6209715

“bagez o
L IIIIIIIIU

Y . ' Research, Development,
. CONSTANT WARNING TIME s

; Turner Falrbank Highway
Research Center

" DEVICES FOR RAILROAD- HIGHWAY R
@  CROSSINGS *

US.Department . ' Report No.
of Transportation _ _ FHWA/RD-86/156
Admlnlls:'(gﬂon ' ‘ Final Report

_ December 1985

This document is availably to the U8, public through the Netional Technical information Servics, Springfield, Virginis 22161



e

NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The »
United States Government assumes no liability for its contents or use
therefore. ‘

The contents of this report reflect the views of its authors who are
responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policy

of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are
considered essential to the object of this document.



Technical Report Documentation Poge

1. Roepert Ne. ) 2. Government Accession No.

FHWA/RD-86/156

3. Recipiont's Catelog No.

P886-2097157KS‘

4. Title end Subtitle

Constant Warning Time Devxces for
Railroad-Highway Cross1nqs

5. Report Date

December 1985

[} P.r‘omn?' Orgonizotian Code

7. Aurhe's!

B.L. Bowman

8. Performing Orgonization Report No.

9. Poriorming Orgenizetisn Nome end Address

Goodell-Grivas, Inc.
17320 W. Eight Mile Rd.
Southfield, MI 48075

10. Work Unit No. (TRAIS)

31A6-264

11. Contraet or Grant No.

DTFHE1-84-C-00023 .

12. Sponsering Agency Neme end Address
Federal Highway Administration
Of fice of Safety & Traffic Operations (R&D)
6300 Georgetown Pike

13. Typt of Report ond Period Covo *d

F1na1 Report
June 1984 - January 1986

14. Sponsoring Agency Code

McLean, Virginia 22101 » T-0663

’ 15T Supplementory Notes
:'\, L .
EﬁwA/tontract Manager: H. Bissell (HSR—30)
S

18 Abatioct

“The primary—purposes--of=thds study -were=to determ1ne the extent of use, reasons
for-nonuse; and the effectiveness of constant warning time (CWT) systems. . CWT sys-
tems consist of track circuitry and control logic capable of determining train speed,’
motion, and distance from the cross1ng These parameters are used by the logic sys-
tem to estimate train arrival time and to provide. a uniform amount of advance warning

at the railroad-highway crossings. The result is that motorists are not subjected to
unnecpssar11y ]ong delays before train arrival.

-Analysis of operational data indicated that CWT systems are effective in both
“providing a uniform amount of advance warning and -in reducing motorist violation of
the warning system. . A comparative analysis of vehicle-train accidents occurring from
1980 through 1984 $as also performed. This analysis indicated that crossings with
CWT systems, in th@ majority of cases, have a Tower accident rate than crossings
- without CWT. This dnfference was not, however, large enough to be statistically sig-
n1f1cant at the 95 percent conf1dence level., * :

The study disclosed that some of the factors 1nh1b1t1ng the 1nsta11at1on of CWT
systems are based on perceptions of cost, dependability, and compatibility formed
from problems with early CWT sytems. Many of these problems have been resolved and
are no longer preva]ent in current models.

i7. Key Words . o ‘18, Distibution Sratement

Railroad-highway grade crossings,
constant warning time devices,
driver expectancy, vehicle-train

agency. This document is available to
the public only through the National
‘Technical Information Service, Sprlngfleld

accidents Virginia 22161,
19. Security Classit. (of this report) 0, Soeum, Class:f. (of this poge) 21. Ng. of chu 22, Puce .
' . / 1 '
Unclassified Unclassified - - fr,’,/’f’/ /695

Form DOT F 1700.7 0-72)

Reproduction of completed page suthorized

\

! .




g

[
METRIC CONVERSION FACTORS | L
roxi nversion i Cw - ) ) ) s
Approximate Co ons 10 Metric Measures —_ Approximate Conversions fiom Mstric Measures e
: . . =, Symbal Whes You Haew Multigly by Te Find - Symbel
Symbel. When You Kasw Muiltiply -by Te Find Symbel ] . . : .
- = LENGTH :
LENGTH - 7 . !
I mm milhimeters i 0.04 wches
. —_— cm gmxim;o{l . 0.4 . inches _
w inches B 2] ' centimalors ‘cm - N molers C 33 . ftast
f fost 30 centimuters cm - -_— m meters 1.1 vards
yd yards 0.9 metors o™ -— wm Lilomotess 0.6 miles
- “ miles 16 kilomaters km I ’ '
AREA — AREA
2 . . X 2 @ —_— ot square centimatars 0.18 squase inches - nd
lll squase inches . 6.6 square centimeters a;n —_— mé square meters 12 square yards o
ft square feat - 0.09 . square metess ™ -_— ) oy square hilometsrs 0.4 squara miles -id
square yards 0.8 : square meters m — he hectares (10,000 m?) 18 acres
il squaze miles 2.8 . square kilgmetess m? —_—
acies 0.4 heclares ha -
" MASS {waight) - —= MASS (waight)
— grams 0.035 unces o
o ounces 28 grams ] - 9
pound : . — kg kilograms. 3 22 . pounds »
“ shon l'onl : :;E ) ::'l:::'m . :lD — 1 tonnes (1000 kg) 1.1 shart tons
12000 1b) : - —= :
- VOLUME — VOLUME
tsp . tsaspoons 5 mllititers mt — ml -~ milisliters 0.03 tiuid ounces o
Tosp 1ablespoans 15 milliliers ml —_— 1 litors 2.1 pinta m
fl oz . llud ounces 30 R milliliters mi « —_ ] liters 1.06 quarts R
€ cups ‘024 hers S — 1 litors 0.26 gallons oal
[ pints 0.47 tivars 1 — m’ cubic meters % cubic lest ft
qt quants . 0.95 lhiters 1 - m? cubic meters - 13 cubic yards ve?
gal patlons 3.9 liters . a — ’
" cubic feel - 0.03 cubic melers m? =
ya® cubic yards 0.76 . cubic meters md . - TEMPERATURE (exact)
TEMPERATURE (exact) — °c . Calsius : 9/5 (then Folvonhait s
: o —_— Iempesature odd 32) tamporature .
°F . Fahrenheit 6/9 (aher Celsius c =
v buacting lomparature - = \ ' °F
32) — oF 32 98.6 22
- -0 ) a0 80 120 160 200
“1un b 2.54 icxactly). For olned exsct ¢ Sions and Ut1asied 1abies, Ses NBS Misc. Publ 286, 5 _ i N
o of Warsive and dosv e, Price 52,25, SD Cataiog No. 1O 0286, T § — -3 "% i 20 "Lo % ' so .',2"‘
. - = .

BT B

-,



TABLE OF CONTENTS

EXECUTIVE SUMMARY ... iuvrennnnvnvnnncorensnonseencnenannss e, 1
Intr’OdUCt'iOn ooooooo crseasrsesstencestacs ‘s 8 a4 e ¢ 9 00 e ecaaar 01-0‘-‘0.0.. 1
Study Scope and ObjectiveS...ivvvevrrritrerrrrasoranacosonsananes 2

" Research Approach........ Caerens T KT T ETEE R R R R 2
Conc1u51ons ........... B LR LR TR TR R RERTE PR 3
CHAPTER 1.  INTRODUCTION....vvvuveevnneerennns e PP 8
~ Statement of the Problem........ccoevnnnn.. feeeeseees eeaen vees 7
Study Scope and Objectives.............. vesreenaaas Cereanean aeee 8
Grade Crossing Warning SystemsS...vuiiieiirnriierenrrsnoscancanans -8
" Direct Current (DC) Track CirCUuitS...vveeseeseeeseaness vee. 10
AC-DC Track Circuits (TyPE C)ueverrrrenenrsoscnssonnnncnsens 11
‘Audio Frequency Overlay Track Circuits (AFO)............ we. 13
'~ Motion Sensitive Track Circuits......... eesesrasseresranee 14
Constant Warning Time Track Circuits...............ooi..., 15
CHAPTER .2. USAGE OF CONSTANT NARNING TIME SYSTEMS ................... 18
“Estimate of CWT Usage.......covvivininennenn e -....;.;.., ..... 18 .
Analysis of FRA National Inventory..... e areans Ceeeeena 'f ..... 18
Information from Manufacturers,.... e rerererren s eraeaentan 19
Survey Results from Railroads and States...........ceev.e.. 27
Surveys of CWT USersS...eveervnnesees i eerereaaaaeaas } 27
" Surveys of CWT Nonusers...,...... heerseentaan Ceertranes 28
“Surveys of States......... eaes eraraas etereseartsanaas 29

Estimating Total Crossings That May Require CWT Capabilities.... 3l

Installation Criteria from Survey Results....... SRR 31
Discriminant Analysis....... feetesiatrsuarasetrs ettt bian 32
Developing the Discriminant Function........ e e 33
Results of Discriminant Analysis...ivverevnrnonenss vee 35
Estimate of Total Cross1ngs That May Requ1re CWT -
INStallationS .. vt eenennrennnronesornenenesssaseacesnns 37

Reliability of D1scr1m1nant Analysis ResuTts.....L... ...... 38

iii



"TABLE OF CONTENTS (Continued)

Page

CHAPTER 3. PERCEIVED PROBLEMS WITH CONSTANT WARNING TIME SYSTEMS.... 43
Summary bf_Perceived Problems ...oooniinniiiiiienenaens ceereas .. 43
Effect of Ballast RESTSLANCE. « e nrreeeeannnnns. ....,...;... 43

Component Reliability.iiiveriiiioniisneneneronssnsnsassnnnes 45
Maintenance Activity and Cost.................... easessens 47

Increased Installation Cost.......evvvnunnnnes eseerasenaes 48
Compatibility with Electrified Railroads....c.v.n... reenas 49
Bidirectional Versus Unidirectional Deployment............. 50

‘Survey Results from Railroads................enn eeaseranees 51

Countermeasures to Increase CWT App]icdhi]ity and Reliability... 54

Modifications for Improved CWT Device Deployment........... 54
Guidelines for Atypical CWT Device Deployments............. 55

CHAPTER 4. EFFECTIVENESS OF CONSTANT WARNING TIME SYSTEMS IN. . :
REDUCING ACCIDENT S, it ettt i et recneennsnonssnnsonens ... 59
Site Selectlon Criteria........ ST ........; ..... 59
Measure Of EXPOSUr . tietinetenerrerososanoeenasansoannsones 60
Results of Accident Analys1s .................................... 62
CHAPTER 5. COLLECTION AND ANALYSIS OF OPERATIONAL DATA......v.w. ver. 09
Se1ect1on of Measures of Effectiveness., ...veuunen. eierenseaie.. B9
Test Site Selection Procedure..... iy it riiernenosrrosnensnas 71
Field Data Collection Procedure...iciivivrsrsescscssscescnecnsnas 72
Analys1s of Operational Data...........ccevvn... ereeans i 72
Effect1veness of CWT in Providing Uniform Warn1ng Time..... 72

Effectiveness of CWT in Reduc1ng Warning Time Violation.... 74

CHAPTER 6. ALTERNATIVE SOLUTIONS TO THE USE OF CONSTANT WARNING
TIME SYSTEMS. e ieerteneeenerivnneennnnenns et 80

Nonhardware Alternatives Identified Through a Literature Review. 80

. Grade Separation.....cievevinnns et eresrsaes reeenes veeas. 80
Motorist Education...........iciviienens Seesssncrsenesene .. 82

iv



TABLE OF CONTENTS (Continued)

_ " Page

Nonhardware Alternatives Ident1f1ed Through Meet1ngs w1th
Railroad Personnel....cveeeeeess R A 82
. Uniform'Train SPEEAS . c ittt tstiiteetattaceataaitttactnannnn 82
Decrease in and Shifting Time of Switching Operations...,.. 89
Grade Separation.......veseeiesvonennrsnnsneons earraeenan 90
Relocation and Reconf1gurat1on of Ra11road Yards Terieaaana 90
Close or Relocate the Crossing......vvvenvnernecnnennnnn, 91
Alternatives Identified Through Railroad Surveys........... 91
CHAPTER 7. CONCLUSIONS......... bt e e e e 93
CHAPTER 8. REFERENCES.......eovvivnieiiniiiiinniianens v veees 96



10.
11,
12.

13.
14,

15.

16.
17.

18.

LIST OF FIGURES

vi

. Page
- Flowchart of project tasks.;., ............. crereresreeaea 9
DC track CHrCuit...veeeesvsevvninnnnnnns e heennes R [t
Three-trde C'if‘CU'it SyStem ------ trPLE LB LI 40 00 s o0 e 11
Track circuits with t1m1ng SECEION. v eernnnnnn, U
AC-DC track circuit (type O Cereraeeas P ¥
- Audio frequency overlay track circuit............cc0vnen ceve. 13

Motion sensitive track circuit (b1d1rect1ona1 app11cat1on) 14
Constant warn1ng time track circuit,...... treesieaseniraennns 15
Unidirectional application of constant warning time track
Circu‘it:.lOIQQO..0,0ll..i.blill‘..-.c.’ ......... LI I N N SR N B R ) 16
Bidirectional application of constant warning time track
circuit,........ ceetrereesnreraa . &
Summary of survey responses from railroads 1dent1f1ed as :
users of constant warning time systems...............coilnl. 28
Summary of survey responses from railroads identified as non-
users of constant warning time systems...........c.ovvvenves 300
Representation of perceived to actual train distance......... 45
Summary of survey responses pertaining to perceived problems
received from railroads identified as users of constant
warning-time SystemS. . ..vivinrennnnanns creeaes st rarreraacaan 52
Summarj of survey responses pertaining to perceived problems
received from railroads identified as nonusers of constant
warn1ng t1me systems....... eaen cereeens oo crererenens veo B3
F]owchart of site selection and verification pfocess used for
accident analysis.. R Certreesannas teessnaeness Bl

' Causal ‘chain for the reduct1on of vehicle-train acc1dents by
installing CWT Systems. .vveirneiiniereerecenerorannes Cerasaes 70
Best fit linear approximations and the resultant slopes for

each crossing type on speed groups and mean warning time..... 75



LIST OF FIGURES

Figure = , S o - Page

19. Estimated effectiveness and cost of typical grade crossing
' Warning SystemsS. . iveererecncereeerionenenns, Cereean P - ) |
20.  Nonhardware alternatives to the installation of constant -
- wWarning time devices....veesceeererornrensrosnosrsennncnnss .. 83
21. Summary of survey responses pertaining to constant warning
time alternatives received from railroads identified as
users of constant warning time systems........ccevvveenss veen 92
22. Summary of survey responses pertaining to constant warning

time alternatives received from railroads identified:as
nonusers of constant warning time systems....ivvvveveceenness 92

vii



" Table

LIST OF TABLES

Page
Cross1ngs identified from the national inventory as being
equipped with CWT......... cererereeane ceens Ceseas ettt et 19
-Summary of the verification results for type of train detec-
tion deViCE|ov-oo-|lo|-a-oo-l ----- [ R N R R R I I I BC LR N B BB I N R R IR 20

Purchase of constant warning time devices from one manufacturer, 22

Est1mates of CWT units purchased and est1mated crosswngs
equipped with CWT devicesS.iiiearerivrnererennnnes tirseareen e 24

Estimates of CWT units sold and Verified Cleerossings in
Michigan, Ohio, Indiana, and I1linois........ feeresersrarerieaas 25

. Chi- square test of independence for physical and operational

characteristics between CWT crossings identified by manu-

facturers' Tist and national 1nventory.., ....................... 26
7. Summary of discriminant analysis................ e ereeereraaas 36
8. Results of discriminant ana]ys1s on pub]1c crossings with
act ive warn1ng devices............ A reeeeas "~ 38
9. ,Ko]mogonov-5m1rnov test on maximum speed between verified :
crosssings with and without CWT deviceS...i.vvviiiinnineivininas . 40
10. Kolmogonov-Smirnov test on total trains between verified
| crossings with and without CWT devices.......... et ierarienerans 40
11. Kolmogonov-Smirnov test on number of tracks between ver1f1ed
- crossings with and without CWT devices........... i rerareaeans wea 41
12. Kolmogonov-Smirnov test on switching ratio between verified
‘ crossings with and without CWT devices.....ccevvieneen. reseaaan 41
13. Averagelinsta11atjoh costs for motorist warning devices by
‘ train detection system and number of tracks ($1,000)............ 49
14. Summary of 1nhib{§1ng factors and applicable countermeasures .
to the use of constant warning time systems...............c.0ns. 57
'15. Number of crossings with verified types of warning and track
circuitry devices used for accident analysis........... eareesans 60
16. Summary of "accident types for years 1980 to 1984....... errenens 63
17.

Sumimary of accident character1st1cs,represented as frequencies.. 63 '

viii



Table

18,
19,

20.

21.

22.
23,
24,
25,

 26.

27.

28.

29.
30.

31.

4
s

LIST OF TABLES

Results of Mann-Whitney U-test on the accident rate§ (acci-
dents per billion vehicle- trains) for physical and operational

characteristics of the Crossing..v.Vuveeeeveeiseeenneeeneennss '

Re]at1onsh1p of measures of effectiveness to ana]ys1s
0] = To0 o £ - Gl et eeten e

Maximum, minimum, and standard deviation of train velocities
(mi/h) observed by type of crossing {1 mi/h = 1.6 km/h).......

ANOVA on the mean warning time (seconds) per train velocity

group (mi/h) for different crossing types............coevvenen

Scheffe contrast test on the effect of crossing type on mean

. warning time (seconds)......................................,.

Observed violations of the activated warning device cate-
gorized by total warning time for different crossing types....

