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Abstract

This thesis aimed to estimate the effect of paved shoulder width on the number of
fatal crashes on intercity highways and to determine the risk factors of fatal crashes on an
expressway in India. The objectives of this thesis are as follows (i) to identify road traffic crash
(RTC) patterns on the selected intercity highways and expressway stretches of India; (ii) to
assess the effect of paved shoulder width on fatal RTCs on the selected intercity highway; (iii)
to assess the impact of the paved shoulder width on the selected intercity highway segments
having multiple fatal crashes; and (iv) to estimate the role of crash contributory factors in the
presence of constant paved shoulder width on segments of an intercity expressway.

Therefore, first, this study analyzed the fatal crash characteristics on the selected
intercity highways and an expressway. Subsequently, the effect of paved shoulder width and
other crash contributory risk factors were identified on the selected intercity highway segments
using the case-control (C-C) method. The C-C method is an observational epidemiological
approach used to examine the possible relation of a risk factor to a specific outcome. Whereas,
in the case of an expressway with constant paved shoulder width, the crash contributory risk
factors were determined with the help of negative binomial random parameter (RPNB)
approaches.

The selected intercity highways are part of the national highway (NH), i.e., NH 7 and
NH 44, and are open access highways with varying paved shoulder widths. And the Yamuna

Expressway (YE) is access-controlled in Uttar Pradesh. In this study, primary data were
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collected with the help of surveys, as no central database exists in India. We carried out field
surveys on NH 7, and NH 44 as traffic volume, speed, and cross-sectional geometrics data
were unavailable during this study's initial data collection stage. Whereas in the case of YE,
crash, speed, traffic volume, and geometric data were collected as secondary data. This study
employed fatal crashes, traffic volume, operational speed, and geometric and roadside data to
develop statistical models.

The crash characteristics revealed that rear-end crashes have a substantial share in total
fatal crashes. Vulnerable road users have a high relative risk on the studied highway and
expressway stretch. In NH 44, pedestrian fatalities are high. Cars, trucks, and buses are
primarily involved as impacting vehicles in fatal crashes. Nighttime crashes have a slightly
higher proportion compared to daytime crashes. Next, for NH 7, the estimated odds ratio
(OR) shows that paved shoulder widths up to 2.0 m are safe for all users. This finding is
consistent for both highway stretches, i.e., NH 7 and NH 44.

In contrast, paved shoulder width of more than 2.0 m has varying effects based on the
fatal crash type. The varying impact could be attributed to the roadside context of the highway
and prevailing operational speeds. Subsequently, this study explored the C-C method for the
applicability of considering multiple crash segments on the selected intercity 6L highways (NH
44). The safety effectiveness of paved shoulder width assessment shows that paved shoulder
width of more than 2.0 m is a risk factor for multiple fatal crash segments compared to a paved
shoulder width of 1.0 to 1.5 m. In addition, results show that shoulder width between 1.5 to
2.0 m reduces the risk of multiple fatal crashes. Ordinal logistic regression results show that
the segments with wider shoulders have less risk of multiple crashes than the narrow shoulder.
However, additional studies need to be conducted based on the collision types and locations
where multiple fatal crashes have occurred.

In the case of the YE stretch, parsimonious model results revealed that AADT and

vertical curve length are significant risk factors for rear-end crashes. AADT and vertical curve
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length are the significant random parameters to capture the segment-specific unobserved
heterogeneity. The findings indicate that the expressway design should be calibrated as per the
local traffic mix and prevailing operational speed characteristics. Further, the results indicate
providing bus lay-by and truck drivers' rest areas at regular intervals on the expressway. In
addition, the location of the pedestrian underpasses should be determined based on the
presence of villages in the vicinity of the expressway.

To sum up, this study was a unique attempt to assess the safety effectiveness of the
paved shoulders in case of heterogeneous traffic on divided 4. and 6L highways in India. The
study demonstrated that the matched case-control methodology could be an alternative
method in the limited data availability scenario to assess the safety effects of the interventions.
The outcomes of this study would help the road-owning agencies in India to consider paved
shoulders as one of the road safety interventions to improve safety. Especially the provision
of the paved shoulder can enhance the safety of vulnerable road users (VRUs), especially
motorized-two wheelers (MTW) users. It can also reduce the risk of multiple fatal crashes on
multilane highways. However, the results presented in this study are data specific.

