location at a point of curvature

LOCert = longitudinal location at a point of tangency

Azrc = Azimuth from IMU table at point of curvature

Azpt = Azimuth from IMU table at point of tangency

Erc, Ept, Nrc, Nt = easting and northing from IMU table for point of curvature and point of
tangency

LC = length of chord for a horizontal curve

I = angle between the intersection of the projection of Azrc and Azpt

R = curve radius
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General Information
e Need a prompt to input:
o TxDOT District.
0 Posted speed limit (0 mph as minimum and 85 mph as maximum).
o Surface type, surface options are listed below.
= Concrete—“CONC.”
= Dense graded hot-mix asphalt—*“HMA.”
= Open graded surface—“0GC.”
= Good condition seal coat—"“ST.”
= Flushed or shelled seal coat—“FST.”
= Unknown asphaltic surface—“ASPH.”
o Daily traffic (0 is the minimum limit and 1,000,000 the maximum).

Surface Extraction
Surface extraction requires the rawest form of data. These data consist of a reflectivity value and

straight-line distance from the laser to the target object at each location.

Find right edge stripe.
e Evaluate each transverse string of data within the data collection section.
e For25°<a<75°.
0 If225 <R <254 output a, distance, and “Stripe Found” for the transverse string
being analyzed.
= Elseif R is never between 225 and 254, output “No Stripe.”
o If “Stripe Found” frequency < 35 percent of all transverse strings, output “No
Stripe in this Section.”
o0 If “Stripe Found” frequency > 35 percent.
* Find 5 most common a values (oxs, 0s, M, 0L, 0XL).

o IfoaxL— axs <9.5° (increased to 5 most common and 9.5° to
account for up to 2' wander in the striping).

0 And X axs, as, am, oL, axL > 35 percent of “Stripe Found”
count, calculate the associated average a and distance. Use
the average values to calculate an offset to the right edge
stripe, XRs.

0 Xrs is calculated using the following geometry:

»  If0<90°, Xrs = Distance*sin(90° — a).
= For the right side, a will always be less than 90°.
o Output, “Right Edge Stripe at Xrs distance.”
= Elseif, “Stripe Found” frequency > 35 percent, but the other conditions are
not met, output “Error.”
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Find right edge of pavement.

e If the section was defined as “Right Edge Stripe at Xrs distance,” cut the data and only
use transverse strings that contain stripe. Each transverse string where stripe was found
will be analyzed.

0 For 30° < a < astripe and subscript j represents the point of analysis.
* If Rj1— Rj>20 (Jump 20 rule where smaller a should have larger R value.
The opposite cannot meet the jump rule.).
o Average Rj+1, Rj+2, Rj+3 = Rjavg
e If Rj1 — Rjavg > 10, output and store the a, distance associated with
Rj and note “RT Edge Found” for the transverse string.
o Elseif, the jump and average check are not found, output
“RT Edge Not Found” for the transverse string.
e IfX(RT Edge Found) > 35 percent frequency,
0 Find the 4 most common o values (as, am, oL, 0XL).
= IfoxL—as<9°.
= OroaL—-o0s<9°
= OroxL—oam=<9°.
* And X(a within 9°) > 35 percent frequency.

e Average a and distance. Use the average
values to calculate an offset to the right edge
of pavement, Xreor.

e Xgeor is calculated using the following
geometry:

e Ifa<90° Xreor = Distance*sin(90° — o).

e Output, “Right edge of pavement at Xreop
distance.”

e Else, output “RT Edge Not Found.”
e |f the section was defined as “No stripe in this section,” use on transverse strings with
no stripe to look for the EOP.
0 For45°<a<70°,
* If Rjx— Rj>20 (Jump 20 rule where smaller o should have larger R value.
The opposite cannot meet the jump rule.).
o Average Rj+1, Rj+2, Rj+3 = Rjavg.
e If Rj1 — Rjavg > 10, output and store the a, distance associated with
Rj and note “RT Edge Found” for the transverse string.
0 Elseif, the jump and average check are not found, output
“RT Edge Not Found” for the transverse string.
e IfX(RT Edge Found) > 35 percent frequency,
0 Find the 4 most common o values (as, oM, oL, 0XL).
* JfoaxL—as<9°.
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= OroL-oas<9°.
= OroxL—oam=<09°.
* And Z(o within 9°) > 35 percent frequency.

e Average a and distance. Use the average
values to calculate an offset to the right edge
of pavement, Xreor.

e Xgeor is calculated using the following
geometry:

e Ifa<90° Xreor = Distance*sin(90° — a).

e For the right side, o will always be less than
90°.

e Output, “Right edge of pavement at Xreop
distance.”

e Else, output “RT Edge Not Found.”

