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- EXECUTIVE SUMMARY

The spot improvements on US 119 in Letcher County between Whitesburg and Partridge
were an attempt to improve safety throughout the corridor. To achieve this goal, the roadway
alignment and cross section were changed at various locations. Tn addition, problems related to
truck traffic were considered in redefining the roadway geometrics. The total Iength of the spot
tmprovement locations was approx1mately 6.9 miles.

The Kentucky Transportatlon Center at the University of Kentucky was requested to
evaluate safety related to the implemented changes to alignment and roadway cross section and
post-construction conditions. This report is a safety analysis of the post-construction conditions
- based on the changes made to the alignment and roadway cross section using a newly released
software by the Federal Highway Administration. The software is the Interactive Highway
Safety Design Model (IHSDM) and evaluates the geometry of the roadway and crash predwtmn
models to compute the expected safety performance of the roadway.

'The pre-construction crash rate for the section of US 119 With these spot improvements,
between milepoints 10.065 and 17.161, was 430 crashes per 100 million vehicle-miles
(C/100MVM). The average expected crash rate calculated by THSDM for the post-construction
conditions is 302 C/100MVM. The Locations that have an expected crash rate exceeding the
statewide average crash rate for rural, two-lane highways, which is 250 C/100MVM, are 1090-
1129 (505 C/100MVM), 1460-1620 (358 C/100MVM), and 1670-1696 (253 C/100MVM). . The
post-construction expected fatal and injury crash rate is 97 C/100MVM, which is higher than the
statewide average of 86 C/100MVM and pre-construction injury crash rate of 91 C/100MVM for
this section.

The software was used to evaluate the impact of various geometric changes on the safety-
performance of the roadway. The newly constructed conditions were considered as existing and
changes to various geometric features were implemented to determine their effect on crashes.
Increasing the lane width in extreme horizontal curves reduces the expected crash rates by
allowing vehicles to track in designated lanes. The total roadway width (travel lanes and
shoulder) is directly related to expected crashes and has the largest impact on the safety fora
rural road of this type. Travel lanes on horizontal curves with small radius and large degree of
curvature should be wider than typical to provide the driver more room for error. ‘When
considering tradeoffs in the total roadway cross section width, it is more important to provide
wider lanes than wider shoulders in the equivalent total width,

Increasing the radius of horizontal curves does not necessarily increase safety. This
should be evaluated in relation to the approaching tangents, since short tangents will have a
negative effect on overall safety. :
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1. .iNTRODﬂcTION
The purpose of this study is to evaluate the spot improvements of US 119 from Partridée
to Whitesbﬁrg in southeastern Kentucky using the newly released software by the Fedéral :
Highway Ad_rhiniétrati_on (FHWA), Interactive .H.igh.way Safety Design Model (IHSDM). The
safety improv.e'ments on US 119 cover 6.9 miles at a proj'.ected cost of gpproximately $36
._million. US 119 is a rural principal arterial with a “AAA” Weight classification; which allows
traffic loads up to 80,000 pounds. US .1 19 is'on the National Highway System, .Stat.e Pﬁma;ry
Sys;sem, Appalachian Dev§10pmcnt Highway System, and the Defenée Highway Network (1). |
Th_is report pfesents the ;esults of phase two of the “Evaiuation of US 119 Pine Mountain Safety

Improvements” report requested by the Kentucky Transportation Cabinet.



3. LITERATURE REVIEW
~ The U.S. Department of Transportation Federal Highv&}ay Administration began the

- cronceptua"l design of a software, Interactive Highway Safety Design Model, in 1994 to enable
planners and.engiheérs to provide “quality” design for rural, twol—lan.e highways (2). The slogan -

| for IHSDM is “Safer Roads Through Better Design” (3). .Quality design is defined as the
combination of the accepted, safe, and efficient designs of a roadway. The objective of the:
software 1s t'o. allow engineers and designers to consider safefy characteristics of a roadway .
design (2). The software providéé tools to analyze operﬁtional and saféty effects on gcometrics -
of ru_reﬂ, two-lane roadways by comparing designs separately. IIISDM was originally intended -
| for sfate agencies to evaluate safety of existing and future roadways. For cgnvenicnqe, THSDM:
is désigned to be comi)atible with computer-atded design (CAD) software. Currently, IHSDM
can be implemented througho.ut the planning and design processes for both construction and

o recohstrucﬁon of roadways (3.).

- The roadway type most often encounteréd- in the U.S. is the two-lane highway. FHWA
statistics indicate that two-lane, -two-way roads represent 82.4 percent of the U.S. network. |
Similarly, in Kentucky Mo-lane, two-way roads r.epresent 81.0 percent of the Kentucky network

(4). THSDM was initially designed for this class of roédWay because of the constant
improvements to geometrics of such roéds (5). Development for IHSDM to evaluate multi-lane
rhi.ghways is currently under way to also provide .designers and planners with further options for
evaluating alternative designsr (3). The IHSDM structure includes five separate but linked

modules to allow the designer to describe roadway geometrics, existing traffic, and crash history



of the roadway under re_viéw. The current module that can evaluate the éxisting _conditions and
predict future.performance. are the Policy Moduié, Design Consistency Modﬁle, Intersection
| Reﬁcw Module,_ Traffic Analysis Module, and Crash Prediction./Acciden.’.c. Analysis Module
3,5). A sixth module, Dniver/V éhicle Modulé, is currently being developed (3).
| The Policy Review Module checks the provided geometric data with 2 specified policy.
The user can choose for comparison the American Assoéiation of State Highway and
. Transportation Ofﬁciais (AASHTO) Green Book, state policies, or other policies. This modul.e
\_zvill ide;ntify segments that vary from the policy guidelines by cheoking relevant policies dealing -
with cross section, horizontal aiignment, vertical alignment, and sight distances.l The cfoss
section category under the Policy Rcview Module checks the “through-traveled way width and
- cross slope, aukiﬁa’rjz lane width and. cross slope, shoulder width and cross slope, cross slope
rollover on curﬂf.es, clear zone and roadside slope, normal ditch design, and bridge width”. The
module is utilized to clarify whether the policy goal is satisfied and the section conforms to these
guidelines. The radius of curvature, length of horizontal curve, compbund curve ratio, and
__ superelevaﬁon fate and transition design components of the horizontal alignment are also
checked. Another geometric characteristic of the roadway checked is the vertical alignment |
~ where the tangent grade and Vertical cuﬁe length components are compared to policy Vélﬁes (3).
The Traffic _Analysié Module estimétes operating conditions based on data entered from
existing conditions, suph as 85£h percentile speed, percent time spent follgwing another vehicle,
.and Quality of service. The module also predicts operating conditions based on a. given trafﬁé
population growth (5). Thé module uses the TWOPAS traffic simulation model to evaﬁuate the

“microscopic characteristics of traffic simulatidn, such as percentage of time spent following



. ofhér vehicles and a_verage' operétiﬁg Speéd (6).’ This rﬁodule can.be used in the preliminary
dgéign process for comparing the traffic opreratidnal _characteristics of different ge(;matric_ 7
_ changes (3). o |
o Craéh data and othef attributes are used by the Cfash Predi'ction/Accidex.l.t Analysis |
| Module to estimate the number ;cind severity of crashes, calcﬁlate_ safety beneﬁt—versus—cést,_and
evaluate geometric and intersection designs (5) Crash frequénéies are predicted based on lane
| width, shoulder Wi_dth and.'type, horizontal curve length and radius, presenbe of spiral transition,
sﬁperelév'ation, grade, driveway density, passing lanes and short four-lane séctions, t_v_vo-Way left-
turn Janes, and fbadside hazard dafa. In addition, the algorithm }itilizes crash rnodiﬁcatioh
factors and statistical base mo_dels to predict crash frequencies (6). FMemore, intersection
x}ariables and types are assessed in this module. Analysis of differeﬁt types of intersections is
aiso central .because on rural two—lane.highways,' about one third of all crashes occur at
intersections (3). There are only three types of intersections that caﬁ be examined: four legged
intersection with signal control, foﬁr lggged with stop éontrol on the minor approach, and- three
‘ 1cgged with stop control on the minor approach '(3.). .The cdét-benefit feature of the model was
‘. not available in the current version used in the evaluation.