Observed violation of the activated warning device and
cumulative proportions categorized by time until train
arrival for different crossing types..evviieriniiinnonnnnanns

Kolmogorov-Smirnov test on the number of violations occurring
within categories of advance warning time (seconds) for
crossings equipped with gates......cccevnant Ceresenen veeesene

KoTmogorov-Smirnov test on the number of violations occurring

within categories of advance warning time (seconds) for
crossings equipped with flashing Tights............ Ceersaenens

ix

Page

Summary of accident fréquency categorized by physical and
operational characteristics present at time of accidents...... 64
Five year total 5ccident exposure factor (bi]]ion‘vehicle-

trains) and number of crossings in each category.............. 65
Summary of the number of crossings and the five year

exposure (billion vehicle-trains) for selected physical and
operational c¢rossing characteristics...ieirriieriiinnennnnnns. 65
Results of Mann-Whitney U-test on the accident rates

(accidents per billion vehicle-trains} for accident type......
Results of Mann-Whitney U-test on the accident rates

(accidents per billion vehicle- tra1ns) for characteristics of

the accident ... it iiiiiiiiiiiiiieivieennncnacansansessansessen 67

70



Table

32,

33.

LIST OF TABLES

Kolmogorov-Smirnov test on time (seconds) from vehicle viola-

“tion until train arrival for crossings equipped with gates..., 79

Kolmogorov-Smirnov test on time (éeconds) from vehicle viola-
tion until train arrival for cr0551ngs equipped with flashing
1]ght5l!l.. nnnnnnnnnnnnnnnnnnn K B B #0280 & A b as b b LI IR A B I Y ) 79



EXECUTIVE SUMMARY

Introduction

The ability to commard the respect of motorists is a key factor in es-
tablishing the effectiveness of traffic control devices. ‘A gehuine need,
prober device placement, and consistent operation are all important in ob-
taining and retaining motorist respect. Failure to consider these factors

leads to motorist qontempt, disregard for traffic controls, and potentia11y
to accidents.

Train-activated traffic controls at railroad-highway grade ‘crossings
are particularly susceptible to the loss of motorists' respect. | This is‘
primarily due to variations in warning time and the need for fail-safe
design., The majbrity of train-activated devices now in use are based on
track circuits and control logic initita11y developed approx{mately 100
years- ago. These systems, unless configured with overriding capabilities,
provide continuous operation of the crossing warning system while a train

is on the approach. Trains travelling slower than the design speed or

stopping on the approach 1ength_¥esuTt in prolonged activation of the rail-
road-highway warning system.

4when the inappropriate activation becomes a common occurrence, motor-
ists tend to disregard the wérning and drive through or around the protec-
tive devices, thereby increasing the probability of vehicle-train colli-
sions.[l] The potential consequences associated with excessively long

warning times resulted in the development of a constant warning time track
circuit and control logic system.

The constant warning time (CNT)'system, developed during the 1960's,
differs from other systems in that it is capable of detecting train speed
“in- addition to train presence, motion, diréction, and distance from the
‘crossing. The ability to measure train speed and distance from the crossing
‘enables a continuous update on the actual arrival time. When the estimated
arrival time achieves a prese1ec£ed minimum, such as 20 seconds, the warn-

ing disb]ays at the crossing are activated. Trains that enter.the approéch



section and subsequently stop or reverse direction without reaching the
roadway croesing are 1nterpreted by the control '1ogic as not requiring
activation of the crossing warning system. Motorists are not, therefore,
, subjected'to 1ohg delays due to slow or stopped trains and can exhect the.
arrival of a train within a uniform and reasonab]e length of t1me fo110w1ng
the initiation of the crossing controls.

Where the speed of different trains on a given track vary considerably
under normal operating conditiqns, the Manual on Uniform Traffic Control
Devices (MUTCD) recommends that special devices or circuits befinsta]1ed to
provide reasonably uniform notice in advance of all train movements over
the crossing. (3] CWT systems are currentiy the most desirable type of
train detection track circuitry for locations where f1uctuat1ons in train
"~ speeds result in warning time variation.

Study Scope and Objectives

~The specific objectives of the study were:

¢ To determine the use and effectiveness of CWT systems by examining
ava11ab1e aCC1dent and inventory data

¢ To determine the economic, operational and maintenance reasons
which 1imit the use of CWT systems,

¢ To determine the effectiveness of CWT systems by examining driver
behavior at similar crossings with and without CWT devices.

e To identify and evaluate alternative nonhardware solutions to pro-
~ vide a uniform advance warning time at crossings.

Research Approach

The research approach was. structured to use information from the Fed-
era1 Ra1]road Administration (FRA), individual States, railroad operating
author1tjes, equipment manufacturers and operational data collected by the
project team to perform the following activities:

e Determination of CWT usage: Information from railroads and manu-

Tacturers were used o determine the major users of CWT systems -

and to estimate the number of crossings nationwide with CWT in-

(4



stallations. Discriminant analysis techniques were used to
determine the primary physical and operational crossing charac-
teristics which are prevalent at locations that have CWT instal-
lations. These characteristics were used to estimate the number
of crossings, nationwide, whose physical and operational charac-
teristics indicate a need for CWT systems.

e Perceived problems with CWT use: A literature review and surveys
forwarded to both users and nonusers of CWT systems were used to
determine the perceived problems with CWT deployment and use.
These problems were investigated to determine if they were pre-
sent with current CWT systems or 1nd1cat1ve of earlier generation
models. : -

e CWT effectiveness: The effectiveness of CWT systems in reducing
accidents and hazardous dr1v1ng behavior, and in providing a uni-
form amount of advance warning time, were determined. This in-
volved data extraction and statistical anmalysis of information
obtained from railroads, individual States, FRA, and operational
data collected at railroad crossings. :

e Alternative solutions to CWT deployment: A meeting was conducted
with representatives of the railroads to determine the availabil-

ity and feasibility of alternative nonhardware solutions to the

installations of CWT systems.

Conclusions
Project activities resulted in the following conclusions:

.8 No quantitative guidelines, established by either the States or
railroads, could be identified that would help prescribe when CWT
systems should be installed. Considerations that are involved
in determining the need for CWT installations include switching
activity, AADT, maximum speed, and train speed variation. What
limits are necessary on each or on any combinations of -these
variables to justify installation 1is apparently judgmental and
exerted on a crossing-by-crassing basis. ‘

e Some States have recommendations on the maximum amount of warning
time which is permissible from device activation until train
arrival., These maximum time recommendations vary from State to
State with noted examples being 35, 40, and 60 seconds. This -
repr$sents tra1n speed ratios of 1.75: 1 2:1, and 3:1, respec-
tively

e The verification process and subsequent statistical tests indi-
cated that  the FRA inventory was not accurate in identifying
Tocations with CWT installations. The primary reasons for this



discrepancy are the difficulty 'in distinguishing between motion
sensors and CWT systems and upgrades to the crossing equ1pment
that were not posted to the 1nventory.

Some of the factors inhibiting the installation of CWT systems
are based on perceptions of cost, dependability, and compatibil-
ity formed from problems with ear]y CWT models. Many of these
problems have been resolved and.are not more prevalent in current
CRT models than in other train detection and contro1 logic sys-
tems.

CWT éystems are effective in providing a uniform warning time and
in reducing motorist violations of the activated warning devices
at the crossing.

The .comparative analysis of vehicle-train accidents occurring
from 1980 through 1984 indicated that crossings with CWT systems -
have a lower accident rate than crossings without CWT. This dif-
ference was not, however, large enough to be statistically signi-
ficant at the 95 percent confidence level,

Estimates based on information supplied by manufacturers indicate

‘that there are approximately 6,300 crossings, nationwide, cur-
rently equipped with CWT systems The actual number of crossings
with CWT capabilities could, however, be higher due to the use of
timed circuits by some railroads. : -

" Results of the discriminant analysis indicates that 19,400 cross-
ings may require CWT capabilities. Applying this estimate in
conjunction with an estimated 6,300 crossings already having CWT -
capability indicates that an additional 13,100 crossings may re-
quire CWT systems. Descriminant analysis was performed on groups
of crossings with verified train detection and control Tlogic
systems. The accuracy of the decriminant function was not, there-
- fore, dependent upon the accuracy of the national inventory in
specifying crossings with and without CWT systems. The accuracy
of the number of crossings that may require CWT systems is, how-
ever, based on the primary assumptions that: 1) the national
inventory is accurate with regard to physical and operational
characteristics, 2) CWT systems are compatible with the environ-
ment. at each crossing, 3) alternative countermeasures are not
feasible, 4) the physical and operational conditions currently
represented in the national inventory were present when the CWT
systems were installed, and 5) there are no crossings currently
with passive warning devices which require active devices in-
stalled in conjunction with CWT systems, The use of discriminant
analysis to determine the magnitude of CWT need on a national
basis was considered as the most advantageous approach. The
relatively large number of necessary assumptions, however, indi-
-.cates that the resultant estimate should be used with caution.



The characteristics of the independent variables used in the dis-
criminant function exhibit significant operational differences
between the -group of crossings with and without CWT systems, This
indicates that while specific installatijon criteria in use by the
railroads could not be ‘identified, operational abnormalities do
exist which prompt the use of CWT systems. A -

The modular design and self- diagnostic capabilities of modern CWT
systems reduces the maintenance expertise former]y requtred by
purchasers of CWT systems

Operational and phys1ca1 crossing characteristics can combine to.
complicate the proper installation and operation of CWT systems.
Often these factnrs can become so convoluted that assistance from
signal engineers with CWT experience must be obtained. There are
.virtually no instances, however, where the combination of in-

hibiting factors cannot be addressed by appropriate countermea-
sures.

The reliability of ch systems and the mean time between fa11ure
has increased dramatically with the newer models.

Some railroads combine a series of fixed-distance and motion sen-
sing systems with time-out circuits to prov1de a quas1-constant
warning time system,

Railroad personnel indicated that the most prevalent problems
with CWT systems are low ballast resistance and component damage

due to electrical storms. These problems are, however, common to
all track circuit systems. ' : "

The nonhardware alternative to the installation of CWT systems
that was most attractive to railroad personnel was the closure or
‘relocation of the crossing.



CHAPTER 1. INTRODUCTION

_ The ability to command the respect of motorists is.a key factor in
estab]1sh1ng the effectiveness of traffic control devices. A genuine need,
proper device p1acement, and con51stent operation are all important in ob-.
ta1n1ng and retaining motorist respect. Failure to consider these factors

leads to motorist contempt disregard for traffic controls, and potentially
to accidents.

l Train-activated traffic controls at railroad-highway grade crossings

are particu1ar1yrsusceptib1e to the loss of motorists' respect. This is-
primarily due to variations in warning time and the need for fail-safe
design. The majority of train-aetivated devices now in use are based on
track circuits;and control Tlogic inititally developed approximately 100
years ago. This systeﬁ is based on an approach track circuit length de-
signed to provide'a preselected warning time for the fastest train. The
use of island circuits permits the system to determine train direction and

cease signal operation after the train has passed the crossing., Such a
system, ‘unless configured with overriding capabilities, provides continuous

detection while a train is on the approach. Trains traveling slower than’
the design speed or stopping on .the approach length result in proTonged
activation of the railroad- h1ghway warn1ng system

- The fail-safe design is required because the crossing warning devices
are active in the presence of a train and unactivated at all other times,
The absence of the flashing lights is intended to indicate to the motorist
that it is safe to proceed. This reqdires that the‘warning system be proQ
vided with standby power in case of a commercial power fa11ure, and that
the system revert to the active mode if failure of an element or component
of the system, inc1uding the rails, occurs. Prolonged and fail-safe acti-
vation have resulted in motorists often disregarding the warning and dr1v-,

“ing through or around the warning devices. [1] Accident statistics in-
dicate that over 49 percent of all train-involved accidents and 45 percent

of cross1ng fatalities occur at locations with some form of act ive warn-
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The potential consequences associated With‘excessively long warning
times resuited in the development of a constant warning time (CWT) track
circuit and control. Tlogic system. The CWT éystem, developed during  the
1960's, differs from other systems in that it is,capab]elof aetetting train
'speed in addition to train motion, direction, and distance from the crosé-j
ing. The ability to measure train speed and distance from the crossing
‘enables a cont inuous update on the actual arrival time, When the esfimated
arrival time achieves a preselected minimum, such as 20 seconds, the warn-
ing displays at the crossing are activated. Trains that enter the approach'
section and subsequently stop‘br reverse direction without reéching the
roadway crossing are interpreted by the control logic as not requiring
activation of the crossing warning system. Motorists are not, therefore,
subjected to long delays due to slow or stopped trains and can expect the
arrival of a train within a uniform and reasonab]e length of time following
the initfation of the cross1ng controls,

Statement of the Problem

Where the speed of different'trains on a giVen track vary considerably
under normal operating conditions, the Manual on Uniform Traffic Control
Devices (MUTCD) recommends that'specia1 devices or circuits be installed to
‘provide reasonably uniform notice in advance of all tfain movements over
the crossing.[a] CWT systems are currently the most desirable type of
train detection track circuitry where fluctuations in train Speed resu]t-in
warning time variation. The number of crossings equipped with CWT systems
is, however, relatively small. —

A number df reasons have. been postulated for the relatively infrequent
use of CWT systems. Included in these reasons are the perceived high
associated costs, dependability, compatibility with other track circuit

systems, and the absence of definite warranting criteria.[1’4’5] The
extent to which these reasons are applicable to, and influence the instal-
Tation of current CWT models was unknown. In addition, it was also unknownw
if CWT systems were effective in reducing train-involved accidents.



Study Scope and Objectives

The activitee of this study necessitated the use of information avail-
able from the Federal Railroad Administration (FRA), individual States,
railroad operating authorities, equipment manufacturers, and the collection
of field data. ~The specific objectives of the study were'

e To determ1ne ‘the use and effect1veness of CWT systems by exam1n1ng
available accident and inventory data.

e To determine. the economic, operat10na1, and maintenance reasons for
the limited use of CWT systems.

o To determine the effectiveness of CWT systems by examining dfiyer
behavior at similar crossings with and without CWT systems.

. To identify and evaluate,a]ternative nonhardware solutions to pro-
vide a‘uniform advance. warning time at crossings.

The 1nd1v1dua1 tasks performed and their sequence of performance are
presented in f1gure 1.

Grade Crossing Warning Systems

The grade crossing'warning‘sjstem consists of two basic parts: 1) the
warning equipment, and 2) the control equipment. The warning equipment
consists of those items that provide the visual and>audib1e warning to the

‘roadway traffic. These items include flashing lights, gates, highway sig- -

nals, bells, and cantilevered 1ights.. The control equipment are those com-
ponents which control the operation of the visible and audible devices.

The control equipment consists of two primary subsystems: 1) train
detection, and 2) control logic. The control logic contains all of the
equipment to interpret the train detection 1nforma£ion and operate the
warnlng system - This inc1udes the capébi]ity to recognize when the system
should revert to the fa11 -safe mode; the presence of a train; and in some-
instances, its-motion, direction, and speed, ' '

A1l train detection systems currently in use use the track circuit to
provide the_contro] iogic with information pertaining to the'preSence of a
train. There'are five basic types of track circuits which are used for
train detection at rail-highway intersections.
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TASK A

Usage of -CWT Devices

Subtask 1A: Develop estimates of
the use and the need for CWT.

Subtask 2A: Identify major users
and nonusers of CWT and their cri-

teria for use.

TASK B

Problems with CWT Devices

~Subtask 1B: Determine reasons for
nonuse of CWT. '

Subtask 28: Identify site condi-
tions which limit the use of CWT.

-

TASK C

Effectiveness of CWT Devices

Subtask 1C: Develop estimates of
CWT effectiveness hased on accident
data.

- Subtask 2C: Develop estimates of
CWT effectiveness based on opera-
tional studies. '

Y

TASK D

Alternative Solutions

Identify and evaluate alternative
solutions, costs, and probability

of success.

TASK E

Analysis of CWT Devices

Analyze data from previous tasks,
develop conclusions, and document.

Figure 1. Flowchart of project tasks.
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Direct Current (DC) Track Circuits:

The DC track circdit,‘presented in ?1gure 2, is basically the same
method developed approximately 100vyears‘agu for automatic train detection.
It is a relat1ve]y simple circuit that is still used in many cr0551ng warn-
ing systems The rails are used to .complete a simple series circuit.
‘Energy is supp11ed by a battery, through a limiting resistor, to one rail,
- then through another limiting resistor to .a DC relay and back over the
other rail to the battery. The relay is constantly energized as 10ng as
the c1rcu1t is intact and no train is present between the battery and the
relay. The presence of a train acts as a shunt, short1ng out the current
to the relay, causing it to de-energize and activate the warning devices.
The 1ength of the circuit is determ1ned by placing insulated Jo1nts between
rail sections to electrically separate them.

Insulated

joints
_J' i
|

T

Figure 2. OC track cirCuif.E§]

Three-track c1rcu1ts, as presented in f1gure 3 and associated logic
elements can be used to stop the operation of the warning system as soon as
a train clears the crossing. This prevents the need to wait until the rear
of the tra1n comp]ete]y c1ears the c1rcu1t and reduces roadway veh1c1e
delay.
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Island section

Insulated joints

\ / o ,7
[ _ . ) — — —
1 : t I 1
1 [ L. i |
 w— 1 1 —

a 0 0
Housing | }

Figure 3. Three-track circuit system,[6]

The warning system is activated as soon as trains enter -an approach
track circuit. To insure that a minimum warning time is available, it is '
necessary to design the system on the speed of the fastest train. Conse-
quently, trains that travel at a slower speed than the design speed or that
'change speed or stop within the approach circuit will activate the warning
- system for a longer period of time..

This prob1em can be alleviated by dividing the approach circuit into
several smaller circuits and incorporating timers as presented in figure 4,
The systém is configured so that the first‘apbroach circuit ﬁs a pretimed
circuit. Faster trains start the‘warning sttem when the second -track cir-
cuit is occupied and slower trains initiate operation in the third circuit.
A time-out feature is used to clear the crossing for highway traffic if a
thain stops on ‘the approach.