Find right shoulder.

e |f the section was defined as “No stripe in this section,” output “No Right Shoulder.”

e |f the section was defined as “Right Edge Stripe at Xrs distance,” cut the data and only
use transverse strings that contain stripe. Each transverse string where stripe was found
will be analyzed.

0 Rj=location of stripe with corresponding a;.

0 For Rj1, Rj2, Rj-3, average R values = Rrravg (this is the average of the 3 R values
to the right of the right edge stripe, thus smaller a values).

0 For Rj+4, Rj+s, Rj+6, average R values = Rirtavg (this is the average of the 3R
values to the left of the right edge stripe. By using Rj+s, it adds 2.6668° to R; to
make sure it is left of the right edge stripe).

0 If abs(Rrtavg— RLTAvg) < 10, output “SHLD” for that transverse string of data

= [fX(SHLD Count) > 35 percent,
e And, “Right Edge Stripe at Xrs distance” and “Right edge of
pavement at Xreop distance” output “Right Shoulder.”
o0 Elseif the section was defined as “Right Edge Stripe at
Xrs distance” and “RT Edge Not Found,” output
“Unknown.” (This accounts for those sections where stripe
and shoulder are found, but the edge cannot be defined.)
= Elseif the section was defined as “Right Edge Stripe at Xrs distance”
and “RT Edge Not Found,” output “No Shoulder, EOP at Edge Stripe”
(this accounts for those sections where stripe is found, but shoulder and
edge are not).
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0 When “No Shoulder, EOP at Edge Stripe” is the
descriptor for the data collection section, output “Right
edge of pavement at Xgs distance.”

Find the left edge stripe.
e Evaluate each transverse string of data within the data collection section.
e For140°<a <165°
o If170<R;
= And (Rj- Rj-1) > 15 output a, distance, and “Stripe Found” for the
transverse string being analyzed.
= Else output “No Stripe.”
o If “Stripe Found” frequency < 25 percent of all transverse strings, output “No
Stripe in this Section.”
o0 If“Stripe Found” frequency > 25 percent.
* Find 2 most common a values (as, aL).
o IfoL—as<3°
0 And X as,oL > 40 percent of “Stripe Found” count,
calculate the associated average a and distance. Use the
average values to calculate an offset to the left edge stripe,
Xis.
0 Xus is calculated using the following geometry:
* On the left side, o will always be greater than 90°.
= Ifoa>90° Xis = Distance*sin(a — 90°).
o Output, “Left Edge Stripe at -X,s distance.”
= Elseif, “Stripe Found” frequency > 25 percent, but the other conditions are
not met, output “Error.”

Find left edge of pavement.

e |f the section was defined as “Left Edge Stripe at —Xs distance,” cut the data and only
use transverse strings that contain stripe. Each transverse string where stripe was found
will be analyzed.

0 For (astripet2 o increment)® < o < 165°.
* If Rj+1—Rj> 15 (Jump 15 rule where larger o should have larger R value).
e Average Rj+2, Rj+3, Rj+4 = Rjavg.
e If Rjavg — Rj > 10, output and store the a, distance associated with
Rj and note “LT Edge Found” for the transverse string.
o Elseif, the jump and average check are not found, output
“LT Edge Not Found” for the transverse string.
e |If (LT Edge Found) < 35 percent frequency, output “LT Edge
Not Found.”
0 Else, find the 2 most common a values (as, aL).
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Or oL — as <4°.
And Z(a within 4°) > 25 percent frequency.

e Average a and distance. Use the average
values to calculate an offset to the right edge
of pavement, XLeor.

e Xieor is calculated using the following
geometry:

For the left side, a will always be greater than 90°.
If o > 90°, XLeop = Distance*sin(a — 90°).

Output, “Left edge of pavement at —X_eop
distance.”

e Else, output “LT Edge Not Found.”
e |f the section was defined as “No stripe in this section,” use only transverse strings with
no stripe to look for the edge of pavement.

0 For 135° <a <155°,

»  |f Rj+1—Rj> 15 (Jump 15 rule where larger o should have larger R value).
e Average Rj+2, Rj+3, Rj+4 = Rjavg.
e If Rjavg — Rj > 10, output and store the a, distance associated with
Rj and note “LT Edge Found” for the transverse string.
o Elseif, the jump and average check are not found, output
“LT Edge Not Found” for the transverse string.
e IfX(LT Edge Found) < 35 percent frequency, output “LT Edge

Not Found.”