The Intersection Review Module is comprised of a pc.allicy and diagnostic review Chegk.
The module checks the corner radius, turn lane design, intersection' angle, and intersection sight
distancé triangles according to pol_ic.:y.. The horizontal .geome_t'ﬁc intersection design issues
evalua-ted by the modul_e are iﬁtersections on horizontal curves, curves on intersection legs, and
approach alignments. In addition tb horizontal geometrics, the vertical alignment components,

intersection configuration, and intersection sight distances are evaluated (3).



The horizontal élignment is analyzed by the Design Consistency Module. Crashes on |
hofizontal curves on rﬁral, two-lane highwéys ﬁr_e mainly attributed to speed inconsistencies.
The two consiste_ncy problems asseésed by the médule are the differences between design speed
and 85" percentile speed and changes in 85 percentile speed between consecutive roadway.
sections (3).‘ The 85™ percentile speed is estimated using a speed rproﬁle model that was
calibrated using épeed data collected on hoﬁzontg.l curves and approaching fcangénts from
previous research. The siaeed profile is then used to examine and identify potential cons_istency
problems (5). The fnodule butput provides graphs of the speed prolfﬂe and identifies sections of
‘roa.dwa'y that do not comply with design consiétency as designated by policy (5). |

The Driver/Vehicle Mo'dule will consist of tWQ models, Driver Performance and Vehicle
Dygamic Model, that will 'Be linked to better evaluate driver conditions and characteri.stics that
could cause a possible accidental action under given circumstances (5,7). The Driver/Vehicle
Module will evaluate if conditions exist that would cause, O contribute to; the driver losing
control of the vehiéle and eventually result in a crash. In addition, the driver operations will be
evaluated and modified to evaluate the roadway design with different types of drivers. -The |

- module will eventllially allow for examining the impact of different types of vehicle
characteristics and specifically heavy vehicles. This module is not available yet in the current |
THSDM software (6). |

As previously mentioned, IHSDM is designed to be eventually compatible with

rcomputer-aided drafting software. Commercial software design components will be compétible |

with THSDM. Most of the geometric roadway design data will be available for automatic



_ '.importing; iﬁto and eﬁportilllg.o_nce the FHWA and commercial CAD developers developa
- commoﬁ softwaré languége (3).

' The design of the horizontal and vertical alignments of a roadway is crucia.l fof safe
travel on highways. ‘Des.ign speed détermines stopping sight distances which dictate Ieng’ch of
| ~ vertical curves. There are saféty concerns on vertipal’ curves (8). Rear end, animal, aﬁgle, and
pédestriaﬁ crashes are affected by vertical alignment due to potential sight distance probléms
( 13)... The crash rate on. the doanrade of a vertical curve is higher than the upgrade by 63-

_ pérc;ent (8). The frequency of crashes is higher on downgrades than upgrades for crest and sag
cufvés. Injury and fataiify rateé and crash frequency involving trucks are higher on vertical .
. curves fhan level gradé (8). | |
Key elements of the horizontal alignment affect sﬁfety and crash occurrence. Crashrates
are much hi ghgr on horizontal éurves than on tangents. Traf_ﬁc _vcﬂume and mix, €ross sectioﬁ
_ elemehts, roadside hazards, stopping sight _distance, .vertical- alignmeht, and pavement friction of R
. horizontal curves contribute to the safety: on highways. Objecté by the side of a curve,. |
intersections within a curve, and tangent distance between horizontal éurVes can affect safety.
Crash rates on horizontal curves can be reduced by éhanging the degree of curvature and lengfh.'
Widening of.lar.lés and shoulders, inserting spiral transitions, as well as superélevation and |
roadside improvemenfs can reduce crash frequencies on horizontal curves (8). The average run-
off-road crash rate involving a single vehicle is four times higher on a horizontal éurve than on a.
téngeﬁt (9).. Shoulder and lane wider;ing have the largest impa.ct in reducing ran off road and
opposite direction crashes, With. lane widening having the larger effect in reducing such crash

types. Lane and shloulder. widen'ing are not directly related to any other type of crash other than



ran-off—road and opposite direction crashes. The type of shoulder has a direct effect on crash
rateé, and stabilized shéulders have a lower crash rate than non-stabilized shoulderé (10).

| In rej}iew, IHSDM is capable of evaluating the driver performance and design attributes
ofa twb lane rural highway for analysis.' The horizontal and vertical alignment and cross section
dimensiéns are conﬁibutiﬁg to crashes. Lane widths and shoulder Wi_d_ths are the most significant

contributors to ran-off-road and opposite direction crashes.



3, _. PRE-CONSTURCTION SAFETY CONDITIONS
| | The craSh history oﬁ US 119, between mﬂe points 10.065 to 17.161, across Pine -
,Méuntain -indicated 118 crashes between 1996 and 2000 (7). The.crash rate for this sectioﬁ is
430 C/ IOOMVM, which isl significantly higher than the statewide average for rural, t_vvo-léne '
highways (250 C/100MVM) (7,1 lj. The critical rate! is 328 C/100MVM, resulting inal3l
_critical rate factor (7). For the sections with é critical rate factor. greater than 1.0, then the |
crashes considered rlna.y not Be occurring at random (1). The trafﬁc onUS 119 has a
| ‘consi'dera.ble amount of truck trafﬁb, roughly & percent. The location of the roadway is in.
southéastem Kentucky and used by coal truck traffic and single trailer trucks, 0.6 percenf anci 27
pefcent respectively. Even though US 119 has a significant amount of truck trafﬂé, itisnota
designated C.oal Haul Route dr paft of the National Truck Network (1). The pre—construction.
.gcometric cross section and horizon;cal_and vertical alignments on tﬁe study secﬁon prohibit
--tru;:ks from remaining Witﬁin tbeif designated lane. Sharp curves and narrow laﬁe \}Vidths also
| p_ontribute to éncroachmént nto the opposite flow of traffic by muﬁi—axle trucks and pbssibly_
contn'bﬁte to crash occurrence. The statewide average percentage of crashes involving trucks 1s .l
7 -percent (6),. while in the study area 61 percent of éccidehts invollved trucks with the most .
common crash type being sideswipe (1). The shari) curvés and lane width of the roadway are |

directly contributing to this particular ci‘ash*typé.

" The critical rate is the upper limit established for all roads over which road sections are considered less safe. The
critical rate factor is the ratio of the crash rate over the critical rate,



4. POST CONSTRUCTION CONDITIONS
4.1, THSDM Sofiware Analysis
IHSDM software was utilized to eyaluéte the reconstructed roadway. The entife roadway

was seﬁérated into sections to address the speciﬁc.design challenges in a more time sensitivé
‘manner. The spbt improvement 1océtions were not ali continuously stationed, aﬁd therefore the |
locations wére evaluated separately. Locatiéns 1460—1520 and 1565-1620 and 1220 and 1149-
1190 were cofﬁbi'ned because they were found to be in sequential order.- Such combinations
increase the segment length in order to provide a more accurate analysis. The following map |
.dgscribes thé location of the project and illustrates which roédway project locations Were

combined.