AC-DC Track Circuits (Type C)

The AC-DC track circuit, commonly referred to as “type C", is used ex-
tensively where rails are rusty and where approach distances are less than
1,500 feet (450 m). This circuit, presented in figure 5, is a half-wave
rectified circuit. Insulated joints define the circuit Tength with a rec-
tifier connected across the rails at the far end of the track circuit. This
circuit has the advantage of permitting the location of -all of fhe operat-
ing equipment at the crossing. ' |
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Island
section -
Insulated joints

A N 2~

West approacﬁ : ' East approach
+ section ' section
p—t—t— p———————
- /K
a o o 0 o o n
. , Housing

Fiqure 4. Track circuits with timing sections.l®]

s e — -+ 4
7 1 ' w{ —
/[7 4 ' _ Track  Insulated
o rectifier joints
Q=
| j | Adjusting
resistor
~ Current
| limiting
resistor
‘ + —_ -
—~sset  Track . , | * DC.track relay
fijrvi4i transformer ‘ coil
AC source ‘ ' | '

Figure 5. AC-DC track circuit (type c).[6]
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The AC-DC track circuit operates by passing a major portiOn of_the
transformer secondafy_carrent flow through the rectifier during one-half-
cycle. The remaining half-cycle current.creates a net OC component in the
track circuit relay. A train present on the rails reduces the réi]'vo]tage
and prevents the AC current from being rectified. A tow DC vo1tage is,
‘therefore, present at the DC track relay cauéing it to release.

Audio Freguency OverTay‘Track Circuits (AFO)

The AFO track circuit can be superimposed over other track circuits
and is similar in operation to the DC track circuits. The AFO circuit,
presented in figdre 6, uses a transmitter and receiver ofrthe same frequen-
cy instead of the battery and relay used in the DC circuit.

7

AFQ receiver : . : . " AF0 transmitter

Figuré 6. Audio frequency overlay track circuit;téj

The AFO track circuit transmits an AC sfnewave‘via the rails to a
receiver at. the opposité end of the track approach. The recéiver changes
the AC current to DC to operate a relay which operates the warning devices
using control logic which is similar to the DC track circuit. No ihsuTated
joints are required for the AFO circuit. '
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Motion Sensitive Track Circuits

This type of circuit, presented in figure 7, uses audiO‘frequencieé
similar to the AFQ equipment. The motion sensitive circuit can, however,
detect the motion and direction of, trains on the approach. This is ac-
complished by continuously monitoring the track circuit impedance to the
fjow of current. The impedance of the cfrcuit remains relatively constant
wﬁen no. train is within the appfoach. As a train is moving toward the
"crossing, the track circuit impedance decreases. If a train stops on the
approach, the impedance will remain relatively éonstant. When a‘train is
departing from the crossing, the impedance will increase. The control
Togic recognizes when-a train is stopped (ndt blocking the crossing), or
moving away. This causes the warning system to be deactivated, reducing
the'de]ay to roadwéy vehicles, This type of circuit is advantageous,
therefore, where trains either stop frequently, or perform switching
operations within the normal approach limits of a crossing. '

IsTand section |
N

o ) O

BB : T

Terminating , . '~ Terminating
shunt ' : shunt

Mot ion sensing
device

Ef] Housing

Figure 7. Motion sensitive track circuit (bidirectiona1~app1ication).[6]
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" The motion sensitive track circuit has the advantage of locating all
of the power equipment at the crossing and not requiring the use of insul-
ated joints in a bidirectional application. Tuned electrical shunts are
required to define the circuit ‘1imits. Circuits of adjacent crossings can
be overlaid and over1apped with other train detection c1rcu1ts.

A unidirectional application can be used if ballast or track condi-

tions preclude a bidirectional application. The unidirectional applica-

\fion, presented in figure 8, requires. a separate device for Each'épprdach
zone with activated rail joints separating the two_syétems.

_Island section

Insulated joints
A Al o o
RS . ' ||

7 —

1 o
. . d 1 .
Terminating shunt , d A : Termznat1ng shunt

_22] Mot ion sensing
Housing[f] ,

devices (2)

Figure 8. Unidirectiona1'app1f jtion of motion sensitive track
‘ circuit.

Constant Warning Time Track Circuits

Constant warning time track cjftuits have the capabi]ity of detecting
train presence and measuring its épeed and distance from the crossing. The
control logic uses this information to provide a preset and uniform amount
of warning time prior to train arrival. Constant warning time systems
permit trains to move or switch on the approaches, and depending upon
their speed, do not cause the warn1ng system to be activated if the train
never reaches the crossing. The uniform warning time reduces vehicular
delay and provides drivers with a consistent expectation of train arrival
time.
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Constant warning time systems can be installed in either -a unidirec- -
tional or bidirectional mode. The unidirectional application, presented_
in figure 9, 'requ1res a separate device to monitor each approach. The
approach zones are separated by insulated rail joints with a terminating
shunt placed at the outermost end of each zone, The unidirectional appli-
cation is advantageous where there are closely following train moves or
where a numbek of competing frequencies exist. Unidirectional applica-
tions. are also appropriate where it is not possible, due_to other rail
uses, to bypass the insulated joints. S '

[sland section
/

\ .

11‘ T U

Termfnating shunt i< ' - 7 Terminating shunt

"~ Constant warning time devices (2)

Housing

Figure 9. ”Uniqirectional app11cat1on of constant warning time track
' circuit. (6l

A bidirect ional application 6f the constant warning time devices is
presented in figure 10. This appTicatidn permits one unit to monitor both
approach zones and does not require insulated rail joints. The end of the
‘approach zones is established by the placement of terminating shunts.
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Island section

D A

> - —o— — —o-
| - r/ \ N Terminating shunt
Housing El Constant- warning

time device

Figure 10.. Bidirectional app]‘ication‘of“ constant warning time track
circuit.[6] '
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CHAPTER 2. USAGE OF CONSTANT WARNING TIME SYSTEMS

Estimate of CWT Usage

 An estimate of the extent of CWT usage was required to enable: 1) an
. 1dent1f1cat10n of railroads which are both major users and nonusers, 2} t

determine the ex1stence of CWT 1nsta11at1on criteria, and 3) to est1mate
the number of cross1ngs nationwide that should have CWT systems. Deter-
mihing the major users of CWT devices wasgaccomplishéd by-analyzing the
FRA national ﬁnventory and by bbtajning information from manufacturers.

Analys1s of FRA National Inventory

The FRA nat1ona1 inventory contains an entry regarding the presence -
of CWT systems. This entry asks the guestion, "Do crossing signals pro-
vide speed selection for trains?® A "yes" response indicates that CWT
systems are present’ét‘the crossing. The national inventory was searched
to ascertain: 1) the numbér of nationwide c¢rossings with CWT systans, 2)
. the‘physical'and operational characteriétics of each'crossing;'and 3) the
major users.

This search resulted in a number of crossings that were coded as hav-
"ing both CWT capabilities and passive warning devices. Thésé entries are
a contradiction. If train detectjon circuitry is present at a crossing,
* then there must be active devices present, This contradiction was resolved
by searching the inventory to locate only those crossings which were pub-
‘lic and noted as having constant warn1ng time capab111t1es in congunctwon
with active warning dev1ces

This process indicated that there were 6,337 crossings equipped with
CWT systems stratified as shown in table 1. Information pertaining’to the
crossing inventory number, operating railroad, intersecting roadway,
State, city, county, and nearest timetable station were then obtained from
a random sample of these crossings. ‘Te1ephone contacts were established
with fhg operating railroads to verify that the crossings were actually
equipped with CWT systems. | |
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Table 1. Cross1ngs identified from the national 1nventory as
being equ1pped with CWT.

Highest Protection Class Frequency Percent of Total
Flashing L19hts ' 2,473 . 39.0
Gates 3,781 . 59.7
Highway Signals ' 83 1.3
Total 6,337 100.0

Results of the verification process on the random sample indicated
that a large proportion of crossings identified as having CWT devices by
the national inventory actually did not have such devices. Conversations
with railroad representatives revealed that they were aware of these inac-
curacies. The railroad representatives indicated that the inaccuracies
resulted from the inherent difficulty in discerning the difference between.
motion-sensing devices and devices equipped with cbnstaﬁt warhing time
capability. In addition, upgrades to CWT devices were not a]ways posted
to the national inventory.

As‘part of the verification process, which was required for the acci- -
dent ana]ysis,'information was requested on 201 crossings from 20 dif-
ferent railroads. Since the primary purpose of obtaining this information
was to analyze accidents, both crossings with and without CWT devices were
used. The ‘railroads were requested to verify in a survey the presenée of
CWT devices, the date of installation, and train volumes. Results of the
retdrned surveys are presented  in table 2. This table indicates that
42 percent (20/48*100) of the croééings coded as having CWT capabilities
were coded incorrectly.

Information from Manufacturers

. The accuracy problems  identified in uéing the national _ihventory;
prompted queries to the manufacturers of CWT systems, Safetran Systems
'aqd SAB Harmon were identified as the only manufacturers currently engaged
in.the manufacture of CWT systems. These manufacturers were contacted and
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Table 2. Summary of the verification results for type of train
detection device. '

Respondiﬁg Crggg?lgs Coded No  Coded No Coded CWT Coded CWT
Railroad | Requested | Actual No Actual CWT Actual CWT Actual No
1 | 15 9 - - 3
2 5 3 - -

3 |1 - - 1 .

4 | 22 7 - 7 5
5 | o4 8 - 3 5
6 16 6 - 9 1
7 19 3 3 7 5
8 . 4 ; ; }

9 5 | 3 1 1 -

- Total 11 43 , 4 8 - 20

requested to provide information on the number and mode] of the devices
sold, the year purchased and, if possible, the purchaser and location of
the installation. ' |

Safetran Sysfems agreed to provide information. Representatives from
Safetran forwarded the requestéd information but stated that ﬁdentifying
the individual locations for which the systems were purchased was diffi-
cult since the railroads often purchase the units in quantity, either pro-
~viding just one or no. location of installation. [t was not possible,
therefore, for Safetran to positively 1dentify'a11 locations ‘of CWT in-’
stallation. In"addition, providing information on the possible -installa-
‘tion locations required a time-consuming, manual file search. The large
amount of'time ﬁgquired, plus the questionable accuracy of the information,
resulted in locational information 'being provided for only the States
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of Michigan, Ohio, Illinois, and Indiana. Locational information was ob-
tained for these States since it was planned that crossings from this area
would be used in the collection of traffic conflict and operationa1 data.

According to the Safetran files (summarized in table 3), a total of
12,113 CWT units were sold in the United States.’ A1l of these units were
believed to be purchased as Grade Crossing Protectors (GCP), >which is
Safetran's product name for constant warning time devices. The poséibi]ity
does exist, howevér, that some of the Mode! 600 devices were,purchased as
motion éensors_ only, This is especially true with one railroad which
purchased the Model 600 unit both with and without constant warning time
capabilities. This railroad purchased 2,307 Model 600 units, of which
75 percent (1,730) were estimated by_Safetrah as having CWT capabilities.
Estimating the number bf crossings with CWT from sales data, required con-
sideration of the following: 1) unidirectional or bidirectional deploy-
ment, 2) the number of units sold as replacements or for future installa-
“tion, 3) units sold by manufacturers other than Safetran, and 4) the num-
ber of crossings with more than one set of tracks in need of CWT capabili-
ties. '

Bidirect ional instal lations require only one unit per'track per de-
ployment. Unidirectional installations require two units per installation;
one for each approach, if both approach directioné require constant warn-
ing time capabiiities. Information was not available on the number of
units that were purchased with bidirect ional capabilities., Attempts to
estimate the number of units with bidirectiona] capabilities required an
assessment of the CWT model, in addition to the physical and‘operational
characteristics of'each crossing. For example, in.urban areas the pfoxi-
mity of adjacent streets often places crossings within the approaéh cir-
cuitry of each other. The overlapping approaches require'that a different
frequency be used for each crossing. However, in heavily congested areas
where several streets are b]oée together, bidirectional applications must
occasiona11y be broken up with a unidirectional installation. The proper
choice of either a bidirectional or unidirectional CWT device is, there-
fore, site specific and -cannot be estimated 'by information from the

- national inventory or the individual manufacturer.
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Table 3. Purchase of constant warning time devices
: from one manufacturer.

Railroad -

Designation CWT Purchases Percent of Total
1 634 5.23
2 o2l 0.17
k| k] 0.02
4 5 0.04
5 3,085 25.47
6 74 - © 0.61
7 2 0.02 .
8 69 0.57 -
9 64 0.53

10 85 0.70
11 375 3.10
12 12 0.10
13 .25 0.21
14 6 0.05
15 4 0.03
16 41 0.34
17 2 0.02
18 14 0.12
19 49 0.40
20 34 0.28
21 ] 0.07
22 33 0.27
23 2 0.02
24 5 0.04
25 263 2.17
26 99 0.82
27 40 0.33
28 8* 0.07
29 2 0.02
30 67 0.55
31 ‘5 0.04
32 16 0.13
33 66 0.54
34 8 0.07
35 227 1.87 .
36 4 0.03
37 16 0.13
38 17 0.14
39 134 1.11
40 57 0.47
al 1 0.01
42 . 4 . 0.03
43 1 5,544 45.77
34 4 0.03
45 2 0.02
46 2 © 0.02
47 g 0.07
48 2 0.02
49 862 7.12
50 1 0.01

* Known as currently out of service.
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The purchase of a CWT unit does not necessarily imply that a new
crossing is equipped with CWT capabilities since new units may have been
purchased as replacements for older models, In addition, there may be
instances where a number of units would be required at multiple track
crossings where more than one set of tracks require CWT capabilities.

Since only Safetran was willing to provide information on the number
of units pur;hased, the number of systems supplied by other manufacturers
was estimated. Since Safetran was the only major supplier.of CWT systems

unti] approximately 1981, it was estimated that only 500 units were sup-
plied by other manufacturers.

The number of crossings equipped with CWT systems was assumed to be
50 percent of the total units purchased. This was assumed because:

o The availability of bidirectional CWT units is relatively recent.
Due to application restrictions, the majority of CWT installations
have been unidirectional.. Only the most recent models have the
option of built-in bidirectional capabilities.

¢ An assumpt1on that every CWT purchase was for a new 1nsta11at1on,‘
would result in over estimdating the number of crossings with CWT
-capabilities. A number of the units purchased may have been re-
placement units for existing installations. There 1is, however, no.
way to accurately estimate the number of rep]acement installa-
tions.

- & A number of crossings consist of multiple tracks where more than
one track requires CWT capabilities. Assuming that every CWT pur-
chase equipped a total crossing with CWT capabilities would result
in not compensating for the multiple track crossings.

¢ Information was not available on the number of bidirectional units
purchased. A majority of CWT units currently available have the
capability of either unidirectional or bidirectional applications.
~ Information was only available on the number of units sold, not on
-~ their application capability, _

The 50 percent Essumption compensates for units purchased for re-
p]aéement and for multiple track crossings. For examp]e,'the,purchasé'
of 1,000 bidifectiona] units has the potentiallof providing 1,000 single
track crossings with CWT capabilities. Applying the 50 percent assumption
results, however, in only crediting 500 crossings with CWT capabilities.
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The remaining 500 units that have not been assigned to crossings are in-
herently compensating for units purchased for replacement and for,insta1-
lations at more than one track per crossing. The results of this estimat-
,in§ procedure 5re presented in table 4, ‘

Tab]e 4, Estimates of CWT units purchased and estimated crossings
. equipped with CWT devices.

Crossings

Manufacture} 7 'CHT Units Soid ' Equ1pped with CWT
Safetran - , 12,113 | ' 6,057
Others | 500 | , 250
Known as out of service S I -4

Total : 12,605 | 6,303

It should be noted that the number of crossings estimated as being
equipped with CWT devices obt ained by‘coﬁsidering manufacturer's sales
(6,303) is close to that obtained from the national inventofy (6,337).

"Replies from the ra11roads, however, indicated that there was an error
rate of 42 percent in identifying the actual crossings with CWT devices.
It was expected, therefore, that the s1m11ar1ty in the number of crossings
equipped with CWT devices, exhibited by the.nationa] inventory and manu-
facturer sales,vis a coincidence. '

To confwrm this susp1c1on a Chi- -square test of independence was per-
formed on pert1nent phys1ca1 and operat1onal character1st1cs between loca-
tions identified from information provided by Safetran and from the
national 1nventory. Safetran had provided, as accurately as possible, the
locations of installations for Michigan, Ohio, I1linois and Indiana. This
information, summarized in table 5, included the State, city, roadway and
purchasing railroad. These data items were used to obtain the crossing
inventory number from the national inventory file. If the 1nventory 1nd1-
cated that the crossing identified by Safetran had CwT capab111t1es then
1t was assumed that CWT devices were actua]ly present.
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Difficulties encountered in identifying the crossing number resulted
in only 177 crossings being verified as having CWT installation from the
total of 1,483 units sold in the four States. Of the 177 verified Cross-
ings 54, 105, and 18 were ‘installed in conjunction with flashing lights,
gates'with_f]ashing.lights, and traffic signals, respectively. '

Table 5. Estimates of CWT units sold and verified CWT crossings in
Michigan, Ohio, Indiana, and I1linois.

| Iw | I ML | OH Total
_Units purchased by rail- . | 818 | 180 | .333 152 | 1,483
roads for use within the
respective State,
Crossings verified as | 107 | 20 39 11 | 177
having CWT devices. = :

The Chi-square test, presented in table 6, consisted of comparisons
between type of warning device, speed ratio, AADT,'number of trains, and
number of tracks. This information was obtained from the inventory file
for both those locations identified from the Safetran sales information
and the national inventory, The rationale behind the test of these vari-
ables was that the installation of CWT devices are predicated by physical
and operational characteristics of the ;roséing. If the national inven-
tory file ,'by itself, was dependable for identifying crossings with CWT .
devices, then the characteristics of the inventory croséings.,wou1d be
similar- to the characteristics of the verified Safetran crossings. The
results of the test indicate that there is a significant difference, at a
99 percent Tlevel of tonfidente, in the tested physical and operatidnal
characteristics -of the crossings identified from the manufacturer's and
the national 1nventory1 It can be concluded, therefore, that the similar-
ity in the total number of ‘crossings identified ‘by the manufacturer's
sales information and that identified from the national inventory was a
coincidence. The national inventory cannot, thergfore, be used to identify
crossings equipped with CWT devices. |
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Table 6. Chi-sqﬁare test of independence for physical and operational characteristics between CWT
crossings identified by manufacturers' list and national inventory.