0 Else, find the 2 most common a values (as, aL).

Or oL — as <4°.
And Z(a within 4°) > 25 percent frequency.

e Average a and distance. Use the average
values to calculate an offset to the right edge
of pavement, XLeor.

e Xieor is calculated using the following
geometry:

For the left side, a will always be greater than 90°.
If a > 90°, XLeop = Distance*sin(a — 90°).

Output, “Left edge of pavement at —Xeop
distance.”

e Else, output “LT Edge Not Found.”

Find the center stripe.

e Evaluate each transverse string of data within the data collection section.

e For90° <a<140°.
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0 If225 <Rj<254 output astripe, distance, and “Stripe Found” for the transverse
string being analyzed.
= If “Stripe Found,”
e For astripe + 3° < a0 < aistripe + 12°.
0 If215<Rj<254, output “Double Stripe,”
= Else, output “Single Stripe.”
= Elseif R is never between 225 and 254, output “No Stripe.”
e Find the 3 most common ostripe (OStripe1, OStripe2, OiStripe3).
o If abS((lStripel - U.Stripez) <8&°.
0 And abS(OLStripel - U.StripeS) <8&°.
0 And abS(OLStripeZ - U.StripeS) <8&°.
0 And X frequency(astripet, Ostripe2, Ostripe3) > 40 percent X frequency(all astripe).
= Average (0stripel, Ostripe2, Ostripe3) aNd (dstripe1, dstripe2, dstripe3).
= Calculate a stripe offset.
o XcL= dangtripe*Sin((Xangtripe_ 900).
e Output, “Centerline stripe at —XcL distance.”
o Else, output “Centerline stripe not found.”

Average to fill in gaps.
o |f the offset to edge stripe or EOP is not found within a data collection section, but is

found in other data collection sections.
0 Average the offsets for those data collection sections where it is found and assign
the average as the relevant offset to those data collection sections with missing
offsets.

Calculate width of interest.
e If Xrsand Xcv are defined.
0 WhRriN = (Xrs — XcL).
=  Qutput “Right lane WgrTLn Wide.”
o0 Elseif Xcv is defined, no right stripe (no Xrs), and Xreor is defined (accounts for
roadways with no edge stripe).
= WRLNn = (XRreop — XcL).
=  Qutput “Right lane WgrtLn wide.”
e Elseif XcL unknown.
o Output “Right lane width unknown.”
e If Xis and XcL are defined.
0 WLoLtin = (XeL — Xis).
=  Qutput “Left lane Wty wide.”
0 Elseif Xcu is defined, no left stripe (no Xis), and XvLeor is defined (accounts for
roadways with no edge stripe).
= Worin = (Xeeop — XcL).
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= Qutput “Left lane Wty wide.”
e Elseif Xis or XcL unknown.
o Output “Left lane width unknown.”
e |If Xrs # Xreor and Xrs and Xreor are defined.
O WHRTsHLD = (XReop — XRs).
0 Elseif Xrs = Xreopr.
=  WRrsHLp = 0.
=  Qutput “Right shoulder width WrrsnLp wide.”
o0 Elseif Xrs and Xreor are unknown.
=  Qutput “Right shoulder width unknown.”
e |f Xis# Xieorand Xis and XLeop are defined.
0 WotsHLDp = (XLs — XLEoP).
0 Elseif Xis = XLeor.
= WoirsHo = 0.
= Qutput “Left shoulder width WtsHLp wide.”
o0 Elseif Xvs and XcLeop are unknown.
= Qutput “Left shoulder width unknown.”

Rate the lane widths.
e Note: The rating is the same for both the right and left lane widths.
0 Calculate rated width, Witrate (Or WRTRate).
*  WitRate = WLTLN + 0.5* WLTSHLD.
*  WRrRrtRate = WRTLN + 0.5* WRTSHLD.
o If WLTRate (Or WRTRate) > 12.
0 LNRating = 1.0.
o If 11 < Witrate (Or WRTRate) < 12.
0 LNRating = 0.1*(WLtRate (Or WRTRate)) — 0.2.
o If9 < WitRate (Or WRTRate) < 11.
0 LNRating = 0.2*((WLtRate (Or WRTRate)) —1.3.
o |If 8 <WLTRate (Or WRTRate) < 9.
0 LNRating = 0.5*((WLtRate (Or WRTRate)) — 4.
o |If WLTRate (O WRTRate) < 8.
o LNRating =0.0.

o Else
= LNRating = Unknown.
o0 Output LNRating for each lane with a data collection section.

Paved Geometry Calculation

Geometric calculation requires a transition from raw data to gridded data on 1-ft x 1-ft grids. The
gridded data are formatted with row descriptors associated with longitudinal location parallel
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with the direction of travel, while the column descriptors represent horizontal offsets moving
transversely across the pavement. In the transverse direction, the location of the laser represents
the zero point, not the roadway centerline. The matrix is populated with elevation values
corresponding to a longitudinal and transverse point.