A3 as0rsa0

Map 1: Map of Locations



The roadway spot improvements along the study area.'vs.rcre difficult to analyze With
| H{SbM becausé previous geometric data were not available in any form. In addition, the
consultants who completed the design stated that on-site chaﬁges were madé that were not
dﬁphcéted in the drawings provided. The previous ggometric data of the roadway Would have
“been helpfﬁl 1n considering and evaluating different possible designs through THSDM and
| _coﬁﬁaring them with the pre-conéh‘uctiop conditions. However, the lack df pre-construction
data does not hinder illustrating how IHSDM can evaluate rbadway géometric chénges. -
| Inflorder to simplify data entry and lack of detailed information some attﬁbuﬁes were
éonsideréd as constant throughout the entire 6.9 miles of constrluctlion. The following
éssumptions were made: - | |
e The 2004 ADT for fhe eﬁﬁre pfojecf was 2,900 Vehiqlesper day with 10 percent -
of the traffic comprised of heavy trucks. o |
. A maximum. desién speed of 40 miles per hour was aSsumed, since the roadway_
was ﬁever desigﬁed to a specific design speed, but speed varied by surrounding
environmental factors. | |
s An operatirig.spetlad of 40 miles per_hour Wés assumed as fhe desired speed of
traffic entering and éxiting the project. |
. '_The' design vehicle évaluated was a WB-50 inteﬁnediate semi-trailer. The
| soft;\vare_ does not aliow for the weight of the ciesign Vehiclé in predicting crash |
rates, and therefore the impact 6f high coal truck traffic c:;m._not be evaluated.‘ .

® The design vehicle was only"ﬁsed in the Policy Review Module.
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» The vehicle used in the Desigh 'Consisten'py Module.analysis was chosen to have
2 maximum acceleration Qf 11 ..17 feet per second per second and maximum
speed 6f 112.8 feet pér second which was the lowest Vehicie speed.

~ e The type of project was reconstruction

* The maximum sﬁpefeleyation was choéen to be 10 percent.

» The software also calls fo; a roadside hazardous ratﬁg number (a number
between 1 and 7, ﬁfhere 1 is open road;ide with adjacent clear zones and 1s the .

- most de'sifcd rdadsidé). This rating has been defined in THSDM an..d based on the
suggééted roadway déscription, a.r.ating of 5 was given to the given area (5).
]HSD_M defines a roadside hazard rating of five to include a clear'zbne between 5
to 10 feet from pavement edge, a slide. Slope approy.(h‘n.a’.cely .1 :3, apd guérdrail 0to _

- 5 feet and rigid obstaéles or embankments Withifl 6.5 to 10 feet from pavement
edge. If a vehicle Was‘to leave.the pavement edge, it would b_e‘yil;_tually not abl:
to recover and reenter the roadway. Appendix A is the déscription of the ratings

* defined by the software..

THSDM requires all of the geometric aﬁﬁbutes to be entered for full evaluation. The
vertical and horizontal alignment, superelévation, lane widths, anci shoulder widthé by .station
ﬁroﬁded were entered into the software. In addition to these data, past crash data can be used in
the formﬁlas to calculate expected crash rates ahd frequencies. Because the construction of the

roadway was not compléted early enough to collect crash data, this attribute was not utilized.

1



4.1.1. .Expected Crdsh Frequencies and Rates |
F or_a-sample s 10 _.What the ISHDM Crash Predictioa/Accident Ana]ysis Module
com_pates fora segmentef roadway, apn'ntoat is provided in Appendix B fo.f US 119 between
- milepoints 10.003 (Sta. 997+00 ) and 10.647 (Sta. 1031+00) over a four year analysis period
(2005 through 2008). The length of the segment 1s approximately 0.6439 milea. 'The Crash
Predictioln‘/A.ccident Module analyais reports the proposed highway, horizontal curve data, and
_ traffic volumes in the analysia peried. In addition, the repoft in.cludes the expected crash |
freqaencies and rates and expected crash type distribuﬁon summaries. In more detail, the
expecte& crash frequen01es and rates change by roadway segment and by honzontal de51gn
“element. A set of graphs are prov1ded by the software to visually analyze the roadway. Each of
these tables and figures for this location is provided in Appendix B. The graphs 1llustrate erash
rates by segments and horizontal design element by station. The dashed green line in the crash |
rate bif segment graph is the moving average of the crash rate per mile per year. In additio:a, '
roadway eievaﬁon and radii are previded |
Based on these data, the crash rate for the section is 192 C/ 100MVM, Whlch is less than
the state average The graphs 1nd1cate the locatlons with potentlal problems are at stations
998_-!-64.03 to 1000+29.43 and 1025+69.64 to 1027+50.0 Where the sharper curves occur.
.The expected crash freQuencies and rates summaries for the_e_atire study are compiled in

Table 1 and shown in Figure 1 show.ing the total number of crashes and fatal and injury crashes
expected for the ana}ys1s period (2005 through 2008). Add1t1ona11y, the crash rate and fatal and -

injury crash rate per mﬂhon vehlcle mﬂes (C/MVM) are shown

12



LOCATION (STATIONS)
10001027 1090-1123 1149-119890-1220 :325;:];;?. 1460-1520-1565-1620 :f;:;ﬁf
- -| (997+00-1031+00) | (0+78.41-48+02.76) | (117%+12.9-1225+15) 1344+51.85) - (1490+00-1596+77.45) 1690+06.02)

Length (miles) 0.6438 0.8948 0.8716 2.0761 2,0222 0.3989
Total Crashes 5.6 20.4 34 235 337 4.6

Fatal and Injury Crashes 1.8 6.6 2.7 72 10.5 L3

Property -damage-only Crashes 3.8 13.% 57 153 222 3.1
Average Future Road ADT (vehicles/day) 3094 3094 3094 3094 3054 3094
Crash Rate per miles peryear 217 57 242 2.7 4.05 2.86

Fatal and Injury Crash Rate per miles per year 07 1.83 078 .37 13 0.52

Property-damage-only Crash Rate per miles peryear 1.47 3.87 1.64 1.34 275 1.94
Total travel {million vehicle-milss} 291 4.04 394 938 2.13 18
Crash Rate per million vehicle-miles 1.92 5.05 2.14 2.3% 3.58 2.53 _I

Fatal and Injury Crash Rate per million vehicle-miles 062 1.62 069 .77 115 0.81 i

Table 1: Expected Crash Frequencies Rates (2005-2008)

[-— Total Crashes

Crash Rates (G/MVM)

a5 T -5
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—
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; \
/ \
/ \
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n . ; \ . -~
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© ; e ~.
(%] / |~ ~.
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/ N\
; o ®
® | T2
10 +
+1
5 JF *
a —+ 4 + 4 0
1000-4027 1090-1129 1149-1190-1220 12501407 1460-1520-1565-1620 1670-1696

L.ocation

Figure 1. Expected Crash Frequencies and Rates by Location (2005-2008)