In the future, additional studies on various intercity highways using detailed databases
would help provide conclusive evidence of the safety effectiveness of paved shoulder width.
Besides, this study makes a strong case for developing a rich and centralized database for road
safety risk factors in India. Such databases would help researchers to conduct advanced
research, eventually promoting research-based findings and safety interventions to reduce
crashes and their societal burden. Along similar lines, it is also recommended that a dedicated
crash data recording system should be developed within each state's police department.
Moreover, the hospital and police databases should be linked and updated on time to deal with

the underreporting of crashes.
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30 ofifrd 1 ST SR THET W uTdeh SHEATSAT shY TEAT W Uekhl oSt ht =ISTs & THE
T AT ST SR ARA H Teh THES UL °Teeh JHSATAT o ARGH hTeh! AT (HerRor T om 3o offew
% L9 39 THR & (i) WA o AT ST AU SR v feent W wge ararana geedr (AErHt)
T Y uge T (i) Tafa gt Tt woarae SRS W usht Iiee Y SigTE % TWTT T
TR AT, (iid) 3 aTaeh UeATet Aol Srafa $eUet TTHET TSt U Tarh! oSt shi TISTS o THIS &1
AT HAT; AR (iv) et worsraa & Tt w P aaeht viteet i =it ot Suftufd # geet ammem
HIehT sl HIHEHT ST SFTA o o forg)

FATY, TH g, 38 LTI A SIS TAAT AR Ueh TFAYTS WX Tdeh GueAT foraraarnait
=1 fargpwor foRam) 5ok aTe, FE-wheter (C-C) ugfr T SuaiT ek T et erea Tmie uR usrhl wieet
T <1STS 3R 3T JHEAT AT FRGW FHRHT & W91 i ugar hi T3 C-C ugfa ueh sraeiie waeft
e fomr gfentor @ Rreet su=i foret fafore uftorm & foru ifew snes o wfoaa weer 6 stier e
% feru foram SITaT 21 Waeh, AR UarRht witeet T S1STE aTel THHIEd & WA W, TR ue aetow
Ttz (RPNB) gfeemivtt it wag & geiet siverelt siRaw st w1 freior fema e om

wraf gexfirdt T e wemm (NH), @it NH 7 sic NH 44 @t e §, siR stem-srenm
Tt viieet Y <SS ATt el UEe ATt TaT 8 3R agAr veesed (YE) 3w waw # veew-febe 2
30 LTI W, HALAUI T HEEAT  WATHeR TeT Teh TohaT TAT o1, FAifR WA W RIS heT TTTEE HiSlg A
217w NH 7, 3tk NH 44 ot &= adteror forar s=ifer 30 steaam % arifives 221 T vt 3 2 Sfees 6r

AT, T 3R hi-HavTTer ST ST sTguersy | Fafer YE % Aret #, geedr, Tid, aramard 6t amm iR
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ST 22T Y fgdieres 221 & a0 ¥ ueha fomam mam om 3@ eregam 3 Aieadhia nieer faefia & & o
HTdeh FHEATAT, ATATATA st AT, TRETer T R St o age & fommt & 321 @t frenfora femam

geiea it fararatt & uar e fF Fer = gHened § far-us ke @ U wer e 1 e
g suarTERal (VRUs) &1 sreaa fore o Tt ot v @i W v Ioa amuer siaw 31 NH 44
#, Yo S ATl ht Wi Afes Frl 31 GTde JUEATt § ATEAT Sl THI A Aol &A €9 W FR, T AR
TH IR ) T % A UEATSH! T AT T o T gHATSAl hi o § ST AT Tt 21 36k TG,
NH 7 % feru, sratfaa sitga 3my (OR) awiiar & 36 2.0 Hiex ash et viiee 61 <iters asft suammeratet
& fore wXfera #1 9 @ ST Tomnt @, Tt NH 7 it NH 44 % fore gamm 21