Extract the paved surface.
e Call Xrs, Xreop, XLs, XLeor, XcL.
e Chunk the data into 161 m (0.1-mi) data collection sections that match the sections
associated with raw data.
e If edge striping was found.
0 Extract the paved surface from each chunk of data by selecting offset values
inside Xrs and Xs.
o If edge striping was not found.
= Extract the paved surface from each chunk of data by selecting offset
values inside Xreor and XiLeor.

Find the highpoint and its offset.
e For each XSixi.

0 Find maximum elevation, Emax, and

0 Find offset, OSmax, to maximum elevation.
e Determine the frequency distribution of OSmax.
e Find the two most common OSmax (OSmax1, OSmax2) from the frequency distribution

0 If abs(OSmax1 — OSmax2) < 0.31.

= ¥ frequency(OSmaxi, OSmaxz, Highest OSmaxadj).
o IfX frequency(OSmax1, OSmax2, Highest OSmaxadj) > 50 percent.
0 Average(OSmaxt, OSmax2, OSmaxadj) = OSHe.

= Qutput “Pavement highpoint offset = OShp.”
0 Or Else abs(OSmax1t — OSmax2) < 0.61.

= ¥ frequency(OSmaxt, OSmax2, OSbetween).

o IfX frequency(OSmax1, OSmax2, OSbetween) > 50 percent.
o Else output “Pavement highpoint offset unknown.”

Classify the section.
e |f the OSwp is defined above.

o0 Define the offset of the middle of the paved area and its elevation.
=  OSnmid = nearest gridded offset value to Xct.
= Emig = elevation at OSmid.

0 If (Min(OSmax1, OSmax2, OSmaxadj) — 0.31) < OSmid < (Max(OSmax1, OSmax2, OSmaxadj)

+0.31).

= Or
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(0}

o

o If (Min(OSmax1, OSmax2, OSbetween) — 0.31) < OSmid < (Max(OSmax1,
OSmax2, OSbetween) + 0.31).
o Output “Tangent.”
Elseif (max(OSmax1, OSmax2, OSbetween) + 0.31) > OSHp > OSLTmax.
= Or
e Elseif (max(OSmax1, OSmax2, OSmaxadj) — 0.31) > OSHp > OSLTmax.
o0 Output “RT Curve.”
Elseif (min(OSmax1, OSmax2, OSpetween) — 0.31) < OSHp < OSRTmax.
= Or
e Elseif (min(OSmaxl, OSmax2, OSmaxadj) - 0.31) < OSHpP < OSRTmax.
0 Output “LT Curve.”

e |f the OSwp is not defined above.

o

O O 0O 0O O O

e FElse.
(0]

If the preceding data collection section = “Tangent.”
And
If the succeeding data collection section = “RT Curve” or “LT Curve.”
Or
If the preceding data collection section = “RT Curve” or “LT Curve.”
And
If the succeeding data collection section = “Tangent.”
=  Qutput “Curve Transition.”

Output “Out of shape.”

Calculate the LT and RT cross-slopes.

e Only use cross-sections used to classify the section within this analysis (at least

50 percent of the original 528). Includes the three most common offset values.
e If the cross-section is classified as “Out of Shape” leave blanks for the cross-slope.
e Else, extract offsets for left and right stripe.

o

(0]
o
o

Find nearest 1-ft transverse offset inside of Xrs and Xus (or if striping is not
found the nearest 1-ft transverse offset inside of Xreop and XcLeop).

Use Xrsicrid and Xisicrid to represent the 1-ft transverse offsets.

And

Use Ersicrid and EvLsicrid to represent the elevations corresponding with Xrsi6rid
and XLs1Grid.

e If the section is classified as “Tangent.”

o
o
o

CSrt = (Emax— Ers16rid)/(OSHpEach — XRs1Grid)
CSLT = (Emax— ELs16rid)/(OSHPEach — XLs1Grid)
Or
= |f the section is classified as “Right Curve,” calculate the superelevation
for the entire roadway.
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e CSLt = CSRT = (Emax— Ers16rid)/(OSHp — XRs16Grid).
= Or
e |f the section is classified as “Left Curve.”
0 CSiLt = CSrT = (Emax- ELs16rid)/(OSHP — XLs16Grid).
=  Qutput “Right Cross-Slope = CSgrt.”
=  Qutput “Left Cross-Slope = CS.1.”