The crash rate per 100 million vehicle-miles ranges from 192 to 505 gver the entire

length of the section which is mainly attributed to the changing nature of various geometric

features ;along the roadway. IHSDM predicts three locations of the reconstructed roadway to
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k have a higher crash raté than _the ﬁresent statewide average. The average exﬁected crash rate for -
the entire reéonstructed rdadway.is 302 C-/ IOOMVM whiéh is greater than the statewide avérage- o

crash rate for a two lane rural road (250 C/ IOOMVM) Based on the data in Figure 1, only

sect1ons 1090-1129 and 1460-1620 exceed the statewide average The software also prcdlcts
942 cr_ashes throughout the study area for the four year perlod. Between 1995 and 1999, there
were 91 crash.es between mile in11ts 10.065 and 17.161 on US 119 or 22.8 crashes per .year. The :
software expects 23.55 crashes per -year over the study area between 2005 and 2008 which is. o
slightly higher thaﬁ the previous crash hisrtory. The statewide-avera.ge injury crash rate per 100
million vehicle-miles is 86. The. injury crash rate bet&een mile points 10.065 and 17.161 was-
91crashes/ IOOMVM between 1996 an(i EOOQ (7). The .e)ipectéd fatal and injury crash rate is 130
crashes/ IOOMVM fof the exiéting conditions of the roadway. The expected average injury and -
fatal crash rate computed per 100 million vehicle-miles for the studied section over the 4 year
| analysis peﬁod is 97.1 C/100MVM, which is higher than the state average. Based on the
pfedicfed figures, it could be stated that the new roadway will probably demonstrate a similar, if '
_no.t' s.lightly highei'; crash history as the preconstruction facility, both for all crashes and severe
crash_és. -

4.1.2. Expected C'rash Type Distribution
The distribution of crash types is also summarized in a table for the entire study area by

location (Table 2). Collision wﬁh animal (30.9 percent of total) and run-off-road (28.1 pel_“centllof
total) Crashes make up 59.0 percent of all expected crashres. The very small shoulders, sharp |
changes in hdrizbntal a_lignmgnt, steep grades, roadway cfoss séétion, and high roadsid:e hazard

rating are the most likely contributing factors of the high single-vehicle accidents. Multiple- -

14



vehicle crashes are expected to be 33.6 percent of the future crashes. The largest type of h

multiple-vehicle crash is the rear-end collision.

Table 2: Expected Crash Type Distribution by Location (2005-2008)

4.2. Changes in Geométry ;

LOCATION (STATIONS)
1000-1027 1080-1128 1149-1180-1220 12501407 1670-1696
Crash Type (897+00- (0+78.41- {(1173+12.9- {1235+00- . (ligzjgjﬂg:s#fg) {1669+00-
1031+00) 48+02.78) 1225+15) 1344+61.86) 1690+06.02)
Length (miles) 0.6439 0.8948 0.8716 20761 20222 0.3989
Single-vehicle accidents Number {percent)
Collision with enima! 1.7 (30.9%) 63 (30.9%) 26 (30.9%) 69 (30.9%) 10.1(30.9%) 1.4 (305%)
Cotlision with bicycle 0.0 (0.3%) 0.1 (0.3%) 0.0 (0.3%) 0.1(03%) 0.1 (0.3%) 0.0 {0.3%)
Collision with parked vehicle 0.0 (0.7%) 0.1(0.7%) 0.1 (0.7%) 02 (0,7%) 0.2 (0.7%) 0.0 (0.7%)
Collision with pedestrian 0.0(0.5%) 0.1 (0.5%) 0.0 {0.5%) 0.1 (0.5%) 0.2 (0,5%) 0.0 (0.5%)
Overtumed 0.1 (2.3%} 0.3 (2.3%) 02(2.3%) 0.5(23%) 0.8{2.3%) 0.1(2.3%)
Ran off oad 1.6 (28.1%) 5.7(28.1%) 2.4 (28.1%) 6.3 (28.1%) - 9.2(28.1%) 1.3 (28.1%)
Other single-vehicle accident 0.2 (3.6%) 0.7 (3.6%) 0.3 (3.6%) 0.8 (3.6%) 1.2 (3.6%} 0.2 (3.6%)
Total single-vehicle accidents 3.7(66.4%) 13.6 (66.4%) 5.6 {66.4%) 14.9 (66.4%) 21.7 (66.4%) 3.0 (66.4%)
Muttiple-vehicle accidents

Angle collision 0.2 (3.9%) 0.8(3.9%) 0.3 (3.9%) 0.9 (3.9%) 1.3 (3.9%} 0.2(3.9%)
Head-on collision 0.1(1.9%) 0.4 (1.5%) 0.2 (1.9%) 0.4 (1.9%) 0.6 (1.9%) 0.1(1.9%)
Left-turn collision 0.2 (4.2%) 0.9 (4.2%) 0.4 (4.2%) 0.9(4.2%) 1.4 (4.2%) 02 (4.2%)
| Right-tumn collision 0.0 {(0.6%) 0.1 (0.6%) 0.1 (0.6%} 0.1(0.6%) 0.2 (0.6%) 0.0 (0.6%)
Rear-end collision 0.8(13.9%) 2.8 (13.9%) 1.2{13.9%) 3.1{(13.9%) 4.6(13.9%) 0.6 (13.9%)
Sideswipe opposite~direction 0.1(2.4%) 0.5 (2.4%) 0.2 (2.4%) 0.5 (2.4%) 0.8 (2.4%) 0.1(24%)
Sides wipe same-direction 0.1(2.6%) 0.5 (2.6%) 0.2 (2.6%) 0.6 (2.6%) 09¢2.6%) 0.1 (2.6%)
Other multiple-vehicle collision | 0.2 (4.1%) 0.8 (4.1%) 03 (4.1%) 09 (4.1%) 1.3 (4.1%) 0.2 (4.1%)
Total multiple-vehicle collisions 1.9(33.6%) 6.9 (33.6%) 2.8 {33.6%) 7.5 (33.6%) 11.0 (33.6%} 1.5 (33.6%)

Total accidents 5.6 (100.0%) 20.4 (100.0%) 8.4 (100.0%) 22.5(100.0%) 32.7{100.0%} 4.6 (100.0%)

To demonstrate the effects of changes in geometric dimensions of a roadway with the use

of IHSDM, several design elements were altered to examine their impact on the safety

performance of the roadway. The entire study area contains several sections that are complicated -

to redesign without significant understanding of the roadway context and design constraints.

Therefore, smaller sections were selected to demonstrate such potential applications.

4.2.1. Cross Section Geometric Change

Locations 1450-1520 and 1565-1620 were chosen to evaluate a change in lane and

shoulder width and the removal of a climbing lane. The post-construction lane width for this
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éeCtion varies from 12 to 17 feet throughout this séction. Tﬁe 17—f06t lane width 1s in a very '.
shar.p- curve and is used mostly as a curve approach to reduce tracking problems for trucks. Fdr‘
most of rthe selected sectioﬁ the right shoulder width is two feet and left shoulder width is four
feet. I[-ISDM was run With several lane aﬁd shoulder width combinations. The changés

| evaluated include lane and shoulder'widtﬁ combinations with the climbing lane removal of |
existing lane Widths+éxisting shoulder widths, 12;%4, 12+3, 11+4, .12+2., 1143, 11+1, existing+0, '
'12.+lO, 10'+4_, 10+l2,‘ anci 104;0.' The. existing+tno shoulder with the climbing lane was analyzed in
addition to the existing conditions. Figufe 2 illustrates the changes madé'and displays total

- crashes apd crash rates per million vehic}eémiles over thé aﬁaiysis period of 2005 through 2.0.08. '
The first two bars sﬁow the effect of the removal of shoulder while maintaining the climbing

: fane. The remaming'bars represent the effects of the varioﬁs combinations but with the climbing

lane removed.
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Figure 2: Expected Crashes and Crash Rates: Roadway Geometric Cilange

The data in Figure 2 ir_ldicates that the Vcross section of the roadway has a large effect on.
the expected crashes and crash rates. There was a large increase in crash rates between the
existing léne and shoulder widths (358 C/100MVM) and analysis of 10-foot lanes and no
shoulderé (489 C/ 100MVM). There was also a large increase in the number of crashes from 32.7
in tﬂe existing conditions to 44.6 in the 10+0 design. |

The closest equivalent cross section c-omb'ination of the previous condition for this
section of roadway is the scenario of 12~f00t lanes and 2-foot shoulders withut a climbing lane.
According to Vthe softwarg results for this analysis, tﬁere ié an imﬁ)rovement in the
crashes/ 1OOMVM ffom 419 (12+2) to 358 C/IIOOMVM(Existing conditions), which is a 14.5

percent i'mprovement. For roadway sections with pre-construction cross section of 10-foot lanes
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and 2-f00tl shoulders without a ciimb_ing lane, there is 22.6 percent improvement in
crashes/100MVM to'the- existing conditions.