Highest ﬁrotectlop

Method of Class Spéed Ratio AADT Number of
Crossing L . Trains | Number of Tracks
Identifica- Flashing 251- 500- 1,001- 5,000-
tion Lights Gates <2:1 2:1 '3:1 >3:1| <250 500 1,000 5,000 10,000 >10,000{ 0-5 25 1 2 >3 Total
Manufacturen 54 105 2 25 10 72 19 11 16 - 51 27 35 18 141 39 64 58 797
Sales .
National 2,473 3,781 |1,640 806 329 3,477 763 656 782 2,387 1,588 708 1,590 4,664 | 2,904 1,827 1,529 | 31,904
Inventory )
Totals 2,527 3,886 |1,692 831 339 3,549} 782 667 799 - 2,438 1,615 743 11,608 4,805 ] 2,943 :1,891 1,587 ] 32,701
Chi-square = 81.8
df = 16

s

Critical value (99% L.C.) = 32.0




Survey Results from Railroads. and States

The information prbvided by Safetran,‘previous1y presented as table 3,
was uséd to identify the major users and nonusers of CWT systems. Surveys
were developed and administered to each group of railroads, in addition to
States, to determine the reasons for use ar nonuse, encountered problems
with CWT systems, and the existence of any installation criteria.

Surveys of CWT Users'

- The 1list provided by Safetran revealed that 15 railroads had pur-
_chased at least 60 CWT units. Nine railroads designated as CWT users were
randomly selected from this list, and forwarded a survey; The questions
were orientated toward determining the existence of installation criteria,
number of units purchased, mean time between failure (MTBF), prevalent
causes of failure, alternatives to the installation of CWT devices, and
physical conditions at the crossing that l1imit deployment. ' The complete
survey elements and receiﬁed responses are presented in Volume II. ’

A summary of the survey responses pertaining to installation criteria
‘and number of units purchased are contained in figure 11. Inspection of
this figure reveals that none of the surveyedvﬁailroads have any formal
criteria for CWT installation., Primary concerns for determining the need
for CWT systems were variatfbn in train speed and the bresence of switch-
ing operations. There should exist, however, a strong relationship between
 train speed variation and switching Operations at Tocations “that have
'through train movement in conjunction with switching operations. Train.
speed variations and through train to switching train ratio are, there-
fore, factors that should be considered in-determining installation need.
Other factors considered in CWT installations were train and roadway volu-
“mes and ‘the proximity of signalized control points. - The last factor is
essentially a'concern that must be addressed in the design of a CWT system
for a particular crossing environment. a



Number of

Question Summary Response Summary Responsesl/
Is the selection of loca- | a) Based on unusual and numer- 1
tions for the installa- ous train movements,
tion of CWT devices based | b) No warrants, but some States 1
on established warrants? have guidelines,
| c) No. ' : -2
 Please provide a copy or a) No response. 1
describe any warrants. - b) No formal warrants. 4
If no formal warrants a) Variation in train speed. 4
exist, what factors are b) Proximity of signalized con- 2
taken into consideration trol points.
for CWT installation? ¢) Switching operations. 3
' ' d) Train traffic. ’ 2
e) Vehicle traffic. 2
f) Traffic signal preemption. 1
CWT devices are primarily | a) Sole corrective countermea- 2
installed as: sures. '
b) One part of a crossing up- 3
- grading project. o
¢) No response,. 1
Approximately how many . a) SAB Harmon. 503
CWT devices have been b)

purchased from manufac-
~ turers other than
Safetran?

Others.

_l/ The total responseérfor,each

question vary due to multiple responses.

Figure 11. Summary of survey responses from rai1road$ identified as
- users of constant warning time systems.

Surveys of CWT Nonusers

Nonusers were identified by randomly selecting nine of the largest
railroads that were either not included on the Safetran list or had pur-

chased a small quantity of CWT systems;

The survey forwarded to the non-

users consisted of questions pertaining to the reasons for not using CWT
systems morefextensivé]y,‘the existence of installation criteria, prcoblems
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that would prompt CWT installation, and changes that would need to be ac-
- complished for CWT systems to be more attractive. The cemplete survey
elements and responses are presented in Volume II, ' .

A summary of the survey responses are contained in figure 12. This
figure reveals that CWT systems are frequently perceived as not being re-
‘quired, This can conceivably be the case if operation on the line con-
sists primarily of one type of movement, such as freight, with little
switching activity near crossings, Additional reasons for nonuse were
~high purchase and ma1ntenance costs and device complexity requ1r1ng main-
tenance expertise not available to the railroad.

Wide variations in train speed and switching activities were identi-
fied as operational conditions that predicate the need for CWT systems.
There were no formal criteria for installation, but five of the eight res-
pondents stated that they consider the installation of CWT systems to ad-
dress specific crossing problems. Alternatives to the installation of CWT
devices included the 1nsta11at1on of timing circuits and chang1ng the t1me‘
of switching operat1ons

Cost was identified as the most impbrtant factor in increasing the
attractiveness of CWT systems. Responses pertaining to cost .included
smaller purchase price, less maintenance cost, and governmental cost shar-
ing. Greater dependability and simb]ified installation, maintenance, and
testing were also mentioned as a means of increasing CWT acceptability.

Surveys of States

" Surveys were also forwarded to nine States to. determine if any cri-
teria existed for the installation of CWT systems. Included in this sur-
vey were queries pertaining to activities performed during grade crossing
inspections and recommendations given to the railroads. ) These surveys
were forwarded to a contact within the Federal Highway Administration and
conducted by te]ephoné. This process did not.result in the identification .
of any States that had criteria for the installation of, or procedures
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Question Sﬁmmafy

Response Summary

Number ofl/

Responses=
What are the reasons for a) No new installations, 1
not using CWT devices b) CWT devices do not always 1
mere extensively? fail in restrictive mode.
. o c) High initial cost. 2
d) High maintenance cost. 1
e) Not needed. 4
f) Too comphcated for railroad 1
personnel to install and
maintain, ‘
g) Recently started using CHT 2
devices, ’
h) Considered as undependab1e.' 2
What guidelines or war- a) None. 4
rants are used to deter- b) Inspection of crossing.. 1
mine where CWT devices c) Wide variations in train 2
should be installed? . speeds.
' d) Excessive switching. 1
Is the installation of CWT| a) Not considered necessary. 2
devices considered as a b) Yes. 5
possible countermeasure? c) No, 1
What operational charac- a) Variation in train speeds. 6
teristics and identified | b) Switching activity. 6
problems prompt the con- c) Maximum train speed. 1
sideration of CWT devices?| d) Roadway volume, 2
' e) Ballast condition. 1
What changes would need a) Greater dependability. 2 .
to be accomplished to b) Smaller purchase price. 3
make CWT devices more ¢) Less maintenance and mainte- 2
attractive? nance cost.
: B | d) Government part1c1pat1on in 1
‘ maintenance cost. ,
e) Simplified installation, 1
maintenance,. and testing.
f) No response. 2
g) Present day units are 1

adequate.

lf’The‘tota] responses for each

. _Figure 12.

question vary due to.multiple responses.

nonusers of constant warning time systems.
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: , ‘ ' ‘ Number ofl/
Question Summary Response Summary Responses—

Additional comments, ob- a) Need to improve system 1
servations or suggestions. dependability.
o b) Need a frequency compatabi- | 1
1ity chart. ‘ , '
c) Would use CWT devices if 1
needed. - '

d) No response. _

e) Primary cause of failure is
not due to problems w1th CNT
devices.

W

(1) The total responses for each question vary due to multiple responses.

Figure 12. Summary of survey responses from railroads 1dent1f1ed as
nonusers of contant warn1ng time systems (continued).

for, identifying the need for CWT devices. Therefore, no completed sur--
veys were obtained from the Statesf A sample of the survey designed for
the States is included in Volume II. | |

Estimating Total Crossings That May Require CWT Capabilities

One requirement of this project was to determine the number of cross-
ings that should have CWT installations, but do not. To fulfill this re-
quirement, it was necessary to deve]op project installation criteria which
would define the physical and operational characteristics that are pre-
valent at crossings equipped with CWT systems. Two different approaches
were tried in an effort to develop the installation criteria, consisting
of: 1) requesting criteria on the surveys forwarded to the railroads and
States, and 2) discriminant ana]ys1s

Installation Criteria from Survey Results

The survey results did not reveal any established quantifiable cri-
teria that were used by either railroads or States to identify crossings
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in need. of CWT installations. = Considerations that were mentiohed as

-influencing factars in CWT determinations included speed variability, -
switching activity, maximum train speed, large train and vehicle volumes,
and in the case of State responses, minimum and maximum warning ‘time until
_train arrivalg ‘The railroads, which mentioned considerations for instal-
lation, did not describe what limits to speed variability or maximum num-
ber of switching moves triggered the decision to install CHT'devites. The
absence of quantitative values resulted. jn the railroad responses not
- being a direct benefit in establishing project installation triteria.

The minimum and maximum warning time estab1ished by various States
could have been used to establish installation guidelines.for use within
each State. The wide variations in the maximum permissible warning time
récommended'by the States, however, precludes the extension of -this cri-
‘teria to nationwide estimatés. For exdmp]e, each State that responded to
the survey wa$ in agreement on a minimum warning time of 20 seconds, but
had maximum recommended times of 35, 40, and 60 second§ from first activa-
tion until train arrival. This represents a maximum to minimum warning
time ratio of 1.75:1, 2:1_aﬁd 3:1,'respéttive1y, for 35, 40, and A0 second
maximum warning times. Considering a fixed distance approach length, and a
track circuitry without CNT capabilities, then the warning time ratio also
represents the permissible train speed ratio. The limited number of State
responses_andlthe variations in permissible warning time, resulted. in the

responses being considered inadequate for estab1ish1ng nationwide instal-
Jation criteria.

Discriminant Analysis

Discriminant analysis is a statistical technique for studying the
differences between two or more groups of objects with respect to several
" variables simultaneously. The technique selects common variables from two
. or more mutually exclusive groups and provides measures of how well these
variables “discriminate"'between the two groups and which variables are
the most powerful discriminators. After the discriminating variables have
been identified, the extraneous variab1es can be dropped_and'thé resultant
discriminant model can be used to place individual members of the total
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population into specific groups. For example, there exist two distinc£
gfoups of crossings: 1) crossings with, and 2) crossings without CWT capa-
bilities. Discriminant analysis compares common variables (maximum speed,
number of tracks, AADT, efc.) between those two groupé. Those variables
which exhibit the greatest difference between the two groups are desig-’
nated as dfscriminating‘ihdependent variables. A discriminating function
is devé]oped from the selected variables by developing a weighting coeffi-
cient for each variable. The resultant function can be used to inspect
the entire crossing inventory to determine the total number of crossings
that should have CWT capabilities. |

Discriminant analysis was used’ to determine the appropriateness of
CWT installations, since no quantitative criteria were obtained from
either the railroads or States. The considerations used by the railroads
and States were, however, used to‘select the following initial input vari-._
ables:

Maximum timetable speed.
Minimum speed,

- Smallest érossing angle.
AADT. - ‘
Total trains.
Number of tracks.

‘Through to switch ratio (i.e., daily through trains/daily switch-
ing movements). :

® Speed ratio (maximum speed/minimum speed).

" The discriminant function wéé developed in a two-step process, using
a total of 402 crosSings. The first step involved building the discrimi-
nant function from a randomly selected 60 percent sample of the total 402
crossings. The second -step involved checking the accuracy of the developed
function by appTyjng it to the remaining 40 percent of the crossings not
used in the development step.

Developing the Discriminant Function

‘ Each of the 114 with, and the 128 cross1ngs w1thout CwT capab111t1es
used to develop the discriminant function were individually verified as
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having the indicated train detection'capabilities THis verification oc-
curred by comb1n1ng the verified locations from the Safetran list with
crossings verified by the individual railroads. Therefore, the funct10n
was developed from groups of crossings with known types of track circuitry
and control logic systems. Other data items, such as maximum and minimum
train speeds, crossing angle, number of trains, etc. were obtained from
the crossing inventory and not verified on a crossing-by-croésing
basis. ‘

The discriminant analysis was performed using the.étepwise_method.
The stepwise procedure automatically se1ect§-the independent variables on
the basis of their d1scr1m1nat1ng power, Those variables which maximize
the d1fferences between the centroids of each group are included in the
\ana1y515. As var1ab1es are selected for inclusion, some variables pre-
- viously selected may lose iheir diécriminating power. This can occur
because the information contained by variables in the function can alsc be
contained in some combination of the entering variables. The result is
redundancy which does not ﬁmprove the power of the discrimihant<funttion.
However, a variable that had been removed may reenter at a later step if
it satisfies the selection criteria at that time. The Fesu1t of the step-
wise discriminant analysis is a function that is built by inspecting all
of the input variables and selecting only those variables which contribute
to differences between the two groups. |

Discriminant functions were constructed fdr three distinct types of
groups, based on the highest priority warning device at the érdssings;
Separate functions were developed for crossings with 1) fiashing lights
only, 2) gates with flashing lights and gates with highway signals, and
3) combined categories of flashing lights only p]us‘gates with flashing
lights and gates with highway signals. The rationale used in developing
separate funct1ons, based on the highest type of warning device type, was
that the inherent differences in predicating the need for gates, such as
high AADT's and train movements, could result in 1arge differences in the
discriminant funct1ons for each individual group. Constructing separate
funct1ons permTtted each function to be inspected separate]y This was
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done to determine - if greater accuracy would be achieved by analyzing
crossing groups separately by warning device type, as opposed to a com-
bined group. ' ' ' ' ‘

Results of Discriminant Analysis

7 The resultant discriminant functions were used to classify the
40 percent of the crossings that were not used to develop the function.
The percentage of correct classifications was one measure used to deter-
mine the accuracy of the discriminant function. Results of the discrimin-

ant “analysis are summarized in table 7 and reveal the following:

¢ Flashing Lights Only: The final discriminant function contains
the independent variables of maximum speed, total trains, switch-
ing ratio and crossing angle. The only independent variable that
can logically be related to CWT need is switching ratio. Provi-
sions for maximum speed, if speeds are relatively consistent, can
'~ be made with conventional train detection systems. Crossing angle
and - total trains have an impact on sight distance. and total delay, .
respectively, not warning time variations. The distance between
the respective group (i.e., crossings with CWT and crossing
without CWT) centroids exceeds one (0.82798 + 0.26788), which
increases the probability that the function will be able to
distinguish between the crossings and, hence, correctly assign the
crossings to their respective group. ‘

, - Inspecting the classification step results reveals that the
function is capable of correctly identifying crossings that have
CWT devices installed 81 percent of the time. Correct classifica-
tion of crossings without CWT devices occurred 69.7 percent of the
time for an overall accuracy rate of 72.4 percent.

o Gates with Flashing Lights and Gates with Highway Signals: Swit-
ching ratio, minimum speed, AADT, and speed ratio were the final
discriminating variables.- These variables can all be logically
related to the prime purpose of CWT devices: to provide uniform
warning time.,. Inspection of the discriminant coefficients, how-
ever, reveals that the major variable 1is AADT, with a positive

“coefficient almost twice as large as the positive coefficients for
~minimum speed and switching ratio. Since the group centroid for
determining CWT need for this function 1is negative, only speed
ratio is a contributing variable, The AADT, minimum speed, and
switching ratio variables reduced the number of crossings which
- need CWT devices, It is difficult to rationalize the discriminant
coefficients for this function, especially when it s realized
- that gates are often installed in response to high AADT.
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- Table 7. ‘Summary of discriminant analysis.

Function Development Step

Classification Step

Discriminant Function

. Kumber of Cases Group Centroids Percent Correct
Highest Priority Discriminant Number of Correct -Combined
Warning Device CWT | No CWT Variable Coef ficient Group | Centroid Group Cases Classification | Classification
Flashing Maximum Speed 0.41958 CWT. 0.82798 . CWT 21 81.0
Lights 47 104 Total Trains 0.57817 . 72.4
Only . . Switching Ratio 0.27737 NO -0.26788 NO 66 69.7
Crossing Angle 0.37096 CWT CWT :
Gates with - ) ‘ Switching Ratio 0.35542 CWT -0.19364 CwWT 45 | 62.2
Flashing Lights 78 28 Minimum Speed 0.39028 ' ’ - . 57.9
and Gates with | - AADT 0.75487 - NO 0.58900 NO 12 41.7
Highway Signals Speed Ratio -0.65324 CWT CuT
Flashing Lights Maximum Speed 0.45877 - CWT 0.62546 CWT 78 18,2
Only Plus Gates . . Total Trains 0.54032 ’ B 1.9
with Flashing 114 128 Number of Tracks 0.23516 NO | -0.55705 NO- 82 65.9
Lights and Switching Ratio '0.22637 CWT ' CWT
- Gates with . :
Highway Signals




The group centroids are only separated by 0.78 {0.58900 +
0.19364), which indicates that the discriminant function has a
smaller range around each group centroid in which to .determine
which group each crossing should be classified under. This tends
to decrease the dependability of the discriminant classifications.
This could be one of the reasons why the function could only cor-
rectly classify crossings as needing and not needing CWT devices
62.2 and 41.7 percent of the time, respectively. The result was
an overall correct classification rate of 57.9 percent.

e Combined Categories of F]ash1ng L1ghts Only and Gates with F]ash-
ing Lights and Gates with Highway Signals: This funcfion included
maximum speed, total trains, number of tracks, and switching ratio
in the function. A1l of these variables had positive coefficients
and, since the with CWT group centroid is positive, each variable
contributes to predicting the presence of CWT devices. The group
centroids are separated by a distance greater than one (0.62546 +
0.55705). 'The function was able to correctly predict locations

with CWT installations 78.2 percent of the time with an overall
accuracy of 71.9 percent.