Rate each left and right cross-slope.

e Only transverse strings of data with a highpoint that matches its classification should be
used in the rating. All transverse strings with highpoints at other locations should be
discarded.

e |f the section is defined as “Tangent.”

o Note: The calculation is the same for both the left and right cross-slope. Both the
left and right cross-slope must have a rating.
o For a wet climate.
= If0.0185 < CSrr (0r CSLT) < 0.0265.
e CSrrRating = 1.0.
e Elseif 0.0165 < CSrr (or CSLT) < 0.0185.
0 CSrrRating = 0.95.
e Elseif 0.0135 < CSrr (or CSiLT) < 0.0165.
0 CSrrRating = 0.90.
e Elseif 0.0115 < CSrr (or CSiLT) <0.0135.
0 CSrrRating =0.80.
e Elseif 0.0085 < CSrr (or CSiL1) < 0.0115.
0 CSrrRating =0.70.
e Elseif 0.0065 < CSrr (or CScLT) < 0.0085.
0 CSrrRating = 0.60.
e Elseif 0.0035 < CSrr (or CSLT) < 0.0065.
o0 CSrrRating = 0.50.
e Elseif 0.0015 < CSrr (or CSLt) < 0.0035.
0 CSrrRating = 0.25.
e Elseif CSrr (or CSLt) < 0.0015.
o0 CSrrRating =0.
e Elseif 0.0265 < CSrr (0r CSLT) < 0.0285.
0 CSrrRating =0.70.
e Elseif 0.0285 < CSrr (0r CSLT) < 0.0335.
0 CSrrRating = 0.50.
e Elseif 0.0335 < CSrr (0r CSLT) <0.04.
0 CSrrRating = 0.25.
e Elseif 0.04 < CSrrt (0r CSL1).
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0 CSrrRating =0.0.
o For adry climate.
= 1f0.0135 <CSrr (0r CSLT) <0.0215.

e CSrrRating = 1.0.

e Elseif 0.0115 < CSrr (0or CSiT) < 0.0135.
0 CSrrRating =0.90.

e Elseif 0.0085 < CSrr (or CSiLT) < 0.0115.
o CSrrRating =0.80.

e Elseif 0.0065 < CSrr (or CSLT) < 0.0085.
0 CSrrRating = 0.70.

e Elseif 0.0035 < CSrr (or CSLT) < 0.0065.
0 CSrrRating = 0.60.

e Elseif 0.0015 < CSrr (or CSiLT) < 0.0035.
0 CSrrRating = 0.25.

e Elseif CSrr (or CSLT) < 0.0015.
0 CSrrRating = 0.

e Elseif 0.0215 < CSrr (0or CSLT) <0.0235.
0 CSrrRating = 0.95.

e Elseif 0.0235 < CSrr (0r CSLT) < 0.0265.
o CSrrRating =0.90.

e Elseif 0.0265 < CSrr (0r CSLT) < 0.0285.
0 CSrrRating = 0.70.

e Elseif 0.0285 < CSrr (or CSL1) < 0.0335.
0 CSrrRating = 0.50.

e Elseif 0.0335 < CSrr (0r CSLT) <0.04.
0 CSrrRating =0.25.

e Elseif 0.04 < CSrr (or CSL1).
0 CSrrRating =0.0.

e When a section is reached that is classified as “RT Curve,” “LT Curve,” or “Curve
Transition.”

0 ldentify the first LOC (LOCerc) value where the highpoint is located within an
area to define a curve or the preceding section.

o Evaluate the classification of the following sections to find the last adjacent
section that is not classified as either “RT Curve,” “LT Curve,” or “Curve
Transition.” The end of the curve will fall in this section.

0 Using the final data collection section where the end of the curve is located,
identify the last LOC (LOCet) value where the highpoint is located within an area
to define a curve.

0 Access the IMU Table.
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= Acquire the northing, easting, and azimuth for the beginning LOC
(LOCrc) value and ending LOC (LOCker) value identified above.
e Calculate LC using the northing and easting values.
0 LC =sqrt((Ept — Erc)? + (NpT — Npc)?).
e Calculate the intersecting angel, I.
o If“LT Curve,” | = Az1 - Aza.
o If“RT Curve,” | = Azz — Az1.
e Calculate the radius, R.
o R =(LC/(2*sin(1/2)))/0.3048.
e All sections described as “Curve Transition” will receive a cross-slope rating the same as
the curve.
e |fasection is described as “RT Curve” or “LT Curve,” the posted speed must be known
for rating purposes.