Faes forodtd, 2.0 Hiex & stferes it uaehl viiest T <1513 WTaeh JHEAT TR & HATUR U FTT-ET
THTE STAAT B - THT ST TAATT 6 TSh o ThAR & dad T Tatfera uiEmes nfa & forg Rirer
EEAT AT ThaT Bl 3HE 91G, T LTI ¥ FAa gextaet 6L wmmnt (NH 44) X %3 shyr amie W fam
A et Tt & forg CC ugfa T 9am oRTa| gerehl IMeet shi TS o STTeheT sl Gell IWTaviierar o
uaT et & TR 2.0 WX & srfires it uaht viee &1 wte 1.0 & 1.5 Hiex it ueeht vieet 6 wier 6
T § &3 Tk qHEAT Wl o fTT Ueh FRaw e 31 38eh Temat, aRume Fard § fom 1.5 & 2.0 dex &
e vieey Y =SS S HTae gHEATST % ARG Hl HH FAT 3| AT Alties FGwH afom adr &
o =it helt aTer Tme F AR Tiee AT g1 § AU SHYT BT SHRGW HH FAT B FTA(h, TR & TRR
3 37 T & TR W ifafies sreaa Ry ST oY arTarvareha & et e Hdeh geieTd g8 H

YE & A #, urEmifaee giget aRomat & uar wet fF AADT @R Seatsr ask oarg fan-ue
9T % fore weegut Siftam ok §1 AADT 3R Seater ash oiars wis-fafire srymfira forawar i sk &
fore weeut arg e turter §1 frehnt & wiha fireran & fon voded 3 fewtmew @t waria ararara firsror aiv
Tatord aReETer i foreratelt @ STer stvrifera foram ST =few) s@eh sreTe, afuny veeses W fFafia
AT T TH A-aTTT A 2ok IEa oh T &1 TSI A T Hehd 20 | T8k T, el It 3ETud &1

TATT TFANHS & STHUTH 3 Tiat sht IufRafa & rram w Futfa fear smr anfzg
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T |, 97 1eaed WA ¥ fawiiaa 4L ofR 6L Tt WX foww ararana 3 wiel § ek chelt ht
TG THTEAIETAT ST HATH B HT Ueh TECAT SATH oAT| STEqa  Weivia forar for gwaerdt o e qwret ot
ITHAT A o ToTT Hifwa e Suersuar uigya ¥ e &t 18 C-C ugfa uew Jewfeus fafer gt awdt 81 3@
LI o UNUTH WRA § Ageh o T ATl TAaT il GReiT § GuR & 7y dger gear 3utdi § 9 T &
w9 § gFeh el W e A | 7Eg HT i §9 & Use viest w1 graa VRUs st gee @t &gt wehat
%, e ®a & wiex =nfera gufear area (MT'W) Sudnmehatelt il 8 Aeeioi g18d U &g uTadh gaedtalt &
SiRem &Y oft W F TRAT B FTAIR, 3 AeFAT § W wivomw Ter fafory # vl ¥, foeqa Semw @
ST A gy fafim geefeet ot w srfafis steaem & uaeht viiest &Y <tSTs Y FReT TWTEeiierar s
Tt Faa TeT= & | AEg THenit 36 TeTTaT, 98 eaad RA § Hgeh dXaT AIRaH HIehi o 01T Tk
TG, R HEHA ST [Thted i o T8 Teh ATad WTHAT SATAT 81 36 O9E o ST Ieehatall sl 3=id
I A | A L, A THEATSAT 3 ITeh THIIAG AT I HH A oh To1g SATHEA-ATeTRE frsehet it
TET FEAGUT R TGTAT S| FHY 7XE hl A W, Fg ot Rrrieer v wwedt 2 o wedres rar o gfera foramr & ofiew
Teh T shet Set Renifsn fowen fosmfira femam ST =nfew) sorek Stetra, geietet i &a faitén & frue &

ToTT oreaTer 3R giere TeTed sl TWd W ST 3R STera foham ST anfeu)
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