It should be noted that due to the';bmbined warning deQice types of
flashing lights on]y'anq gates with flashing lights and gates with highway
Signals, the'sample size was larger for the combined category than for the
individual categories. The larger sample size, in conjunction with the
‘discriminant funétions, resulted in the decision to use the combined
.discriminant function.

Estimate of . Total Crossings That May‘Require'CwT Installations

The discriminant function for the combined warning devices was ap-
plied to a 50 percent sample of the total public nationwide trossings with
active -warning devices. The sample crossings were randomly picked from
the FRA 1nventory of current cross1ngs by a computer program. The only
restrictions on the random selection process were that the crossing be
public and equipped with active warning devices. The result was a sample
file that contained a proportional representation of crossihgs eﬁuipped
with flashing lights, gates, and highway signals. ‘

The results of applying the discriminant analysis to the. national
inventory are presented in table 8. This table indicates that 9,877
(34.5 percent) of the sampled crossings have the same relevant physical
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and operational charactér{stics as those crossings which had CWT systems.
Extending this percentage to the total number of nationwide crossings im-
plies that approximately 19,400 crossings, nationwide, should be equipped
| withlchfsys;ehs. Since it was previously estimated that approximately
6,300 crossings currently have CHT capabilities, there are 13,100 cross-

ings (19,400 - '6,300) that may require, but do not have CWT capabilities.

Table 8. Results of discriminant analys1s on public cross1ngs w1th
active warning devices,
: Nationwide
Number of |. o Percent of - Total Crossings
Crossings | Predicted Need Sample Nationwide That May
Sampled for CWT Needing CWT Crossings Require CWT
28,607 9,877 34,5 56,211 19,400

Reliability oﬁ'Diécriminagp Analysis Results

"It should be noted that the use of discriminant analysis on the FRA
~ inventory to estimate the number of crossings where CWT systems may be
required is inherently making the assumptidhs discussed below:

e The discriminant function is completely accurafe.‘ The discrimi-

- nant function was determined, as shown in table 7, to correctly
classify crossings with known CWT installations 78.2 percent of

the time. The actual number of crossings that may require CWT
devices could, therefore, be higher or lower  than the obtained
estimate,

o The FRA inventory is accurate. The accuracy of the FRA inventory
on operational data 1tems 15 questionable. The railroads and agen-
cies responsible for roadway maintenance do not, in the majority -
of cases, update the inventory for changes in AADT, number- of
.trains, switching activity, and train speeds. - '

o Continuity of physical and operational conditions. The discrimin-
~ant analysis was performed Dy using the current physical and

_ operational conditions present at the crossing. The conditions
that existed when the decision was made to install the CWT .sys-
tems, however, may not be the same conditions that are currently
contained in the national inventory. The discriminant function,
therefore, may have been developed from physical and operational
conditions that have evolved since, and not predicated the need
for, CWT installation. : '
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1] CrOSST“QS with passive warning devices do not need CWT systems.
There may be crossings that currently have passive warning devices
that are in need of both active devices and CWT systems, Since
only crossings with active warning devices were included in the
discriminant analysis the passive crossings requiring CWT systems
were not included.

¢ CWT compatability and absence of alternative solutions. The num-
ber of the estimated crossings which, due to competing use of the
rails for signaling purposes and other inhibiting factors, would
not be eligible for CWT installations 1is unknown. In addition
there are a number of crossings that provide a uniform "amount of-
advance warning by using a series of track circuits w1th time-out
relays in 11eu of CWT systems. :

- @ CWT systems are 1nsta11ed for correct and similar reasons. The
discriminant function was developed from two groups aof <¢rossings.
One group was verified as having CWT systems and the other group
verified as not having CWT systems. The commonality within each
group was, therefore, the presence or absence of C(WT systems. .
Since, the crossings used in building the discriminant function
were partially obtained from the crossings being investigated for
accident analysis, AADT and train movements were relatively high.
The two mutually exclusive groups were, therefore, similar with
regard to AADT and train movements, but no other controls on oper-:

- ational or physical features were exerted on selecting crossings
for analysis. It was assumed, therefore, that inherent differ-

~ences existed between the two groups that predicate the need for
CWT systems. For example, it was expected that, on the average,
“crossings with CWT systems would have higher train speed ratios
than crossings that do not have CWT systems. Ancillary assump-
tions, therefore, are that railroads are inherently using guide-
lines to predicate the need for CWT systems and that these gquide-
lines are similar among railroads (even though the surveys indi-
cated that no established gquidelines existed).

The independent variables selected for the combined discriminant
| funct ion were anélyzed to determine if differences exist between the
groups with'and without CWT systems. This analysis consisted of applying
the Kolmogorov-Smirnov ;wd-samp1e test at a 95 percent level of confi-
dence. This test was used to determine if significant differences existed

in the cumulative distributions of the variable categories between the two
groups. ‘

The results of this analysis‘for max imum speed, total trains, number
of tracks, and switching ratio are presented in tables 9 through 12, res-
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Taﬁle 9,

Kolmogonov-Smirnov test on maximum speed between ver1f1ed

, cr0551ngs with and without CWT dev1ces

S Cumulative
: -Frequency - Freguency
Maximum. , : . .
Speed CWT No CWT "CWT No CWT Difference
0-10 7 . 44 .0365 L2095 -.1730
11-20 15 - 30 .1146 .3524 -.2378
21-30 4] 78 .3281 .7238 _ =.3957
31-40 35 11 .5104 .7762 -.2658
41-50 38 24 .7083 .8905 -.1822
51-60 19 9 .8073 .9333 -.1260
>60 . 37 14 1 - 1 0.

| maximum difference
95 percent critical

Table 10,

= (0.3957
-S value

0.1358

_Kolmogonov Smirnov test on total trains between ver1f1ed
crossings with and without CWT devices.
Cumulative
: Frequency Frequency
Total _ ' - .
Trains CWT No CWT CWT No CWT Difference
0 1 8 .0052 .0381 -.0329
1-2 ) 46 .0365 .2571 -.2206
3-5 11 50 - .0938 .4952 -.4014
6-10 '16 20 A7 .5905 -.4134
11-15 19 12 L2761 .6476 -.3715
16-20 52 - 23 .5469 L7571 -.2102
21-25 24 18 .6719 .8429 -.1710
25 63 ~33 1 1 0

| maximum difference| =
95 percent critical K-S

0. 134
Value




"Table 11,

Ko]mogonov -Smirnov test on number of tracks between ver1f1ed

cr0551ngs with and without CWT devices.

Table 12.

-5 value

Cumulative
. ' Frequency - Frequency
Number of S ' ‘
Tracks CWT No CWT CWT No CWT Difference
1 56 120 .2917 5714 -.2797
2 74 60 6771 .8571 - -,1800
23 62 - - 30 1.000 1.000 0
| maximum difference | = 0.2797
-95 percent critical = 0.1358

Kolmogonov-Smirnov test on switching ratio between verified
-¢rossings with and without CWT devices.
Cumulative
Frequency Frequency
Switching : - v _
Ratio CWT No CWT CWT No CWT Difference
0 63 87 .3281 4143 -.0862
0-.3 11 43 .3854 L6190 -.2336
. .31-.49 - 3 .3854 ©.6333 -.2479
50-.74 4 8 .4063 .6714 -.2651
.75-.99 3 2 .4375 .6810 -.2435
1.0-1.9 15 33 .5156 .8381 -.3225
2.0-2.9 16 - 8 .5990 .8762 -.2772
3.0-3.9 12 6 .6615 .9048 -.2433
4.0-4.9 19 3 .7604 .9190 -.1586
5.0-5.9 4 8 .7813 9571 -.1758
6.0-6.9 10 2 .8333 .9667 -.1334
4 32 7 1.000 1.000 0
| maximum difference | = 0. 322 .
95 percent critical K-S value = 0.1358




pectively. These tables reveal that in,a]]linstances crossiﬁgs without‘
CWT systems have a.larger proportion of the total occurring in the lower
variable groupings. This differénce is large enough to be significant and
indicates that, with regard to the analyzed var1ab1es the two groups ex-
. hibit different distributions. Not only are s1gn1f1cant differences ex-

hibited, but the manner in which the differences occur is 1n accord with
 what could be expected Cross1ngs w1th CWT systems have a higher 1nc1dence
of occurrence when the maximum speeds, total tra1ns, number of tracks, and
switching act1v1ty are maximized,
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CHAPTER 3.1 PERCEIVED PROBLEMS WITH CONSTANT WARNING TIME SYSTEMS

One of the postulated reasons why CWT systems have not had a wider
acceptance among the raiIand,community are perceived problems with regard
to reliability, compatibility, and cost. Many of the problems that are
identified in the literature are problems that existed with the early CWT
models. The majority of these problems have been eliminated and are not
more prevalent in the current CWT models than in any other type of track
' circuitry. A1l track circuits, for examp]e, are prohe to “revert to the :
fail-safe mode when the rails- are subjected to lightning strikes during an
electrical stomm. Statements that the CWT circuits will be damaged by
electrical surges caused by lightning strikes are true. These statements
must, however, be -tempered with the rea1izétion thdt all other track cir-
cuits will be damaged also. ' -

~The Iitefature review conducted as part of this study, and the sur-"
veys forwarded to- the railroads, identified a number of the pekceived
problems with CWT. systems. These problems are summar i zed in this chapter
to make krown the concerns of both CWT users and potential users. It has
been noted where these problems are not more prevalent with CWT systems
and which countermeasures andlimprovements in newer CWT models are avail-
able to decrease the adverse impacts. ' | o

It should also be noted that with at 1east one manufacturer, the'pur-‘
chase of a CWT unit includes the‘tost of engineering consultant services.
‘Problems in adapting the devices to specific physical or operational envi-
ronments can be resolved, therefore, at no additional cost to the pur-
chaser.. Hence, the purchaser is not required to have personnel with the
technical expertise to reSo1ve specific installation or device calibration
-tasks.

Summary of Perceived Problems

Effect of Ballast Resistance

A1l train detection devices currentTy in standard use utilize the
rails of the track as part of the circuit. The rails of the track form
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comparatively low impedance feed and return paths for electrical current
" flow. Since the rails are not insulated‘frdn each other, the electrical
current tends to leak from rail to rail during wet weather, If this leak-
age becomes large enough to de-energize the track circuit relay, the warn-
ing circuit will then be activated. The control logic of the track cir-
cuits are, therefore, intentionally designed to recognize‘incﬁdents of
high current leakage as an inoperative condition and automaticaliy revert
to the fail-safe condition. '

‘The paths of current leakage are through the tiés, ballast, and accu-
mulated dirt via moisture. The resistance of these paths is variable;
high, for examplé, when the ballast is dry and low when it is wet. The
resisfance is, therefore, dependent upon the ‘physical condition of the
ties and whether the ballast is dry, Qet, or frozen. - Current leakage is .
kept Tow by maintaining as high a resistance as possible. This can bé
achieved by majntaihing ties in a waterproof condition, by keeping dirt
and ballast out. of contact with the rails, and by using ballast rock that
is nonconductive and will provide good drainage. Maximum ballast resist- .
ance results in greater system depéndabi]ity,.1ess energy loss, and re-

~duced costs of operation and maintenance. '

Extremely low ballast resistance can not only result in false signal
activation, but also in a difficult determination of train distance from
the crossing, Constant warning time devices use a constant current feed
to develop a track voltage. The rails present an impedance to,current;
flow with accompanying variations. in voltage, depehdinq upon the distance:
of the track shunt from the feed point. The variations of this track
voltage 1is converted by a computer to estimate the anticipated arrival

time of a train at the crossing. Since: 1) the voltage drop across an
impedance is equal to the current flow times the impedance, and 2) the
applied current remains constant, the track voltage is diredt]y propor-
tional to the track,fmpedance. The track voltage should, ideally, vary
linearly with distance and provide a direct measure of train distance from
the crossing. Measuring the rate of voltage change should, Tikewise,
determine the train speed. :
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In rea11ty, an ideal Tlinear re1at1onsh1p does not occur due to varija-
t1ons in ba]]ast res1stance ‘Therefore,- the relationship between current
voltage, and impedance becomes a non11near function. Figure 13 displays
how the difference in the ideal and actue1 relationships affects the ac-
curacy of measurement. For example, if an ideal relationship (e.g., in-
finite ballast -resistance) did exiét,-then_a recorded voltage could be
interpreted as representing a train . at a distance of D] from the feed
pdini- The train could, however, be at a further distance, D, due to
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Figure 13, Representat1on of perce1ved to actual train d1stance [1]

The effect of varying ballast resistance has been mitigated since the
first CWT concepts. Initially this was accomplished by measuring the
reactive portion of the track impedance. This concept resulted in an
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improved relationship of voltage to distance. Subsequently, linearity ha;A
been fufther'improved underrextreme1y adverse ballast conditions by the

mathematical treatment of summing both the reactive and impedance compon-
ents.  An ideal case is presented by the lower curve in figure 13 and
provides a more‘aecurate measurement of -distance in conditions of varying
ballast resistance. - o

‘Component Re1iabi1ity

Grade croséing warning and railroad signa1]ing'herdware, by neces-
sity, operate in an extremely harsh envﬁronment. The equipment is mounted
in trackside relay cases that have no ambient temperature control.‘Depend-
ing upon the lecation of the relay box, the equipment can be subjected to
temperatures as. low as 40 degrees‘Fahrenheit below zero (-40 degrees Cel-
sius) to over 160 degrees Fahrenheit (71 degrees Celsius) inside the case,
due to direct sun exposure. Humidity also varies, from extremely dry con-
ditions to conditions where everything is dripping wet, These conditions -
are compounded by severe v1brat1on from passing tra1ns, and damage from
hunters, vandals, and out- of contro1 automobiles. [4]

‘E1ectr1cal‘surges from lightning and transient currents from man-made
sources also pose problems to wayside electrical components. The rails
extend for long distances and form highly induct ive and good conductors.
.The result is a situation in which lightning can create high electrical
potential which;can'brepagate for long distances. Railroad signal hard-
ware is, however, normally designed to withstand a 3,000 volt breakdown
test. The ability to withstand high voltages ceup1ed with the use of
surge arrestore.-and equalizers which are able to prevent transients of
over 1,000 volts, unless the lightning strikes closeby, decreases the
potent fal for e1ectr1ca1 surge damage [4]

“The rea]ization of CWT systems is made possible through the‘use of
solid state Comﬁonents | SoTid state components are, however, very suscep-
tible to electrical surges and, therefore, require additional surge pro-
tection to be des1gned into the system Thus, providing protection against
electrical surges when using solid state components is a critical factor
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in dévice 1ongevity. Improvements in surge and transient Suppreséidn have
been incorporated into CWT systems which havé_furthgr improved reliabili- -
ty. This jmprovemenfvin re]iabi]ify has occurred in conjunction with the’
~introduction of integrated circuits which have‘.reduced component . count
while affording improved capabilities. : o

Maintenance Activity and Cost

fhe mean time between failure (MTBF) rates for CWT sygtems are not
generally available to the public. Studies performed on some of'the ear- .
Tier models of CWT systems, however, revealed a MTBF rate of 2 1/2 to 3

yéars.tl] According to the standards established by the railroad,

this was close to the maximum failure rate of 2 years. When compared to
the MTBF rate of conventional DC circuits of 10 years, the faflure rate of

éar]y CWT models appeared very high, The MTBF rate has increased dramati-
cally with the newer CWT models. One manufacturer claims that the failure
rate of all their current models is from 5 1/2 to 7 1/2 years.

There are a number of reasons why CWT systems do not have the reli-
ability of conventional DC track circuits. One of these reasons is rela-
‘ted to device complexity and the interaction of- environmental factors.:
~Based on Complexity.a1one, a-higher failure rate, due to component ‘damage

and malfunction, can be expécted. 'The fail-safe requifement also adds
complexity to CWT systems. While the fail-safe feature is a requirement
of .all systems, it has a greater impact on complicated systems. This is
because the fail-safe .requirement places added complexity to an already
Comp1ex device. '

Inability to provide broken rail protection and, to some extent, pre-
diction accuracy occur in CWT systems when the ballast resistance is re-
duced to below 2 to 3 ohms per 1,000 feet of track. Ballast resistance in
this‘heighborhood is not gquite ]ow,énough to cause failure with conven-
tional DC track circuits or power line frequency AC detection circuits.
 However, ballast resistance this low causes problems with some of the

" higher AC frequencies employed by CWT systems. .An ideal situation would
be a minimuﬁ ballast resistance of 3 to 4 ohms per 1,000 feet of track.
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Some U.S. railroads, however, have a minimum ballast resistance of 2 to 3
ohms  per 1,000 feet or less}[7] There‘are,'therefore, some situations
where CWT systems cannot be used unless initial track maintenance is per-
formed especially at crossings where a buildup of conductive materials
including deicing salt has occurred over the years, '

The electronic equipment and phy51ca1 track structure for CWT Systems
may require more maintenance to achieve acceptable operation Tlevels, In
the past, although all railroads had the expertise to maintdin the track -
structure, some did not have the expertise to maintain the_CwT systems
themselves. This is not a problem with the newer models, many'of which
have status lights and all have modular construction. The status lights
indicate fauity modules which can be replaced in their entirety and for-
~ warded to the manufacturer for repair. | |

Increased Installation Cost

Although total installation costs are a one-t ime outlay, they can
vary drastica]iy from one crossing te another. Iniaddition, to the ini-
tial cost of eduipment, the installation cost is affected by site charac-
teristics. These characteristics often demand individual planning by a
team of railroad and city or state engineers. Insulated joints required by
nearby DC track circuits, close proximity of nearby crossings, lTow ballast
resistance and ‘overlay track frequencies are a few examples of peculiari-.

ties which require measures and equipment adjustments_indigenoué to the
specific crossing.