Average the cross-slopes.
e For “Tangent” sections, only use the transverse strings that met the highpoint requirement
for a tangent section within the data collection section.
0 For CSrr that exist within a data collection section.
= X CSr1/(No. of CSrr).
e Output average CSrt value for data collection section.
o0 For CSc.t that exist within a data collection section.
= ¥ CSct/(No. of CScy).
e Output average CS.t value for data collection section.
e For “Curve Transition” and “Out of Shape” sections, calculate the average cross-slope for
each lane use each transverse string of data.
o Inthe right lane, the calculation for each string of data is:
»  CSRT = (ERcenter — Ers16rid)/(XReenter — XRS16Grid).
e Where the Rcenter subscript represents the elevation and offset one
transverse string to the right of the center of the pavement.
0 Output average CSrr value for data collection section.
0 In the left lane, the calculation for each string of data is:
= CSir= (ELcemer— ELSlGrid)/(XLcenter— XLSlGrid).
e Where the Lcenter subscript represents the elevation and offset one
transverse string to the left of the center of the pavement.
0 Output average CSit value for data collection section.

Consolidate the cross-slope ratings—this rates each string before averaging.
e For CSrr that exist within a data collection section.

e XRating/( No. of CSrr).
e For CS.T that exist within a data collection section.
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e XRating/( No. of CSLT).
0 Output the “CSrtRating” and “CS_tRating” for each data collection
section.

Rate the difference between cross-slopes.
e This rating can be applied to all sections, regardless of classification. No changes need to

be made for specific classifications.

o If0<abs(CSrtr— CSLT)<0.04.

0 ARating =1.0.
e [f0.08 <abs(CSrt — CSLT).

0 ARating =0.0.
e [f0.04 <abs(CSrt — CSLT) <0.08.

0 ARating = —(1/4)*abs(CSrt — CSL1)+2.

= Qutput the ARating for each data collection section.

Hydroplaning Potential Calculation
Hydroplaning potential is calculated using the 1-ft x 1-ft grids, but the first grid point beyond the

EOP must be the limiting transverse point rather than the first grid point inside of the EOP.
TopoToolbox is required to perform these calculations.

Extract the surface.
e Call Xrs, Xreop, XLs, XLeor, XcL.
e Chunk the data into 161 m (0.1-mi) data collection sections that match the sections
associated with raw data.
e Extract the surface from each chunk of data by selecting the first offset values outside
Xreop and XLeor.
e [For TopoToolbox to move in the proper direction, the data must be sorted from the
largest (last) Loc value to the smallest (first) Loc value.
0 Within the extracted data, count the number of columns and the number of rows
that contain elevation data.
o0 Place the gridded data into a text file with 6 rows of header data:
= ncols # (number of columns with elevation data).
= nrows # (number of rows with elevation data).
= xllcorner # (left most offset value in the gridded data).
= yllcorner # (smallest (first) Loc value). With the data sorted, this should be
the bottom Loc value in the spreadsheet.
= Cell_size 0.3048 (or the proper cell size).
= NODATA Value 0.0000.

Extract the largest drainage basin within each data collection section (using TopoToolbox).
e Extract maximum flow accumulation from the data collection section FLmax.

190



o0 Store the X, y, z coordinates for FLmax.
Extract drainage basins between Xrs and Xus.
Find the Euclidean distance from the low point used in the analysis to each cell within the
drainage basin.
Find the slope to each cell within the drainage basin.
Calculate the drainage basin area in English units.
Calculate the average width of the drainage basin in English units.
0 The average is calculated based on each width at each cross-section.
Based on the TXDOT District, assign a rainfall intensity value, I (in./hr).
0 The TxDOT District will either by Atlanta, Bryan, Corpus Christi, Houston, or
Tyler depending on the user input.
= | values for each of these districts can be called from the HPS variables
spreadsheet under the I values for hydro calcs tab.
e The I value should be taken from the 50 year — 15 minute Intensity
(in/hr) column. This should be Column E.
Based on user input of the surface type, calculate discharge, Qos (ft%/s).
o Calculate discharge, Qos (ft%/s).
= |f surface type is CONC, HMA, ST, FST, OR ASPH.
e QoB=1* Aps.
o Calculate unit discharge, qos (ft%/s-ft).
* (Qops = Qos/ Wobs.
Determine what Manning’s n should be used and label it nman.

O nman Should be the smaller value between an n value from the table and a
calculated n value.

o Calculate Reynold’s number: Re = qos/(1.052*107).

= |f surface type = HMA, ST, FST, OR ASPH.
e Ncac = 0.0823*Re"-0.174.
= |f surface type = CONC.
e [fRe>1000.
O Ncac = 0.017.
e If500<Re<1000.
O Ncaic = 0.319/Re”0.480.
e If Re <500.
O Ncalc = 0.345/Re”™0.502.