Additional analysis was performed to compé.re the roadway width with crash ratés for |
' this roadway section. ASSuﬁling the climbiﬁg l.ane is removed, the following ﬁguré illﬁstrateé tﬁe

comparison of the total roadway width with the crashes/MVM and crash rate per miles. ~
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17 ~ 8
. A Crash Rate per miles per year . {
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12+4 11+4 12:+2 11+3 10+4 - 12+Q 11+1 10+2 10+0
' Lane Width + Shoulder Width

Figure 3: Roadway Width and Crash Rate Comparison

The analysis is grouped by total roadway width. There is not a difference between crash
rates or total expectcd crashes when comparing the roadway with 12-foot lanes_and 2-foot
s}_ioulders and 11-foot lanes with 3-foot shoulders. Reducing the lane width to 10 feet and

increasing the shoulder width to 4 feet resulted in a 7 percent increase in crash rate per million
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- vehicle-miles. There wasa 1.5 perceﬁt decrease in crash rate per million vehicle-miles froin a
| roadWay With IZLfoot wide lanes and né shoulders to one with 11-foot wide lanes and 1-foot

shoulders. Fora roadway with 10-foot lanes and 2-foot shoulders, there was an increase of 6.4
~ percent in craéh rate bér million vehicle-miles when compared to the 11-foot lanes and 1-foot
shoulders combination. Therefore, these data indicate that 10-foot lanes should be avoided, since
they have the pofential of increasing crash rates while 11 and 12-foot laneé seem tol perform
equally well and could be used as needed to accommodate other project requirements.

| Additionally, the expected crash rate for the roadway with 10 foot lanes and 4 foot

shoulders combinatioﬁ is gTéater than for the roadway cross SeCtion of 12 foot lanes and 7610
éhouiders e_xpe_cte_d crash rate. Even th;)ugh the total roadway width is greater for:thaf 10 foot
lanes and 4 fdot shoulders, it has a higher crash rate than the roadway with 12 foot lanes and zero
shouldérs, which also supports the finding that the lane width is the more important geometric

feature regarding crash potential.
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Figure 4: Roadway Width and Crash Rates Regression

Figﬁre 4 shows the.relationship-of .the entire roadway width to the crash rates. Thére 1sa
.strong relationship between roadway width and the three.designated crash rates shown in the
above figure. The R—s.quarcd value for all three crash rate cases is close to 0.85, which sho.ws a
well-defined felatioﬁship. It has been shown that lane and shoulder Widtﬁ widening is directly
rglated. to safer travel on highways, and that widening the width of the travel lane has a larger
impact on craéh rates than shoulder width widening (10). There is a seven percent increase in’
crash rate per 100 million vehicle-miles from a rogdway with 12 foot 1&&1@3 and 2 foot shoulders

to a roadway with 10 foot lanes and 4 foot shoulders.
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The adjustedrcrash rafe for run-off-road and opposité di’rectioh data was computed using -
amodel derived by Zeeger énd Deacon (10) and providéd n Figure 4. The trénd of crash rate |
bétweeﬁ the IHSDM crash rates by total road width is very similar to the run-off-road and
opposite direction crash rate by roadway width. According to the previous work th¢ two types of
rcrashes were chosen because of their high pefcentage of occurrence on highways and accessible

data.
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Figure 5. Shoulder Width Comparison Between Lane Widths

Figure 5 depicts the crash rate per million vehicle-miles for shoulder widths by lane
width. These data also confirm that there is little gain from the addition of the shoulder and the

crash rates are somewhat similar among three lane widths.
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4.2.2. 'Hc_)rizoﬁtal Alignment Change |

In addition‘ :tQ cross section geometric dimensions, horizontal ﬁnd verticaI: alig,nmf:ntsj o
could be changed and evaluated.. The first alignﬁlent change involved completely removing a
- series of c@és.’ Thé curves removed are located in Location 1220 between stations |
1216+89.570 aﬁd 1223+72.340.' Figure 3 shows the results of the analysis before and after the
curve removal. The curve removed was very sharp and was adjacent to a houée' and property; .
| therefore, removal of the curve would result in relocation of the residents. The length éf
" roadway analyzed Wés 0.43 mﬂés. These data indicate thét the curve removal would result in a
.66-'percent ;eduction in total crashes and a 67.—percent reductioﬁ in crash rate per million vehicle-

miles over the analysis period.

s Total Crashes
— Crash Rate per milllen vehicle-miles
—i— Crash Rate per miles per year

T+ 1.8

Crashes
Crash rate (CAMVM)

+ o8

Before curve removal ' ", After curve removal

. Figure 6: Expected Crashes and Crash Rates: Curve Removal

Removing the set of curves to improve the horizontal alignment and safety is probably an '
extreme solution for this roadway context. The cost of constructing such an alignment would |

probébly exceed the benefit of reducing.the total crashes and crash rates.
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Tﬁe secona horizontel al'ignment. adjustment was made in Locations- 1460;1520 and
1565-1620. The post construction radiue of curvanire ie 244 feet and is located between stations
1561+47.200 and 15644L39.640... An analysis was completed on increasing the radius to 375 feet
and decreasing it to 70 feet. An anaiyéis 011. acurve with a 70 foet radius was. chosen because 1t
is the mipimum radius used for the constfueted roadway. A radius of 375 fe.et was chosen
Because it is higher than the average curve radius in the section. Figure 7 illustrates the results of

~ a four year analysis ('2005 through 2008) of the curve only.

3000 r

2500

. . 2390 -
| 2000 ~ \
1500 +— .
1000 4— : 5 | \ '

0 J— : ; — -
. 244 ars
Radius{f) '

Crash Rate(G/100MVM)

Figure 7. Expected Crash Rates: Radius Change: Curve Only .

As shown from Figure 7, the crash rate dropped from 392 to 201 C/100MVM from

increasing the radius, which agrees with literature stating such an alignment improvement
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'c.lecreas':e-s _the totél crashés on cur%._/es (8). As expected, decreasing ﬂle radius tcﬁ_ 70 feet résulted
in a very large increase in craéh rate (510 percent). | |

| To fuily- evaluate the effect of increasing and decreaéing the radius éﬁd fangerits, an
analysis of thé same sceﬁaﬁos was conducted inclﬁding the preceding -a:nd following curve and

tangent about the changed curve. The results are compiled into Figure 8.
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Figure 8: Expected Crash Rates: Radius Change

Increaéing the :adius' from 244 feet to 375 feet resulted in a slightly higher crash rate. In
fact, there was a 5 percent increése between the two categories from this change where the radius

was increased and the curve was flattened. This analysis considered the tangents and curves
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-' before aﬁd after the changéd curve. The results show that the length of the roadway. is fhe most
important factor 'sinée sharper curves will result in 10hger tangents and the overall crash rate
remains somewhat similar (324C/100MVM for 70-foot radius as compared to 325 C/100MVM
for 244-foot radius). The flatter curve .produce.d a higher rate because of the longer éurve that
resulted in eliminating any tangent between the sections. Therefore, the proper Way for

evaluating such changes 1s to consider the adjacent sections along with the curve.
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5. CONCLUSIONS

Analyzing the post construction roadway and changes in geometric cross séction and

horizontal alignment to the roadway with IHSDM resulted in the following ﬁndingé.