Heisler and Morrissey determined. that the average instai]ation‘costs
of CWT systems exceeds those of other train track circuitry and control
‘logic systems, (8] The average installation costs (based on 1977
prices) categorized by warning device type, train detection system, and
number of tracks are presented in table 13. Although these costs are.
dated, and the costs of constant warning time systems have been reduced,
the table serves to demonstrate the disparity between the various train
detection systems at the date of the survey. )
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Estidates obtained from manufacturérs; as part of the study for'thiS-
report, indicate that 1985 costs for a CWT unit is approximately three
fhousand dollars higher than required for an audio frequency unit. Since
the CWT systems perform functions that cannot be pérfomed by the audio
circuits, it 'is not valid to dxrectly compare the costs of the d1fferent

systems.
Table‘13 Average installation costs for motorist warnzng devices by
“train detect1on system and number of tracks, in $1,000.
(source: reference 8) :
' , Train Detection Systeml/
Motorist ]
Warning No. Grade Crossing Audio Alternating/ Mot ion
Device Tracks - Predictors Frequency Direct Current Sensors
Flashing 1 --- . 25.9 22.6 22.3
Lights :
Canti- | ,
levered 1 -—- 33.3 46.2 44,2
- Flashing :
Lights
-Flashing _ , -
Lights 2 54.3 46.2 43.6 39.0
with
Gates
1/

Sample size for Direct Current System too sma11 for mean1ngfu1 ca1cu1a-

tions.

Compatibiiity with Electrified Railroads

Electrified railroads, which use the rails to ﬁrovide a return path
for traction currents, require the use of impedance bonds which make the -
use of CWT systems very difficult. It is currently unknown to .what extent
CWT systems will ever be compatible ‘with electrified systems.tg] The
number of miles of electrified railroad is, however, very small.



Bidirectional Versus Unidirectional Deployment

Early CWT models only had unidirectional capabilities. Therefore, if
a. crossing fequired a measurement of train speed on both approaches, two
unidirectional CWT units were‘necessary. Current CWT models have bidifec-.
tional capabilities enabTing the detection of train presence and speed on
both approaches. While bidirectional deployments result in greater simpli-
city and ease of installation, several factors must be considered before
~selecting bidirectional or unidirectional models. o

The simplicity of a bidirectional system is beneficial at'1qtations
with overlapping approaches. In overlapping approaches the frequency of
each approdch passes frée]y through the adjaceht approach to its termina-
‘tion shunt which is located at a full approach distance from the crossing.
However, in congested areas, where several streets are Elose‘together,_a
sufficient number of distinct frequencies may not be available for all
crossings. In such cases, a unidirect ional system may be used periodically
to isolate sections of‘the'track, thereby allowing frequencies to be dup-
licated. ' ‘ ’

Considerations of ballast resistance and fregquency are‘neceséary in
determining the maximum and minimum ‘operating distances. These are espe-
cially 1mportant factors when the devices are used with multiple frequen-
cies for train detection on a number of adJacent crossings. The max imum
permissible approach length for any operating frequency depends upon the
minimum ballast resistance with the distance increasing with higher resist-
ance, - Thé'minjmum permissible distances reflect the effect of potential
loss in the rails and ballast leakage and are inverse]y'proportiona} to
frequency. Higher frequencies are‘susceptib1e to degeneration under low
ballast resistance conditions. Frequéncy "bleeding" may be minimized by
electr1ca1]y s1mu1at1ng additional track 1ength through the use of a tun-
able narrow band shunt. [10]

DetermlnatIOn of the proper track circuit distance or approathiiength
depends upon the maximum train speed, crossing signal operating time, and

system response: time. The maximum speed is converted to feet per second



and is then multiplied by the total time in seconds. For example, .a

cross1ng with a maximum train speed of 50 mi/h (80 km/h) (73.3‘fps), a
signal operating time of 20 seconds, and a system response time of 5 sec-

- onds would require an approach distance of 1,833.3 feet.

At the present . time, some CWT systems are generally not compatib1e
‘with 60 and 100 hz AC coded track or coded CAB signal circuits. Existing
track circuitry must, therefore, be carefully evaluated when selecting a
suitable operating freguency. Prior to the selection of “any operating
frequency, the frequencies already .in use must be surveyed. As a general
rule, existing frequencies will be compatible if‘they do not fail within
24 percent of the CWT operating frequency If h1gh levels of 60 hz ex1st
an operat1ng frequency of 114 hz should be avo1ded

Survey Results from RaiTroads

The surveys forwarded to the raTTroads, d1scussed in Chapter 2, con-
ta1ned queries pertaining to the perce1ved problems w1th CWT systems.
-Inspecting the response to these questions, summarized  in figures 14 and
15, for users and nonusers respectively, indicate that the primary'causes
of CWT failure are electrical storms, component failure, track cirtUitry
fa{Iure, temperature changes, and varying ballast resistance. Ballast
_resistance was also identified as the most prevalent criteria 1imiting'the
installation of CWT systemé. Perceived high cost, both maintenance and
purchase, in addition to perceived undependabi]ity,'were factors impeding
the use.of CWT systems by some rai]roads,

The railroad survey.resbonses reveal that the perceived broblems with
regard fo dependability, cost, and maintenance, are based on the older CWT
models. _The newef models have eliminated most of these problems. Other
problems still persist, such as system damage due to electrical storms,
but these probTem§ are common to all current track circuitry and control
Togic Syétems. In addition, the cost difference between CWT and audio fre-
quency track circuits is approximately three thousand dollars. This mone-
tary difference represents a comparison between two. totally different Sys-
" tems with different capabi]itfesﬂ “When CWT capabilities are required, the
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What are the most preva-
lent causes of CWT fail-
ures?

Lightning.

Component failure.

Track circuit failure.

Relay contacts high.
resistance.

Poor ballast conditions.

Qut of adjustment.

Tuned joint couplers fail.
Temperature changes.

Broken bonds. : --

— W L W

1/

Question Summary Response Summary Responsest

What 11m1t1ng criteria
have been encountered
which is advérse to
installation?

E]ectrbnita]]y coded tracks.
Low ballast resistance.

Tuned joint couplers.

Rusty rail.
Availability of usable fre-
quencies in older CWT models.
Track circuit type and
length.,

Powerline ground current

and its harmonics.

— — 0D N

— et

What inspections are per-
formed to ensure CWT com-
patibility?

Field surveys. .

Type and number of train move-

ments.

Experience of local signal
supervisors.

Condition of rail and ballast.
Location of adjacent power-
lines.

Track layout.

Location of adjacent crossings
and other signal facilities.

Lol -3

— -

Additional comments.

Do not use in poor ballast.

Limit use of joint couplers.
Susceptible to interference-
type problems.

CWT's increased maintenance

and installation costs.,

No response.

- e

" Figure '14.

The total responses for each QUestion vary due to multip]e EeSponses.

~Summary of survey responses pertaining to perceived .

prob]ems received from railroads identified as users of
constant warning time systems. .
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. . | Number of1
- Question Summary Response Summary Responses-/
What are reasons for not a) No new installations, =~ 1
using CWT devices more b) CWT devices do not always 1
-extensively? ' ~fail in restrictive mode.
' c) High initial cost. 2
d) High ma1ntenance cost 1
e) Not needed. 4
f) Too complicated for railroad 1
' personnel to 1nsta11 and.
maintain,
g) Recently started using CNT 2
devices,
h) Considered as undependab]e 2
Additional comments, ob- a) Need to improve system ‘ 1
servations, or suggestions. dependability. .
: b) Need a frequency compatabi- 1
lity chart, ‘
c) Would use CWT devices if 1
needed. - _
d) No response. 3
e) Primary cause of fa11ure is - 1
not due to prob]ems with CWT
devices.

v The total responses for each question.yary'due to hu]tip]e responses. .

Figure 15 - Summary of survey responses pertaining to percelved
problems received from railroads identified as nonusers -of
constant warning time systems.

on]y hardware alternative present]y available is a sertes of time-out
relays. . This circuit system does not prov1de a cont1nu0us measure of
tréin distance and speed as does the CWT system, The number of measures
of train distance and speed estimates is dependent upon the number of C1r-
cuits used in the t1med circuit system, These add1t1ona] circuits rep-
resent additional costs that can easily exceed the cost of a CWT system,
The cost of current]y ava11ab1e CWT systems is not, therefore, more expen-
sive than alternative track circuit.and contr01 Iog1c ‘systems that provide
the same capab111t1es
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Countermeasurés‘to Increase CWT Applicability and‘Re11ab111ty

Special dircuits and safeguards are available to address the physical
constraints that initia]]y Timit the effectiveness or preclude the instal- -
lation of CwT?systéms. The applicability of these countermeasures aré'site
specific and dependent upon the physical and operational characteristics
of each crossing, The railroads, after identifying the need for CWT sys-
tems, must‘determine the applicability and system deéign. This is often
no prob]em,‘especia]1y for railroads that are experienced-with CWT sys-
‘tems, or thatlhave a diverse signal engineering staff, Problems can occur
in system design, however, if the railroads have neither the staff nor the
experience or if adverse enviranmental conditions are convoluted,

It_shou]ﬁ be noted that conversations with both railroad and manu-
facturing peréonnel indicate that CWT systems can be installed at the
majority of cfossings. Crossings with convoluted inhibiting factors re-
quire the expertise of signa]hengineers thoroughly familiar with the in-.
stallation of CWT systems. This expertise, if not available within the

railroad staff can be obtained, often at no exfrg cost, from the CWT manu-
facturer. ' ' '

Modifications for Improved CWT Device Performance

Circuit modifications are a#ailab}e to meet a variety of applica-
~tional needs. Several of these modifications are summarized below:

¢ Automatic Transfer: The deployment of two units ensures the
transfer of control to a standby unit if the primary system fails.
Control is transferred through an electronic timing circuit.

¢ Switch Circuit Controller: While less prevalent in CWT applica-
tions, false signal activation may occur in motion sensing deploy-
ments when switching occurs within the approach distance with
_other variable factors. present. These factors include the loca-
tion of the switching activity within the track circuit, length of
approach track circuit, speed of train, etc., These factors tend

to cause slight voltage variations when the train proceeds out of
the switch circuit, and onto the main 1ine.[10] A switch
circuit controller, which applies a track shunt to prevent false
signal activations, can reduce these fluctuations, : '
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e High Current Track Drive: A high current transmitter coupler will
provide additional filtering and prevent track circuit loading.
These factors are of particular concern when CWT systems are used
in areas of significant electrical interference. This interfer-
ence is generated, for the most part, by railway sources (i.e.,
E?Bﬁd DC track circuits, noncoded AC track circuits, 50 hz AC)..

o Tuned External Filter: A tuned external filter may be used when
AC interference is excessive. If a series notch filter is select-
ed, the operating frequency must be tuned to the CWT.system.

e Additional Filters: In DC track circuits where battery chargers
are employed, 120 hz ripple and other forms of electrical inter-
-ference may require additional filtering. Normally the series
battery choke will do this but CWT system application guidelines
provide specific information on effective filtering technigues and
the installation of special isolation units, where required.

Guidelines for Atypical CWT Device Deployments

In some instances, special safeguards must be taken to ensure proper
CWT system operation, Some atypical deployment characteristics are dis-
cussed below: | ' '

e Unequal Bidirectional Approach Distances - Where bidirectional
_approach distances vary in excess of 30 percent, insulated joints
are located at the termination point of the shorter approach. In
addition, simulated track length must be added to compensate for

the diﬁfﬁffnce ~in distance, so both approaches appear equal in
- length. ' '

‘e Bypass of Insulated Joints - When a CWT system is used in conjunc-
tion with existing track circuits, the user may wish to bypass
frequencies beyond the insulated joints. This practice is gene-
rally acceptable if the user adheres to rec ded safeguards con-
tained in the application gquidelines. These guidelines
include information on bypass feasibility, device selection, com-
patible operating frequencies, and surge protection. )

e Multiple Track Crossings - Frequency conservation may .be attained
in high density areas by using the same frequency on all tracks of
a multiple track crossing. Frequency beating 1is prevented with
frequency synchronization provided. in a master-slave operation,
Since approach lengths may vary, the operating frequency must oper-
ate over all the distance variations in the multiple track cross-

ing. In the selection of island frequencies, it is important that
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frequencies not be dup11cated an the same track within 5,000 feet
of the crossings, °E1Hjt”‘” 3,000 feet of the crossing, in the case
of adjacent tracks

¢ Narrow Band Termination Shunts - In instances where several cross-
ings cause approaches to overlap, wide band termination shunts are
replaced with narrow band shunts or tunable narrow band shunts.
Adjacent frequencies are generally not used together on the track
or a loading effect may result. The severity of the loading effect
depends upon the closeness of each frequency, with adjacent fre-
guencies most commonly affected.

, Adjacent channel loading is less severe in bidirectional ap-
plications. Narrow band shunts of adjacent frequencies must not be
used in .a specific zone centered on the crossing. In a unidirec-
tional application, the basic guideline is to avoid overlapping of
the next two adjacent channels. Through a technique called "bidir-
ectional simulation," channel separation requirements may be eased.
An adjustable inductor and wide band shunt can be added in series
across the feed points, resulting in the addition of electrically-
simulated track length, which is equal in distance to the approach
of the rail being covered unidirectionally. In such cases, some
CWT units behave similar to a bidirectional unit, allowing bidirec-
tional adjacent channel guidelines to be used.

A summary of factors inhibiting the 1nstaT1at1on and proper operation
of CWT systems are provided in table 14, Further clarification of counter-
measures conta;ned in this table and additional inhibiting factors can be
obtainéd from‘CNT manufacturers, | '
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Tablé 14. Summary of inhibiting factors and applicable countermeasures
' to the use of constant warning-time systems.

Inhibiting Factor

Symptoms

Contributing Characteristics

Recommendat ions for Improved Perform-
ance (Including New Technology Where
Applicable)

Ruéty Rail Conditions

Inhibition or elimination of

effective track shunt.

Sporadic track usage, environ-
mental conditions. :

Operate with 60 Hz Style C or 12VDC
track circuit for improved perform-
ance. : ‘

Electrical Interference

Unreliable system performance.

Existing track circuitry (coded
DC track circuits, non coded AC
track circuits, 60 Hz, etc.).
Track circuits which employ
battery chokes. '

Tuned receiver filters, isolation
transformers, high current track
drive. .

- Loss of Bidirectional

Sensitivity

Impaired sensitivity to &p-
proaching train.

An infrequent occurance which may
be precipitated by critical rela-
tionships involving moving and
standing shunts. May occur with
greater frequency in areas where
closely following train movements
are anticipated.

Installation of unidirectional CWT
where required by unique site charac-

“teristics.

Transmission of Audio
Frequency Beyond Ter-
mination Shunt

Premature and/or unwanted
crossing signal operation.

Low operating frequency in con-
junction with short approach dis-
tance. .

Careful evaluation of site charact-

“eristics in selection of operating

frequency. .

Addition of simulated track length
through use of tunable inductive
shunt.

Variations in Detection
Voltage

Unwanted crossing signal-
activation. -

Location of switch within CWT
approach, approach length, speed
of train. Movement of train out
of switch and onto main within
CWT approach.

Use of switch circuit controller to
place shunt across rails upon switch
reversal.
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Table 14. Summary of inhibiting factors and applicable countermeasures to
the use of constant warning time systems (continued).

Inhibiting Factor

Symptoms

Contributing Characteristics

Recommendat ions for Improved Perform-
ance (Including New Technology Where
Applicable) -

Loading of Adjacent
Channel Frequencies

‘Degeneration in frequency

propagation of adjacent
channels. :

Overlapping approaches which
mandate use of narrow band shunt
terminations.

" Use of bidirectional CWT reduces

likelihood of problem.

Avoid overlap of adjacent channels.
Adhere to placement restriction of
narrow band shunts.

Bidirectional simulation of undirec-
tional application. -

Incompatibility With
Exisiting Track Cir-
cuitry’

Precludes use of CWT,

60 and 100 Hz AC coded track or
coded cab signal circuits,

Component Failure

Disruption of constant warn-
ing functions, activation of
crossing lights.

i

Automatic transfer of control to
secondary unit in the event of pri-
mary system failure.

Frequency Limitations
in Congested Areas

Inability to utilize adequate
number of bidirectional oper-

ating frequencies.

L

Congested areas in which multib]e
crossings exist within approach
distance.

Periodic use of unidirectional unit
to isolate sections of track, allow-
ing for duplication of frequencies.




CHAPTER 4. EFFECTIVENESS OF CONSTANT WARNING TIME SYSTEMS IN REDUCING
ACCIDENTS

The selection of accident based measures of effectiveness was based
on the probable impact of providing a uniform amount of warning time,
This involved analyzing only those accidents where the roadway vehicle was
stfuck by or strikes the first unit of the train. The ratfonale behind
this analysis.was that motorists who believe that there is an excessive -
amount of warning-time will cross in front of an oncoming- train after
stoppfng or try to race the train to the crossing. Accidents where the
train was fully in the crossing and the roadway vehicle strikes subsequent
trainluhits cannot be corrected by the 1ns£a11ation of CWT systems. These:
accidents are more a result of driver inattention, excessive speed, sight
restrictions, or improper warning device operation than the influence of
train detection and control logic systems used at the crossing.

Accidents where the train struck the vehicle and where the vehicle
struck the first unit of the train were further stratified into the fol-
lowing categories:

e Characteristics of the accident.
¢ Physical ‘and operational~characteristics‘of the crossing.