O nuwble IS @ Manning’s n value taken from the HPS variables workbook located in
the Texture and n values worksheet and in the TxDOT Manning’s n column
(Column D).

O Nman = min(ncalc, ntable).

e Calculate the total depth of water.
o depth = ((qos/((1.49/Nman)*DBslope”(1/2)))(3/5))*12.
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= Multiplying by 12 at the end is required to move the depth into inches.
= Note: DBsiope must be a percentage, that is 3 percent must be 0.03 in the
calculations.
Check that the time of concentration does not exceed 15 minutes.
0 toc = DBLength/(3600*(1.49/Nman)*depth”(2/3)*DBsiope”(1/2)).
= For DBLength, use the maximum Euclidean distance.
= For DBsiope, Use the slope associated with the maximum Euclidean
distance.
o |Iftoc > 15, stop and output “ERROR.”
o Else continue with calculations.
In order to calculate the WFT, the MTD must be called from the HPS variables
workbook under the Texture and n values worksheet from the MTD (in) column (Column
C).
0 WEFT =depth - MTD.
Calculate an HPS using a Monte Carlo simulation using the daily traffic count as the
number of simulations.
o Two HPS will be calculated, the Galloway speed (GHPS) and the finite element
speed (FEMHPS).
0 Monte Carlo code has been provided as HydroMonteCarlo_update.m.
Rate the section for both GHPS and FEMHPS (both referred to generically as HPS in the
rating calculations.
0 IfHPS > (Posted Speed - 5).
= Rate section as 1.0.
o If (Posted Speed — 5) > HPS > (Posted Speed — 10).
= Rate Section as 0.9.
o0 If (Posted Speed —10) > HPS > (Posted Speed — 15)
= Rate section as 0.8.
o0 If (Posted speed —15) > HPS > (Posted Speed —20).
= Rate section as 0.7.
o If (Posted speed —20) > HPS > (Posted Speed — 25).
= Rate section as 0.5.
o If (Posted speed —25) > HPS > (Posted Speed — 30).
= Rate section as 0.25.
o If (Posted Speed — 30) > HPS.
= Rate section as 0.0.

Roadside Geometry Calculation
Roadside geometric evaluation requires a transition from raw data to 3-ft x 3-ft gridded data. The

gridded data are formatted with row descriptors associated with longitudinal location parallel
with the direction of travel, while the column descriptors represent horizontal offsets moving
transversely across the pavement. In the transverse direction, the location of the laser represents
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the zero point, not the roadway centerline. The matrix is populated with elevation values
corresponding to a longitudinal and transverse point.

Extract the surface.
e Call Xreorand XiLeor.

e Chunk the data into 161 m (0.5-mi) data collection sections that match the sections
associated with raw data.

e 176 cross-sections will initially be created.

e Extract the left and right roadside surfaces from each chunk of data by selecting the first
offset values eutside inside Xreop and Xieor for each data collection section.

e The left and right roadside surfaces will be evaluated independently.

Find the minimum roadside elevation.
¢ Note: These extractions and evaluations are the same for both right and left roadsides.
For clarity, when possible only right roadside pseudocode is shown.
e For the right roadside at each cross-section (i.e., transverse string on 3-ft spacing).
0 Find Emin and corresponding OSmin.
= If (OSrTmax — 1.83) < OSmin < OSRTmax.
e Label cross-section as “FS.”
o Elseif (OSrrrirst + 1.83) < OSmin < (OSRTmax — 1.83).
o0 Label cross-section as “Ditch.”
o Else.
= Label cross-section as “Edge Drain”
e For the left roadside at each cross-section (i.e., transverse string on 3-ft spacing).
0 Find Emin and corresponding OSmin.
= If (OSLTmax + 1.83) > OSmin > OSLtmax (b/C left roadside has negative
offsets).
e Label cross-section as “FS.”
e Elseif (OScLtrirst — x1.83) > OSmin> (OSLTmax + 1.83).
o0 Label cross-section as “Ditch.”
o Else.
= Label cross-section as “Edge Drain.”

Classify the section.
e Check the offset frequency.
0 If Xfrequency(FS) > 50 percent.

=  Qutput “Primarily FS” for data collection section.

= Elseif Zfrequency(Ditch) > 50 percent.
e Output “Primarily Ditch” for data collection section.
e Elseif Xfrequency(Edge Drain) > 50 percent.

o0 Output “Primarily Edge Drain” for data collection section.
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o Else.
=  “Various Drainage” for data collection section (this
accounts for section where no geometric type
reaches 50 percent frequency.