Geometric and Alignment Analysis

Opposite sideswipe crashes are not illustrated very well because the design vehicle is not

considered into the calculations for the Expected Crash Prediction Module.

Increasing lane width in extreme horizontal curves reduces expected crash rates by
allowing wider lanes for vehicles to track within their designated lanes.

The total roadway width (lane and shoulder) is directly related to the expected crash rate,

' although it is also more important to provide wider lanes than wider shoulders for

vehicles within the same total width.

On horizontal curves, inc;t.aasing. the radius doés not necessarily increase safcfj/._ '
Horizontal curve flattening should not be implemented if adjacent tangents are feduced to
an unsafe distance. Tt is more beneficial to have longer tangents with re.asonablc curvés.
The largestlimpact on safety for a rural road of this type 1s providing a Wicie total
roadway cross section; travel lanes bn horizontal curves with small radius of ;:ur{fature
and large degree should be wider than typical to provide the driver more foom of error.
A truck climbing lane has a positive effect on safefy.

If previous geometric data was available, a comparison of different designs could hé_we

‘been performed to evaluate more precisely the improvements made to the roadway
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Existing Conditions Analysis |
o | L_ocations that have an ex'pected. crash rate per million vehicle-miles higher than the state
| average'are: 1090-1129 (505 C/100MVM), '1460-1520;1565—1620 (358 C/lOOMVM),
~and 1670-1696 (253 C/lOOMVM) |
e The average expected crash rate for the roadway study is 302 crashes/100 MVM; as
: compar'ed to the statewide average of 250 crashes/ IOOMVM.
o The average expected fatal and mjury crash rate for the roadway study is 97 crashes/100
MVM as compared to the statewide average of 86 crashes/100MVM.
. Accordlng to the shoulder width comparison between lane widths of Locatlons 1460-
-~ 1520- 1565 1620 a roadway that has 12 foot lanes and 2 foot shoulders has an equivalent
crash rate to a roadway with 11 foot lanes and 3 foot shoulders.
o Lane widths of 11 and 12 foot similar expected crash rates and bothrhave a lower crash

rate than 10-foot lanes
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| Roadsu:le Hazard Ratlngs used by IHSDM

N This page deserlbes the roads1de hazard rating values used by IHSDM. The roadside hazard rating value
. Prediction Module. This description is adapted from Appendix D of Publication No. FHWA-RD-99-20'
Expected Safety Performance of Rural Two-Lane H ighways . : .

The roadside hazard rating system is based on the system developed by Zegeer,-et al. to characterize the
roadside designs found on two-lane highways. Roadside hazard is ranked on a seven-point categorical s
(worst). The seven categories of roadside hazard rating are defined as follows:

o Rating=1

o Wide clear zones greater than or equal to 9 m (30 £) from the pavement edgeline.
o Sideslope flatter than 1:4.
o Recoverable.

Figure 1, Tvpical Highway with Roadside Huazard Rating Equal to 1

Rating = 2

o Clear zone between 6 and 7.5 m (20 and 25 ft) from pavement edgehne
o Sideslope about 1:4.
o Recoverable. '

Figure 2, Typical Highway with Roadside Hamm’ Rating Equal 1o 2-

Rating=3 -

o Clear zone about 3 m (10 ft) from pavement edgeline.

Sideslope about 1:3 or 1:4.

Rough roadside surface.

Marginally recoverable.

Figure 3, Typical Highway with Roadside Hazard Raz‘mg Eaua] to 3

0 0 ©0

Rating =4

o Clear zone between 1.5 and Im (5 to 10 ft) from pavement edgeline.
o Sideslope about 1:3 or 1:4.
o May have guardrail (1.5to 2 m [5 t0 6.5 ft] from pavement edgeline).
o May have exposed trees, poles, or other objects (about 3 m or 10 ft from pavement edgeline
o Marginally forgiving, but increased chance of a reportable roadside collision.
Figure 4, Typical Highway with Roadside Hazard Rating Equal to 4

Rating=5

o Clear zone between 1.5 and 3 m (5 to 10 ft) from pavement edgeline.

- o Sideslope about 1:3.

o May have guardrail (0 to 1.5 m [0 to 5 ft] from pavement edgeline). :
o May have rigid obstacles or embankment within 2 to 3 m (6.5 to 10 ft) of pavement edgeline
o Virtually non-recoverable.

Figure 5, Typical Highway with Roadside Hazard Rarme Equalto 5 -

Ratlng 6

o Clear zone less than or equal to 1.5 m (5 ft).
o Sideslope about 1:2.
o No guardrail. '
o Exposed rigid obstacles within 0 to 2 m (0 to 6.5 ft) of the pavement edgehne
o Non-recoverable.
Figure 6, Tvpical Hzghwav wth Roadside Hazard Rating Fqual to i)

Rating =7

o Clear zone less than or equal to 1.5 m (5 ft).
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o Sideslope 1:2 or steeper.
- o Chff or vertical rock cut. -
o No guardrail. : -
o Non-recoverable with high likelihood of severe injuries from roadside collision.
~ Figure 7, Typical Highway with Roadside Hazard Rating Equal to 7

 The following ﬁgﬁrés pfescnt photo grﬁphs illuétrating the seven roadside hazard rating categories.
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Side Hazard | |

Figure 1 Typical Highway with Roadside Hazard Rating Equal to 1
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s -t

Figure 3 Typical Highway with Roadside Hazard Rating Equal to 3
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igure 6 Typical Highway with Roadside Hazard Rating Equal to 6



Page 9 of9

Roadside Hré‘tza.rd Ratings used by IHSDM

ad S

ide Hazard

O

ting Equal to 7

de Hazard Ra

ical Highway with Roadsi

7 Typ

igure

F



- AppendiXB

‘Sample Printout of IHSDM Crash Expectation Module: Location 1000-1027
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', IHSDM Analysis Report

-. IHSDM Analysm Report

IHSDM Versxon 2.05b; Mar 07, 2003 (11:27)
Date: October 5, 2004 7:28:23 AM EDT
Name: (trafficlab)

Organization: Kenmcky Transportatlon Center
Telephone:
E-Mail:

Project: US 119 (unspecified)
Analysis: US 119 LOCATION 1000 AND 1027 (STA 997+00 - 1031+00)

- Highway Information: US 119, chain: none (combined, file: US_119) .
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1. Crash Predictibn Module

Crash Prediction Module Version: 1.00e (CPM Dec 13, 2002).
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- 1.1 Segment Summary
.Proposed HighWay: US 119, chain none( combined, blob US_119)