Site Selection Criteria

The effectiveness of CWT systems in reducing accidents was determined
by performing analyses between different combinations of warning device
and track circuit-control logic systems. The combinations of crossing
types that were used in the ané]ysis were:

¢ Flashing lights without CWT.
¢ Flashing lights with CWT.

o Gates without CWT.

e Gates with CWT.

The site selection process was initiated by stratifying the Federal
Railroad Administration's national inventory, by crossing type, into
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categories of ADT and trains per day. Approximately 60 crossings, for
each device type, were randomly selected from the cells that maximized ADT
and train volumes. The complete inventory for each crossing was obtained
and the operating railroad and the geographic location of the crossing
were identified. Information was requested from the railroads to verify
the type of warning device and track circuit and the respective date of
installation as‘well as operational'and physical characteristics of the
crossing, when-possible, the respéctive highway agencies were also con-
tacted to request updates on the number of roadwéy lanes and ADT counts.
If verified information pertaining to the type of warning device and the
. presence of a CWT system was not received on a crossing then it was eli-
minated ' from erther analysis. A flowchart of the site selection and
verification process is presented as figufe 16. |

The number. of crossings that were veEified for each crossing type,
and subsequently used 1in the accident analysis, is summarized in table 15.
The smallest number of crossings occurs in the flashing light with CWT
category. This occurs because there are a relatively small number of
crossings that have flashing lights with CWT capabilities. - The majority
of CWT installaﬁions occur in conjunction with gates. Many of the'reb1ies
returned for flashing 1lights with CWT indicated that either CWT systems
were not in place or that gates had been installed.

Tabie 15, Number of cfossings with verified types of warning and track
circuitry devices used for accident analysis.

| | , Flashing Flashing
‘Gates with Gates Without Lights With Lights Without
CWT . CWT CWT . : CWT
Number of - 27 39 © 13 26
crossings : ‘

Measure of Exposure.

Comparative accident ana]ysis‘betweeh independent’groups requires the
use of exposure rates since the probability of an accident occurring is
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DOT/AAR National Inventory

Stratify public crossings by
gates with and without CWT

and flashing lights with and
without CWT 7

Categorize the crossing
types into increments of
ADT and trains per day.

'

, Select approximately 60 crossings
for each crossing type that maxi-
J;__ mizes ADT and trains per day

Obtain full

inventory for Request verification from railroads
each crossing '4 and roadway agencies

and identify

appropriate
agencies

verifications
‘received on
 Crossings?

Categorize
- Ccrossings on
verified data

d1t1ons exist for
at least 5

Separate for possible
further analysis

Use ADT from DOT/AAR Categorized crossings
inventory ' for accident analysis

roadway
geometrics and
- ADT updates
eceived?

yes .LUpdate geometrics and ADTs

Figure 16. Flowchart of site selection and verification process used for
~accident analysis.
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directly related to the number of available opportunities. For train-

involved crossing accidents, the number of opbortunities are represented

by the roadway volume and the amount of time that the crossing is occupied
by the train., The only exposure factors that are prominent in analyzing
the effectiveness of CWT installations are, however, roadway and train

volumes. This is due to the fact that the only accidents. that can be

reasonably associated with the effect of CWT systems are those occurring
with the first unit of the train. Defermination of train occupancy time
at the crossing is, therefore, not required. The exposure méasure used in
the andlysis to obtain the accident rate is displayed below:

(number of accidents) {
(ADT) (trains per day) (365

. 9
Accident rate = % ? 107)

5 years)

Results of Accﬁdent Analysis

A search of the computeriied train-involved accident files, provided
by the FRA, was performed for all of the crossings that were verified as
possessing the required warning and “track c1rcu1try devices. Information
pertaining to cross1ng geometrics, operat1ona1 data, and accident charac-
teristics weré coded for computer analyses. Analyses were performed on
a]1'accidents.pccuring from 1980 through 1984.

_ Summaries of accident frequency catagorized by accident characteris-
tics and physica1-operationa] characteristics are presented in tables 16
through 18, respectively., Since a different number of crossings with in-
digenous ADT and train volumes cbmprise the population of each crossing
‘category it is necéssary to normalize the - accident frequencies by the
five-year exposufe The exposure measure used for accident type and acci-
dent characteristics were based on the- total five-year exposure for each
crossing type as presented in tab1e 19. ' ‘

Analysis of physical and operational character1st1cs requ1red the ad-
ditional consideration of the number of crossings and the 1nd1genous expo-
sure that possessed the attribute belng analyzed. It was necessary, for

-ana]yéis purpases, to combine these categories that had no crossings with

[
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‘the attributes being analyzed with adjacent categories to reduce the number

~of missing values.

‘also combined with adjacent categories.

When this occurred,

When feasible those instances with zero accidents were

the exposure

rate of the adjacent categories was also used in determining the accident

“rate.

.Table 16.

A summary of the acc1dent frequency for the phy51ca1 and operat1ona1
characteristics are presented in table 20.

Summary of accident types for years 1980 to 1984.

| Accident
Type

Gates with
CWwT

- Crossing Type

Gates without

Flashing lights

with CWT

Flashing 1ights
~without CWT

Struck by
Train

Strikin

unit a
-Strikin
~unit o

1st

other _
train 2

train -0

16

17

Total

10

18

10 .

Table 17.

Summary of accident characteristics represented as frequencies.

Accident

Character-
istics

Gates With |

CWT -

Strikin
Struck 1lst Uni

Gates Without
: CWT

Strikin

Struck 1st Uni

Flashing Li%hts
With CW
' Strikin
Struck 1st Uni

FTash1ng Lights
Without CWT
Strikin
Struck 1st Uni

Driver
Action

Drove around
or through
Stopped and
then pro-
ceeded .

Did not stop

Other
Unknown

Severitz

Fatal

" Personal
injury

.Property

Damage only

WM
COCO

[ ) PN SN
OOoO—O

12 1

(X3, 7, T
TOoOOND

oo ®wW
—— o
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Table 18.

Summaryvaf accident frequency categorized by physica1'and operational

characteristics present at time of accidents.

Physical or

Gates with Gates without | Flashing lights| Flashing lights
Operational CWT CWT with CWT without CWT
~Characteris- © Striking - Striking - Striking | - Striking
tics Struck 1st unit | Struck lst unit|Struck 1lst unit |Struck lst unit
Crossing
Angle
0-29 0 0 0 0 0 0 0 0
30-60 1 0 1 0 1 0 -1 .0
60-90 7 0 15 1 4 2 16 4
Number of
Tracks ,
1 1 -0 4 0 2 0 10 0
2 3 0 10 0 2 0 5 3
3 2 -0 0 0 0 0 2 1
>3 2 0 2 1 1 2 - 07 0
Maximum
train speed
(mph)
<10 0 0 0 0 3 2 0 0
11-20 1 0 3 0 0 -0 0 1
21-40 3 0 -3 0 1 0 4 1
41-60 4 0 4 1 1 0 8 0
>60 0 0 6 0 0 0 5 2
Train Speed
Ratio
<2:1 3 0 6 0 1 0 9 3
2:1 2 0 0 0 2 1 0 0
3:1 -0 0 1 0 0 0 2 1
>3:1 3 0 9 1 2 1‘ 6 0
Switching
Ratio
0 1 0 6 0 2 0 9 3
0.1-0.9 . 1 0 0 0 0 0 0 1
1.0-1.9 1 0 0 0 0 0. 0 0
2.0-2.9 5 0 3 0 1 1 6 0
3.0-3.9 0 0 3 1 1 0 2 0
4,0-5.9 0 0 0 0 1 1 -0 0
6.0-7.9 0 0 1 0 0 0 0 0
>8.0 0 0 3 0 0 0 0 0
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Table 19, Five year total accident exposure factor (billion
vehicle-tra1ns¥ and number of crossings in each category,

Crossing Type
Gates Gates Without  Flashing lights Flashing lights
CWT CWT with CWT "~ without CWT
Number Exposure Number Exposure Number Exposure Number Exposure

27 12.40 39 14.00 13 4.39 26 8.83

With

E Table 20. Summary of the number of crossings and the five year exposure (billion -
vehicle-trains) for selected physical and operational crossing characteristics.

Crossing Gates with Gates without | Flashing 1ights | Flashing 1ights
Characteris- CWT " CWT with CWT without CWT
tics Number Exposure | Number Exposure | Number Exposure | Number Exposure
Crossing ' '
Angle
0-29 2 0.77 1 0.21 0 0 0 0
30-60 : 4 1.14 4 1.85 3 0.87 3 " 0.56
61-90 21 10.50 34 11.90 10 3.52 23 8.27
Number of
Tracks
1 - 11 4,09 5 1.72 9 3.07 8 - 2.57
4 "6 4,20 22 . 8.30 3 1.00. 8 2.62
3 L 3 1.32 9 2.99° 0 0 ) 2.16
>3 7 2.77 3 0.95 1 0.32 4 1.49
Max imum
. train speed
{mph)
<10 0 0 2 0.73 2 0.72 6 2.37
11-20 4 1.18 7 2.28 1 0.43 6 1.52
21-40 9 3.94 12 4,85 4 1.29 7 2.77
41-60 11 5.81 10 3.16 5 1.74 3 1.37
>60 3 1.45 8 2.94 1 0.22 4 0.80
Train Speed
Ratio »
<211 1 0.57 15  5.88 6 2.22 6 1.80
2:1 4 2.72 2 0.76 1 0.34 2 0.69
3:1 0 -0 6 1.97 1 0.22 10 3.33
>3:1 22 9.10 16 5.65° 5 1.60 8 3.01
Switching
i Ratio
0 4 2.12 10 3.64 5 1.8 11 3.47
0.1-0.9 4 1.97 3 0.81 0 0 6 1.79
1.0-1.9 ) 1.47 4 1.01 . 3 1.02 1 0.46
2.0-2.9 6 3.47 5 1.87 0 Q0 2 0.96
3.0-3.9 3 1.34 6 2.02 1 0.20 - 2 0.95
4.0-5.9 0 0 2 0.99 2 . 0.50 1 - 0.39
6.0-7.9 3 1.38 4 1.64 0 0- 0 0
>8.0 1 0.65 5 1.98 2~ 0.85 3 - 0.81

o
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The data:was analyzed by performing the Mann-Whitney U-test on the
accident rates. The rates were determined by adding accidents where the

vehicle was struck by the train and struck the first unit of the train.
This sum was then divided by the appropriate measure of exposure. ' This.
nonparametric test was used to determine if the independent categories of
similar warning devices with and without CWT were from the same popula-
tion. A1l of the tests were conducted at a 95 percent level of confi-
~ dence. If the two-tailed probability of occurrence from the test was
equal to or less than five percent, then it was concluded that CWT systems
had an impact on accidents. '

~ Inspection of tables 21 through 23 indicate that there were not any
significant differences at the 95 percent confidence level in the distri-
bution of accident rates between crossings with and without CWT systems.
The accident rate of crossings equipped with CWT systems was in the major-
ity of instances lower than comparable crossingé withodt CWT systems. This
difference was not large enough, however, to state with a 95 percent level
of confidence that CWT systems result in lower accident rates.

Table 21. Results of Mann-Whitney U-test on the accident rates (accidents
. per billion vehicle-trains) for accident type.

Crossing Type
: Gates Gates Flashing 3 Flashing
Accident ~ with without lights Tights
‘Type . - CWT CWT with CWT - without CWT

Struck by 3 S

Train | 0.645 1.143 1.139 1.925
Striking 1st | '

unit 0 - 0.071 ' 0.456 0.453
. Striking o ‘ : S
other unit " 0.161 0.071 0.683 : 0
Test statistic and Z=0.2014 7= 0.6457
2-tail probability P = 0.8248 P = 0.5127
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Table 22. Results of Mann-Whitney U-test on the accident rates

(accidents per

billion.vehicle-trains) for characteristics of the accident,

’Accident

Crossing Type

‘ ‘ Gates Gates Flashing Flashing
Characteris- with without lights lights
tics CWT CWT - with CWT without CWT

Driver :
Action )
Drove around .
or through 0.161 0.357 0 0
Stopped and -
then pro- o 4 R
ceeded 0.081 0.071 0 0.340
Did not stop 0.161 0.357. 1.595 1.133
Other 0.161 0.286 1.139 1.019
Unknown 0.242 0.429 0. 0.793
Test statistic and Z = 1.5910 L =0.2155
2-tail probability P =0.1116 P = 0.8294
Severity-

 Fatal 0 $0.143 0 10.227
Personal ) 7 a
injury 0.161 . 0.143 0 1.133
Property , ‘ '
Damage only 0.484 0.929 1.595 1,019
Test statistic and Z=0.2214 7 = 0.6642
2-tail probability P = 0.8248 P = 0.5066




Table 23. Results of Mann-Whitney U-test on the accident rates (accidents per
billion vehicle-trains) for physical and operational characteristics of the

crossing.
R , Crossing Type
Physical and ; , ,
Operational Gates © . Gates Flashing Flashing
Characteris- with without ‘1ights Tights
tics CWT CWT with CWT without CWT
Crossing ' ' ‘ '

Angle . , ‘ .

0-60 ' 0.523 0.485. . 0.115 0.180
61-90 0.667 1.345 1.705 . 2.418
Test statistic and - Z = 0.0000 Z=0.7746
2-tail probability’ P = 1.0000 P = 0.4386
Numbér of

Tracks , '

1 0.244 2.326 : 0.651 3.891
2 0.714 1.205 2.002 - 3.053

>3 : 0.978 . 0.762 9.434 0.822
Test statistic and Z=1.5275 . Z =0.2182
‘2-tail probability P =0.1266 : , P = 0.8273

'Maximum
train speed

(mph)
0-19 0.847 1.316 4.348 0.257

20-39 0.761 0.5619 0.775 1.805

>40 0.551 1.803 0.512 6.912
Test statistic and - Z = 1.0911 7 =0.2182
2-tail probability . P = 0.2752 P = 0.8273
Train Speed j

Ratio -

<2:1 5,245 1.075 0.450 6.667
2:1,3:1 0.735 0.366 5.319 0.747

>3:1 0.330 1,770 1.875 | 1.993
Test statistic and 7 =0.2182 Z = 0.6547
2-tail probability - P =0.8273 P = 0.5127

Switching
Ratio
0.0-0.9 . 0.489 1.349 1.099 2.472
1.0-2.9 1.214 1.042 0.980 4.222

>3 ‘ ) . 1.206 1.931 0.929
Test statistic and Z = 1.0911 Z = 0.6547
2-tail probability P = 0.2752 P = 0.5127
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CHAPTER 5. COLLECTION AND ANALYSIS OF OPERATIONAL DATA

Traffic accidents are the most aCceptab1e and widely used measure of
highway safety. However, the stochastic nature of accidents'require rela-
tively large sample sizes collected over long periods of time. This doesv
not pose a problem for locations with high accfdent frequencies but for
relatively low accident frequency locations, such as at-grade railroad
-crossings, the use of accident statistics becomes increasingly problem-
- atic. As a result of the‘recogniied shortcomings associated with using
accidents as the sole measure of safety, the accident analysis was comple-
mented by observations of driver behavior. This analysis occurred at
12 railroad crossings with the following CWT-crossing control combina-
tions: S '

e Three crosSings with automatic gates and CWT systems.
e Three crossings with automatic gates and no CWT systems.
s Three crossings with flashing lights (only) and CWT systems.

¢ Three crossings with flashing lights (oh1y) and no CWT systems.

Selection of Measures of Effectivenéss

Constant warning time systems are intended to have an indirect impact
on accidents by increasing the credibility of at-grade warning devices.
This increase ’in credibi]ity‘resuits from the ability of CWT systems to
provide a uniform amount of warning time until train arrival at the cross-
ing. The uniform warning time is intended to provide motorists with a
consistent expectation of train arrival thereby resulting in less viola-
tions of the f]ashing'1i§hts and" subsequent train accidents. The rela-
_tionship between the intended purpose of CWT systems, the intermediate
objectives and the ultimate objective of reducing accidents is presented
in the causal chain of figure 17.
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MAJOR CAUSAL FACTOR FOR 'PROJECT . INTERMEDIATE

VEHICLE-TRAIN ACCIDENTS | COUNTERMEASURE , ~ OBJECTIVES
Violation of at-grade Installation of e Reduce potential
warning devices. | constant warning delay.
. time system, o .
+ : S : e Increase compli-

MAJOR CONTRIBUTORY
FACTORS

e Excessive motorists
. delay, , —

e Motorists' impatience.

ance to crossing,

v

ULTIMATE
OBJECTIVE

e Reduce train-
vehicle accidents.

Figure 17. Causal chain for the reduction of vehicle-train accidents by
installing CWT systems.,

The co]]ection,of field data was concentrated on obtaining‘quantifi-
able measures of effectiveness that: 1) indicated if CWT systéms actually
do provide_aAdniform warning time, and 2) could be directly related to the
intermediate objectives. The measures of effectiveness selected for the

study are presented in table 24,

Table 24. Relationship of measures of effectiveness to ana]yéis
. objectives.

Purpose

Measure of Effectiveness

To determine if CWT-systems provide
~a uniform amount of warning time.

" To determine if CWT systems reduce
vehicle delay.

To determine if CWT systems result
in increased vehicle compliance to
warning devices.-

Warning time until train arrival
analyzed in conjunction with train

‘ speed.

Warning time until train arrival.

Violation rate,
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Test Site Selection Procedure -

The measures of eFfectiveness.determined as being appropriate for the
analysis of the operational CWT data required observations on motorist
action only during the -activated state. In addition, the observational
opportunities during the activated state, in most jnstances, were only
present fdr the first vehicle on each approach lane, This'necessjtated
that the .site selection praocess consider only those crossings with rela-
tively high vehicle and train volumes to maximize the observational oppor-
tun1t1es Othér key locational characteristics were desired to help en-
sure homogen1ty between analys1s sites. THis homogenity was necessary to
increase the probability that observed differences between the test sites
were due to the train detection and type of warning device and not due to
~ extraneous factors. The key locational variables for which similarities
between the 12 locations were desired included:

Sight distance to crossing flashers on the approach
Number of tracks.