Calculate front slope steepness, rate each cross-section, and consolidate ratings.
e Calculate the front slope for each cross-section (each string of data) labeled either “FS”
or “Ditch” and average the front slope steepness for the entire data collection section.
o0 For the right roadside at each cross-section.
= FSrr= (OSmin - OSFirst)/(Efirst - Emin).
e FSrrtavg =X FSrT/No. of cross-sections.
o0 For the left roadside at each cross-section.
= FSir= (OSFirst - OSmin)/(Efirst - Emin).
e FSitavg =X FSL1/No. of cross-sections.
0 Output the “FSrtavg” and “FSLtavg” for each data collection section.

e Rate each cross-section (each string) and then average each rating within the data
collection section to provide a rating for the data collection section (same for both
roadsides).

o IfFSrr>6.0.
= FSrrRating = 1.0.
0 Elseif 4.0 <FSrT<6.0.
= FSrrRating = 0.05* FSrt +0.7.
0 Elseif 3.0 <FSrt < 4.0.
= FSrrRating = 0.2* FSgr + 0.1.
0 Elseif 2.0 <FSrt < 3.0.
» FSrrRating = 0.7* FSrr - 1.4.
0 Elseif FSrr < 2.0.
= FSrrRating =0.0.
e X FSrrRating/No. of cross-sections.
o Output the “FSrTRating” and “FSLtRating” for each data
collection section.

Calculate ditch depth and ditch offset.
Roadside analysis begins at one offset value inside of the EOP.

e For each cross-section (each string of data) labeled “Ditch”:
(0] DepthRT (orLT) = (EFirst - Emin).
0 DOSrt = (OSmin — OSrirst) or DOSLT = (OSFirst — OSmin).
o This will take place for both the left and right roadside.
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e Average the depth and offset within each data collection section (this should take place
regardless of whether or not the data collection section is labeled as “Primarily Ditch”).
This takes place for both the right and left roadside.

0 Depthrravg = ZDepthrt/No. Of cross-sections (same for left side).
0 DOSrrave = ZDOSrT/No. of cross-sections (same for left side).

Calculate the slope for the largest roadside drainage basin.
e Use TopoToolbox to find the drainage basins on the right and left roadside.
o Identify the drainage basin with the largest accumulation.
= Find the beginning point and ending point associated with this drainage
basin.
e Determine the length of the drainage basin and the associated
elevation fall within the drainage basin.
o0 Calculate the slope of the drainage basin.
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US 77—AUSTIN DISTRICT PROJECT LEVEL RUTTING DETAILS
Rutting Sections

Rutting color scale for Sections 1 thru 11.

05 06 077 08 0.9”
[ B
055" 065" 075 085 >0.95”

Section 1: TRM 476+1.831 to 478+0.331 (pavement change to + ¥-mile)

Outside &
Wheelpath
- —
Inside .
‘Wheelpath
S
-12.
: \
8 TRM 476+1.831 NGl Pavement Change [ | TRM 478+0.331
,l B on north end :
- » > H 4 Lec 2150948m 'J oo R S T A L/ vl . A )
207 20
Inside N T D) O T 11 T i
Wheelpath | i M $ooet g{: 5 ?a& %, IR .. G.M
0 S i i - W i A W B YA B S A VR~ N -~ B " W M S i W~ W M - S W ‘.n’-
Outside ! :
Wheelpath | | 0. ‘ @ i R Db |,
— e — mzA““rA" b N B T O R PR B T T LR} - -
SB1 SB2

199



Section 2: TRM 478+0.331 to 478+0.831
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Section 4: TRM 478+1.331 to 478+1.831 _

mﬁ}fﬂ_ - _'i_ S e e

- —
ot

Outside
Wheelpath ] 5

e - - - - - - - - - - —
Inside _
Wheelpath & | =
- — ] G —
Ll ﬁ 0T
0 5100 Aﬂ R o

ATo0 800 4900

]

TRM 478+1.331 i TRM 478+1.831

Hoa b 0 W B b H oA Loc 45080em T

L =
Inside ° )
1.

e iy
‘Wheelpath y [

Wheelpath

s I Lagd @.é,ﬂz@ﬂ

201



Section 5: TRM 478+1.831 to 480+0.331
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Section 6: TRM 480+0.331 to 480+0.831
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Section 8: TRM 480+1.

331 to 480+1.831
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Section 9: TRM 480+1.831 to 482+0.331
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Section 10: TRM 482+0.331 to 482+0.831
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Section 11: TRM 482+0.331 to 482+0.831
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US 77—AUSTIN DISTRICT PROJECT LEVEL GRADING DETAILS

Southbound Section 2
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Southbound Section 3
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Southbound Section 5
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Southbound Section 8
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Southbound Section 9
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Southbound Section 10
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