P.roposed HighWay Segment Data

. Lane Width | Shoulder (| Shoulder {|priveway || Roadside || Horizontal Passing
Segx;ent Station Le:;tgth (ft) Width (ft) Type Densityy Hazard Curve Gl;ade Lane Center
[Csare || ®nd " |[Righo]|Lef | Righ] [Lert [Right]| Lot || @vysimd}| Rating || Number || %) |mirang T WLTL
1 J[97+00.000 [ 958+54,030 |[_154.03][ 11.00][11.00][_4.0¢][2.00][paved] [paved]]| 02 5 ] 1 ][ 70 no J[=o][_no |
{2 1[e98+64.030[999+60.000 || 95.97][11.00][11.00][ 4.00][2.00] [paved] fpaved{ 0zl 5 [ 2 J[ 7ol mo |[m0][ no |
[ 3 ]{999+60.000 |[1000+29.430]{ 69.43][11.00][1L.00][ 4.00][2.00][paved] [paved]| o2 5 [ 2 ][ s8] no |[nof[ mo |
[ 4 ][1000+29.430][1001+50.000]( 120.57] 11.00][11.00][ 4.00][2.00]paved] [paved]| 025 [ - W sst[no |[me ][ me |
[ 5 |[xo0i+50.000][1o61+71.840][__21.84][11,00|{11.00]] 4.00]{2.00][paved][paved]| o2 5 I - e[ o J[ne][ o |
{6 [oe1+71.850][1003+84.140] [_212.30][11.00][11.00]_4.00][2.00][paved][paved]| 02l s [ 3 [ 881 ne [[no}[ o
[ 7 ][1003+84.140][1018+13.490][1.429.35] [ 11.00] [11.00][ 4.00}[2-00] fpaved][paved][ o2 5 [ - 881 no |[no][ no
[ s fio18+13.490][1019+33.730][ 120.24][11.00][11.00]{ 4.00][2.00][paved][pavez]| ez 5 4 [ 881 nc ][ne][ no
L9 lors+33.730][1019+71.330][37.60)[11.00][11.00) 4co]{2.00|[paved][paved][  e2l[ 5 J[ - |[_881[ me {no][ mo |
[ 10 [1019+71.330][1021+46.550][175.26][ 11.00][11.06][ 4.00][2.00] [paved] [paved]]| 02" 5 J[ 5 [ &8t} no |{mo ][ me_]
[ 11 jfroz1+46.550] [1024+00.000]|_253.41][11.00][7.00][4.00][2.00] [paved] [paved]] 02 5 [ 6 [ 881 no J[mo][_mo_]
[ 12 |i1024+00.000][1024+69.570][__69.57]{11.00][11.00][ 4.00][2.00] [paved][paved][ 02 5 H 6 [ 881[ =0 J[oo ] me |
[ 13 |[roza+69.570|[1025+30.000][ _60.43][ 11.00}[11.00][ 3.65}[2.70] {paved][paved]| 02 s T 7 g8 ne J[aofl ne }
[ 14 [1025+30.000][1025+69 540][__ 39.64][11.00][11.00][ 3.35][3.30] [paved]fpaved] 025 1 7 [ 88l no J[mo ][ mo | -
[ 15 |[1025%69 640 [1026+00.000] [ 30.36]{11.00][1.00][ 3.15][3.70] [paved][paved]] 025 [ 8 [ 85| mo J[mo ][ e ]
[ 16 |[1026+00.000][1026+50.000][ _50.00][11.00}[11.00][ 3.00][4.00] [paved][paved 0 5 T 8 ] 883w J[mol[ mo |
[ 17_](ic26+50.000][1027+30.000])[_100.00][11.00]{11.00}[ 2.73][350] [paved] [paved|[ 0[5 [ 8 [ 960 no [nojl mo "}
[ 18 |[1027+50.000][1027+91.240][ _41.24][11.00][11.00][ 2:25][2.50][paved] [paved]| o2 s 8 [ 783 mo |[no][ mo |
[ 19 |[1027+91.240][1028+00.000][  8.76][11.00][x1.00][ 2.0¢][2.09][paved][paved]| 025 [ 5 ][ 28] mo |[ne ][ mo
[ 20 }1028+0c.000]f1028+50.000f 50.00][ 1 1.00][17.00][ 2.00][2.00] [paved]fpaved]| 02 s 9 [ 78 wo l[no][ no |
[ 21 |[roz8+50.000|[i029+25240][ _75.24][11.00}[1L.00][ 200][2.00][paved][paved][ 02 5 [ 9 ][ 78| o |[mo|[ wo |
22 J1029+25.240] [1031+00.000][_174.76][11.00][11.00][ 2.00][2.00] [paved] Faved]| 0z 5 10 [ 718} no [ne][ no |
Highway Segmen{ Data from the CPM Engineer's Manual
. Proposed Horizontal Curve Data
Horizontal Station Length Radius ||Superelevation Design Spiral
Curve , of Curve (ft) (%) Speed Transition
Number Start End (ft) ¢ (mph)
1 1 | 996+57.430 || 998+64.030 || 206.60]/1,164.00] ~-10.00]| 40| none |
| 2 | 998+64.030 ][1000+29.430]  165.401 132.10} -10.00]| 40)  nome |
|3 11001+71.840{1003+84.140] 21230 737.80] -8.27, 40]  none |
[ 4 l1018+13.490|[1019+33.730] 120.24][1,000.00]] -9.67]] 40][ none |
| 5 [1019+71.330][1021+46.590] 17526 52110 = -9671 . 40§l none |
l 6 |11021+46.590][1024+69.570] 322.98[[2,761.90| 967 40 nome |
| 7 |1024+69.570][1025+69.640[ 100.07]] 287.00]] 967 40| none !
| 8 |[1025+69.640][1027+91.240]] 221.60|| 106.90] -9.67]| 40]  nome |
E 11027491 240[11029-+25.240]  134.00] 284.50]| -9.67| 40|  none |

I | N - o
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1{ 10 \]1029+25.2@|l1031+64.8207 239.58]3,464.00  -9.67| 40|  nome |

Horizontal Cﬁrve Data from the CPM Engiheer's Manual

Proposed Segment Traffic Volume

Station . H Analysis Period - ADT (v/day) [
Start || End [ 2005 || 2006 | 2007 | 2008 |

I 122 ) 997+00.000 || 1031+00.000 | 3,048 3078 3,109 3,140

' Interpolated values rendered in blue font.

Segment # lL

Segment Traffic Volume from the CPM Engineer's Manual
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'THSDM Analysis Report '.

1.2 Expect_éd'-Crash. Rates and F_requehcies

Analysis Date: . October 5, 2004
Project Name: US 119 7
- Project Comment: - unspecified S
US 119 LOCATION 1000 AND 1027
STA 997+00 - 1031400

~ Analysis Name:
Analysis Comment:

" Proposed Highway: US119
Chain: ' - none
Comment: combined
Analysis Limits: .~ 997+00.000 to 1031+00.000
‘Analysis Length:  0.6439 miles L

-Analysis Period: - 2005 to 2008 (4 years)
Crash History Data: None
Unit System: English

Ex'pected Crash Frequencies and Rates (Summary)

Page Sof12

| Property-damage-only Crash Rate per million vehicle-miles

[Total Crashes IE
| Fatal and Injury Crashes (32%}) || 1.8 | .
I Property-damagc-only Crashes (68%) || 3.8 I
[Average Future Road ADT (vehicles/day) | 3094.0 §|
ICrash Rate per miles per year ” 2.17 | :
[ Fata] and Injury Crash Rate per miles per year ” 0.7 ]
| | Property-damage-only Crash Rate per miles per year “ 1.47 l
Total travel (million vehicle-miles) I 291 |
|Crash Rate per million vehicle-miles 192 |
[ Fatal and Injury Crash Rate per million vehicle-miles | 062 |

L 13 |

'Expected Crash Frequencies and Rate from the CPM Engineer's Manual

N o o e T W LW & b e e 4w g A ae

- o ) e o A A



IHSDM Analysis Report Page 6 of 12
1.3 Expected Crash Type Distribution
Analysis Date: Qctober 5, 2004
Project Name: - US 119
Project Comment: unspecified
Analysis Name: US 119 LOCATION 1000 AND 1027
Analysis Comment: STA 997-+00 - 1031+00
Proposed Highway: US 119 '
Chain: ~ none
Comment: ~ combined
Analysis Limits: 997+00.000 to 1031+00.000
Analysis Length:  0.6439 miles
Analysis Period: 2005 to 2008 (4 years)
Crash History Data: None
Unit System: English
_ Expected Crash Type Distribution _
l ' Crash Type JL Highway Segments JL Intersections J] ~ Total . l

|Sing1e-vehic1e accidents

Expected Crash Type Distributions from the CPM Engineer's Manual

& e e - = o e h o e e

e e e —— — =

| Collision with animal | 17609%) | 0000%) | 1.7(309%) |

| Collision with bicycle I 00(03%) I 0000% | 0003%) |

| Collision with parked vehicle | 0.0(0.7%) | 0000.0%) | 0.0(07%) |

| Collision with pedestrian | 0.0(0.5%) | 0000.0%) J| 00(05%) |

[ Overtumed I 0.1 (2.3%) | 0000%) | 0123% |

[ Ran off road I 1.6(28.1%) I 0.000% | 1.6(28.1%) |

|| Other single-vehicle accident I 02(3.6%) || 0000% | 023.6%) |

Total single-vehicle accidents L 3.7(66.4%) L 0.000% [ 3.7(664%) ||
lMultiplewvehicle accidents J S _ o -

| Angle collision I 0.2 (3.9%) | 0.000%) | 020395%) |

[ Head-on collision L U 01@e%) ) 0000%) J 01(1.9%) |

[ Left-turn collision I 0.2 (4.2%) | 0.000%) | 0242%) |

[ Right-turn collision I 00(06%) || 000.0%) | 0.0(06%) I
[ Rear-end collision | 0.8 (13.9%) | 000.0%) I 08(13.9%)

|| Sideswipe opposite-direction || 0.1 (2.4%) [ 0000% | 01@24%) |

[ Sideswipe same-direction l 0.1(26%) ~ | 00(00%) Ji- 0.1(26%) I
| Other multiple-vehicle collision I 0.2 (4.1%) [ 0000% ] 02(41%) |
[Total multiple-vehicle collisions L 1.9(33.6%) I 0.000%) | 1.9(33.6%) |

ITotal accidents L 560000%) || 00(0.0%) ] 5.6(100.0%) |

9 e 3 e P o n
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1 4 Expected Crash Rates and Frequenc1es
Analysis Date: October 5, 2004
- Project Name: US 119
Project Comment unspecified
Analysis Name: US 119 LOCATION 1000 AND 1027
~_ Analysis Comment STA 997+00 - 1031+00
. Proposed Highway: - US 119
Chain: - none
Comment: combined
Analysis Limijts: 997+00.000 to 1031+00.000
* Analysis Length:  0.6439 miles '
Analysis Period: 2005 to 2008 (4 years)
Crash History Data: None
 Unit System: English
Expected Crash Frequencies and Rates (Segment)
. r Stations I - [ Expected Crash Rate J
1I\?ters;acctmn _ Length ]?)gectﬁd nfo. = —iTlion Expﬁct?d no. fof
ame/Cross _ : of Crashes for ) Jmillion- ) crashes/year for
Road From To - (mi) analysis period||/mVyr veh-mi ‘?“:}‘Z‘;ﬂg intersection
| I 997+00.000 | 998-+64.030 || 0.0311] 0.2383)[1.5180]]  1.6984]| I

l [ 998-+64.030 |[ 999-+60.000 ][ 0.0182]| 0.6159||8.4712)  7.5013l; [N

[

|[999+60.000 [[1000+29.430] 0.0131] 0.4520][8.5929]{  7.6091]] |

I

| [1000+29.430][1001+50.000][ 0.0223][ 0.0736][0.8058[  0.7135][ B ]
R {1001+50.000][1001+71.840]|_0.0041]| 0.0133j0.8058]}  0.7135| Il |
[ J[1001+71.840][1003+84.140][ 0.0402][ _ 0.5321)[3.3086]] _2.9298]] R ]
[1003-+84.140][1018+13 490] 0.2707] o.8725]0.80s8i] o7iss|[ | ]
i [[1018+13.490][1019+33.730{ 0.0228]| 0.3588][3.9384] 3.4875} 'R
[ 111019+33.730][1019+71.330][ 0.0071][ 0.0230]0-8058 07135 |
a |[1019+71.330)1021+46.590]] 0.0332|| 03471l.6146ff 23153 [
P 111021+46.590][1024--00.000] 0.0480}} 0.2554||1.3302)]  1.1779]} Bl
| [{1024+00.000][1024+69.570} 0.0132]| 0.0701][t.3302)f 11779 ]|
{ [1024+69.570][1025+30.000][ 0.0114]] 0.1395]3.0471)[_ 26982
[ 111025+30.000](1025+69.640]] 0.0075]] 0.0912|[3.0376!] 26898 B
| I1025+69.640|1026+00.000 0.00s8|] 0.1388]l6.0365] 53453l [
I 111026+00.000][1026+50.000]] 0.0095)] 0.2282)[6.0252}f 53354 - |
| 11026+50.000[1027+50.000) 0.0189]| 0.4655l6.1448  5.4413) [
| [[1027+50.000]{1027+91.240/( 0.0078]| 0.1907)(6.1036] _ 5.4048] [
[ 1[1027+91.240][1028+00.000][ 0.0017]| ~0.0206][3:1027][ 27475 |
[ |{1028+00.000][1028+50.000] 0.0093]| 0.1177|3-3075][_27518]| i
| [[1028+50.000][1029+25.240]] 0.0142]| 0.1755)[3.0788]|  2.7263| i
L

il1029+25.240][1031+00.000][ 0.0331]| 0.1618][1.2221]  1.0822| I
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Expected Crash Frequencies and Rates by Horizontal Design Element

Results by Homogeneous Analysis Sections from the CPM Engineer's Manual

Stations : - Expected Crash
Design Element (Horizontal Length [ Expected no. of Crashes Rate
Curve Number or Tangent (mi) for analysis period , fmillion-
. From To _ /milyr vehomi
[Curve 1 ~|[997+00.000 || 998+64.030 ] 0.0311][ 0.23834{1.9180]  1.6984]
Curve 2 - ~|[998+64.030][1000+29.430] 0.0313]] 1.0679)18.5223||  7.5465!
[Tangent - |l1000+29.430[1001+71.840][ 0.0270]] 0.086910.8058||  0.7133]
{Curve 3 _|[1o01+71.840][1003+84.140]  0.0402] 0.5321j/3.3086||  2.9298]
[Tangent 11003+84.140][1018+13.490]  02707][ © 0.8725]0.8058]]  0.7135
ICurve 4 _|[1018+13.490][1019+33.730] _0.0228][ 03588|[3.0384] 34875
[Tangent |[1019+33.730][1019+71.330]f 0.0071][ 0.0230][0.8058]]  0.7133]
- HCurve 5 |l1019+71.330)1021+46.590][ 0.0332]| 0.3471)12.6146| 23153}
|iCurve 6 ~ |[1021+46.590][1024+69.570] 0.0612]f 0.3255)1.3302] 11779
ICurve 7 " |[1024+69.570][1025+69.640]  0.0190|[ 0.2307)3.043311 26949
ICurve 8 |[1025+69.640]1027+91.240][  0.0420]] 1.0233)6.09530  5.3974| -
[Curve 9 [1027+91.240][1029+25.240]]  0.0254][ 0.3138|3.0011][ 27372
[Curve 10 ~ |l1029+25.240][1031+00.000][  0.0331]| 0.1618/1.2221)  1.0822|
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1.5 Crash Rate Plots

Graph: Crash Rates
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Raw Data & Sliding Scale Data

Project US 118
Analyeis: UGS 118 LOCATION 1000 AND 1027
. Highway: US 1149
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~ Appendix C

- Expected Crash Frequencies and Rates (Summary)

Total Crashes

i i
Propertydamage-only Crashes (68%) 303

Crash Rate per miles per year | 552
: f fgj

PR A t

nnveh I
million vehicle-

33