Ra1]road-hlghway intersecting angle.

Sight distance along the tracks.

Roadway grade.

Elevation of railroad-highway cross1ng w1th respect to roadway
elevation.

The initial site selection process was performéd by selecting cross-
ings that had been verified as having CWT systems for the accident analy-
sis task. FEach prospective site was visited to determine if a suitable
observer refuge area, %he'proper warning device, and the correct loca-
tional variables were present, The respective highway agencies and operat-
ing kaiiroads were then contacted for those sites that satisfied all of
‘the preliminary selection criteria. These contacts provided information
pertaining to hourly roadway counts, daily train volume, train schedule,
and additional verification on the type of train detection and control
Togic present at'the site. Twelve 10cat1ons, three in each category of
train detection system and warn1ng dev1ce, were selected that max1m1zed
train and vehicle exposure.
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Field Data Collection Procedure

Data were obtained -manually with the use of radar guns and stop
watches. ‘Ohe;bhserver was placed on each crossing approach. The stop
watches were initiated upon first activation of the crossing warning
device. = The observers noted the time of vehicle arrival for the First - -
vehicle in each lane, the time of violation if the flashers were activa-
ted, the time of train arrival and departure and the speed of the train.
Violation time was recorded for each vehicle that went through the activa-
ted flashers or that drove around the gates. The time of'arriva1 for each
vehicle that had the opportunity to violate (the first vehicle in the

queue of each lane) was the time at which the veh1c1e arrived at the stop-
. bar of the approach.

Analysis of Operational Data

Effectiveness of CWT in Providing Uniform Warnindg Time

The variations in train speed represented in table 25 indicate that
acéompanying veriations in warning time could be'expected'at each cross-
ing, This variation in warning time would be proportional to the train
speed Un]ess'the trainedetection and control- logic compensated for the
~ variation. For example, for crossings without CWT capabilities, if 30 sec-

onds was the observed warning time at 40 mi/h (64 km/h) then 240 seconds
(8 times 30 seconds) would result for a train traveling 5 mi/h {8 km/h).
The track CTrCU1tS and - control Togic prevented this wide variation in
warning t ime from occurring at all of the crossings studied. Those cross-
ings that were not equipped with CWT systems  were equipped with motion
sensors. The observed instances of very low speeds were caused by switch-
ing activities in the approach circuit prior to the train entering the
'crossing The 1ower tra1n speeds were the result, therefore, of trains
~accelerating from a stop on. the approach c1rcu1t '

The effectiveness of CWT systems in providing uniform warning times
was analyzed by performing an analysis of variance {ANOVA)} and plotting
intervals of train speed versus average warning time. ‘Thé,resu]ts of the
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Table 25. Max1mum, m1n1mum, and standard deviation of train velocities
(m1/h) observed by type of crossing (1 mi/h = 1.6 km/h).

Flashing Flashing |
lights . lights Gates - Gates -
‘ : without with without with
Parameter | CWT . CWT CWT - CWT

Maximum speed 41 : 31 44 35
Minimum speed : 5 1 3 2
Standard deviation 9.3 - 17.5 17.0 - 12.9
Ratio of minimum to :
maximum speed 1:8 ' 1:31 1:15 1:18

two-way analysis of variance presented in table 26 indicate that there is
a significant difference at the 95 percent level of confidence between the
effect of the different types of croésings_oh<the average. warning times.
‘This difference was further analyzed with the Scheffe contrast test to
determine where these differences residéd. The results of the Scheffe test
rpreéented_in table 27 indicate that there are significant'differences, at
a 95 percent level of confidence between crossings equipped with and with-
out CWT systems. Crossings equipped with. CWT systems, therefore, display
different characteristics in their average warn1ng time than cross1ngs not
equ1pped with CWT systems

Table 26. ANOVA on the mean warning time (seconds) per train velocity
group (mi/h) for different crossing types. '

. Crossing Type
Speed | Flashing 1xghts - Flashing Tjghts Gates Gates
Group without CWT with CWT= without CWT with CWT=
0-5 8l.6 35.5 57.  36.3
6-10 77.6 35.0 , 47.8 32.2
11-15 80.6 27.0 49,5 . 31.7
16-20 ' 68.8 : 30.8 65.2 : 33.0
21-25 60.4 : 30.1 68.6 . 33.0
26-30 50.3 34,4 . 50.1 N 37.2
31-35 43.2 : 33.0 50.5. 29.2
36-40 - 33.0 : - 19.9 40.0 38.0
>40 48,9 - 033.0 42.0 . 38.0 .
L _ 95% critica]
A Source df SS MS -Fij value -
Cross1ng type 8 3535.2 | 441.9 2.43* 2.38
Speed group 3 1251.3 | 417.08 | 2.29 3.03
Error _ 23 4190.0 | 182.17
1/

1 mi/h =
Asterisk (*) 1nd1cates significance

- m1ss1ng va1ue est1mated to minimize SS error
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Table 27. Scheffe contrast test on the effect of crossing type on mean
: warning time (seconds), .

. Flashing ~ Flashing
Tights - - lights ~ Gates Gates
without ' with . without . with
CWT CWT CWT CWT
-Flashing lights ~

without CWT : ———- .- -———- B

Flashing lights. . - _ .
with CWT o 265.7% ' ---- ———— ————
Gates without CWT 73.2 - 192.5% ° —--- ----
Gates with CWT - 235.8% 29.9 162.6* C mee-

95 percent Scheffe contrast value = 159.3
1 mi/h = 1.6 km/h

Asterisk (*) indicates significant difference.

The values contained in table 22 were p1otted'and the linear best‘fit,
1ine regression line pbtained. An inspection of these plots, presented in.

figure 18, indicates a negativé slope for all crossing_types except for

gates with CWT. With the one exception, this indicates that as train vel- '
ocity increases, the amount of advance warning time decreases. The linear
approximation for crossings with flashing lights and CWT has the Teast
slope. The présence of ‘a truly uniform warning time would be character-
ized by a s1opé'of zero maghitude. Since crossings with CWT are closer to
the desirable 'zero slope the differences démohstrated'by the ANOVA and
Scheffe contrast tests can be interpreted as differences in uniformity of
warning time. Crossings equipped with CWT systems do, therefore, provide
a more uniform warning time to motorists.

Effectiveness of CWT in Reducing Warning Time Violation

 Each of the crossings at which data was collected were located on
fe1ative1y high volume roadways. _The high volumés resulted in a queue of
vehicles on ea¢h approach lane, at every test crossing, during activation
of the_warhingjdevices. The occupied rogdway approdches resulted in the
number of oppdrtunities for vehicles to proceed through“the act ivated
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warning. devices (violations) to be similar, per unit of time, for each
test site. Since the violation opportunities are time dependent, however,
a greater numbér~of,opportunities exist when the amount of time from de-
vice activation to train arrival is increased. |

The effectiveness of CWT systems in reducing violations of the warn-
ing systemvwas'déterhined by analyzing violations in conjunction with both
the total amount of warning time and the time from vehicle violation to
train arrival. There were a large number of violations especially at
those Tlocations that were not equipped with CWT systems. Inspectiqn of
table 28 indicates that the majority of these violations occurred when the
amount of warning time exceeded 50 seconds. This occurred even at those
locations where motorists had to drive around the gates. There is a defi-
nite increase in the number of violations for crossings with flashing
Tights and no CWT, when the total warning time exceeds 35 seconds.

" Table 28. Observed violations of the activated warning device
categorized by total warning time for different crossing types.

Number of Violations by Crossing Type
Flashing Flashing

‘ , lights . lights = Gates Gates

Total Warning = . without with without with
Time (Seconds) CWT ' CWT CWT CWT
11-15 0 0 2 0
16-20 0 0 1 0
21-25 . 3 0 1 0
26-30 7 33 5 2
31-35 : 6 30 1 ' 14
36-40 } 25 27 2 4
41-45 4] 4 4 0
- 46-50 22 0 9 0
>0 265 -0 192 0
Totals - 369 94 217 . 20

A summary of the amount of time remaining from vehicle violation (the

rear of the vehicle cTéaring the tracks) until the train entered the cros-

.sing is presented in table 29. It is interesting to note that five of
these observations included clearance times of less than six seconds.
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Tab]é 29. Observed violations of the activated warning device and
cumulative proportions categorized by time until tra1n arrival for
o d1fferent crossing types

. Number of Violations by Crossing Type
Flashing Flashing S
: .lights lights Gates Gates
Time until train - without with without with
arrival (seconds) CWT CWT CWT © CWT
0-5 . 1 1 0 3
6-10 17 , 4 3 2
11-15 o 34 13 13 4
16-20 - 30 ' 26 , 13 4
21-25 35 20 18 6
26-30 - 38 19 17 1
31-35 ' - 29 10 : 11 0
36-40 .29 1 . 20 0
>40 ' 156 0 122 0
Totals ' 369 94 , 217 20

The Kolmogorov-Smirnov two-sample test was used to determine if the
violations observed at crossings with CWT systems exhibited the same pop-
ulation characteristics as those obtained at crossings without CWT sys-
tems. . The analysis was performed by compafing- crossings with similar
types of warning devices. The_ana1yse§ for violations occurring within
categories of total warning time are presented in tables 30 and 31. Simi-
lar analyses for violations by time before train arriva1 are presented in
tables 32 and 33. Each of these tests indicate, at the 95 percent level
of confidence, that there are significant differencés between crossings
with comparable types bf warning devices, equipped with and without CWT.
CWT systems reduce the number of violations and, because they provide a
more uniform amount of warning time, result in. a greatér proportion of
. vio]ations7occurringrwith,sma11er clearance time (interval of time between

a vehicle clearing the tracks and the time of train arrival) than'cFOSS-
ings without CWT systems The majority of vehicles that violate the warn-
ing devices at crossings equipped with CWT systems are, therefore, exposed
to an 1ncreased probability of being struck by a train than violators at
crossings without CWT systems. The number of violators is, however;,mUCh
“smaller at crossings with CWT systems.
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Table 30 Ko1mogorov -Smirnov test on the number of violations occurring

w1th1n categories of advance warning time (seconds) for
‘ crossings equipped w1th gates.

Total "~ . Gates Without CWT Gates With CWT Absolute

Warning f : , Differences
Time " Cumulative : Cumulative |in Cumulative

Interval Occurrences Occurrences | Occurrences Occurrences | Occurrences
0-5 ae-- e-- -e-- ---- ----
6-10 | --- T ae-- Cemee e S
11-15 2 0.009 .- 0.000 0.009
16-20 1 - 0.014 ——em 0.000 0.014
21-25 1 0.018 ——— . 0.000 0.018
26-30 5 0.041 2 0.100 0.059
31-35 il 0.046 14 0.800 - 0.754
36-40 2 0.055 4 ~1.000 0.945
41-45 4 S 0.074 -———- ©1.000 . 0.926
46-50 ‘9 . 0.115 -—-- 1.000 0.885
“>50 192 1.000 -———- 1.000 . - 0.000
Total 217 20

‘Maximum difference = 0.945 95 percent critical K-S value =0

.318

Table 31. Kolmogorov-Smirnov test on the number of violations occurring within -
categories of advance warning time (seconds) for cross1ngs
equ1pped with f]ash1ng lights.

- 78

Total - Flashing Lights With CWT | Flashing Lights Without CWT{ Absolute
"Warning ‘ Differences
Time . ~ Cumulative ‘Cumulative in Cumulative
Interval Occurrences Occurrences | Occurrences Occurrences Occurrences
21-25 3 0.008 ———— 0.000 0.008
26-30 7 0.027 33 0.351 0.324
31-35 6 ©0.043 30 0.670 0.627
26-40 | 256 . 0.111 27 0.957 0.846
41-45 a1 - 0.222 4 - 1.000 0.778
-46-50 22 . 0.282 -———- 1.000 0.718
>50 265 1.000 ---- 1.000 0.000
Total 369 94
Max imum diffe}ence = (.846 95 percent critical K-S va1ue~=,0.157



Table 32. Kolmogorov-Smirnov test on the time (seconds)from vehicle
violation until train arrival for crossings equipped with gates.

Time from :

Violation} Gates Without CWT Gates With CWT Absolute
Until ‘ Differences
Train Cumulative Cumulative in Cumulative

Arrival |Occurrences Occurrences | Occurrences Occurrences Occurrences
0-5 ---- ———- 3 0.150 0.150
6-10 3 0.014 . 2 0.250 0.236

11-15 13 0.074 4 0.450 0.376

16-20 13 0.134 4 0.650 0.516

21-25 18 0.217 6 0.950 0.733

26-30 17 0.295 1 1.000 0.705

31-35 11 0.346 ———— 1.000 0.654

36-40 20 0.438 ———— 1.000 0.562
>40 122 1.000 ———— 1.000 0.000

Total 217 20

Maximum difference = 0.73 95 percent critical K-S value = 0.318

Table 33. Kolmogorov-Smirnov test on the time (seconds) from

vehicle violation until train arrival for crossings

equipped with flashing lights.
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Time from . _

Violation|Flashing Lights Without CWT|Flashing Lights With CWT| Absolute
Until o ' , ‘ Difference
Train Cumulative Cumulative in Cumulative

Arrival |Occurrences Occurrences Occurrences QOccurrences | Occurrences
0-5 1 0.003 1 0.011 0.008
6-10 17 .0.049 4 \ 0.053 0.004

11-15 34 0.141 13 - 0.191 0.050

. 16-20 30 0.222 26 0.468 0.246

21-25 35 0.317 20 0.681 0.364

26-30 38 0.420 19 0.883 0.463

31-35 - 29 0.499 10 0.989 0.490

36-40 29 - 0.577 - 1 .1.000 0.423
>40 156 1.000 ---- 1.000 -0.000

Total 369 94

Maximum difference = 0.490 95 percent critical K-S value = 0.157.




CHAPTER 6. g#g%g:@TIVE SOLUTIONS TO THE USE OF CONSTANT WARNING TIME

Alternative solutions to the use of CWT systems can be categorized
into the general formats of hardware and nonhardware soTut1ons . The hard-
ware solutions consist of both-ontrack and offtrack train detect10n refine-
" ments and innovative technigues. Research is continually taking place to
determine what improvements in hardware components will further reduce the
effects of varying ballast résistance, induced voltages, electrical surges,
and high power consumption. Innovative techniques to detect train presence
by pressure, noise, vibration, deflection, force, frequency, wheel dec-
tectors, sonaf, radar,'beam interruptibns, inductive loops and microwave
transmission are examples of hardware based concepts that have been inves-
tigated for feasibility and dependability.’ '

Nonhardware solutions consist primarily of operational or physical
changes to the crossing, train or roadway environment, The feasibility of
the ndnhardware alternatives was the emphasis of this study These alter-.
natives were identified by conduct1ng a IIterature review and through meet-
ing with ra11road personnel.

Nonhardware A!ternatives Identified Through'a Literature Review

‘ The primary emphasis on nonhardware a1ternat1ves in the current liter-
- ature 1is on grade separat1on and motorist education.

Grade Separation

Physicaljy separating the roadway and railroad is an effective, but
cost-intensive method of reducing delay and vehicle-train accidents. The
reduction in vehicle-train accidents is, however, often offset by an in-
crease in fixed-object accidents, | \

In a study conducted in Ohio, Wilde determined that twice as many
accidents occur at grade separated locations, including train and non-train

involved accidents, than occur at grade .crossings with a severity index
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Accident Reduction'Factor

that ‘is approximately .equa].[lz] Hopkins noted that active warning

~ devices have approximately the same effectiveness as grade separated

crossings 1in reducing accidents when both train and nontrain-involved:
accidents are taken into consideration.[lz] In a subsequent study
Hopkins compared the accident reduction capabilities and costs -for dif-

ferent grade crossing scenarios, as presented in figure 19.[13]

o~
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Figdre 19. Estimated effecﬁiveness and cost[?gltypical
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Moforist Education

Prior studies indicate that many drivers do not look for trains when
approaching a grade crossing.. wigg1esw6fth determined that approximately
one-third of observed drivers did not look for trains even at crossings
with no active warning devices. His study concluded that the differences
observed in speed and head movements between observation times with trains
and without trains was sma11.[14]

Hopkins noted that, in order to decrease fatalities, it is not only
necessary that motorists see the warning device, but also understand its
meaning and act accordingly.[lz] Sonefeld concurs, stating:[15]

Unlike mény other highway-safety topics, very little, if any, atten-
"tion has been given to rai]-highway crossings in driver education or
driver licensing courses. About two years ago, a national study in driver
license manuals showed that some states almost completely avoided the sub-
ject and, even worse; some states actually gave misinformation about pro-
cedures at grade crossings. -

Nonhardware Alternatives Identified = Through Meefings' With Railroad
Personnel ‘

Information was‘requestedrfrqm railroad personnef during a meeting of
the American Railway Engineering Association (AREA) on March 27, 1985.
Time was allocated after a regularly scheduled ‘session to provide partici-
pants with a.éet of honhardware alternatives tq'the installation of CWT
devices. Each optioh was explained fully and an open-discussion on the
advantages, disadvantages, and variations of each alternative was cqn¥
ducted. The:participants were then requested to rank each altérnative
accokding to their perceived effect iveness and- feasibility. The process
resulted in .fhe identification and ranking of additional alternatives.
The results of the responses are presented in figure 20. ‘

Uniform Train Speeds

The prevé]ent opinion expressed during the discussion was that varia-
tions in train speed exist due to operational necessities. Reducing the
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Figure 20. Nonhardware alternatives to the installation of constant warning time devices.
Perceived . Perceived
Feasibility . .Effectiveness
Options 1l 2 3 4 5 1 2 3 4 5 Comments
Uniform 6 6 3 0 0 3 2 1 6 4 a. In certain areas with a uniform mix
Train - : ' ' ' of trains, train speed may be easier
Speeds. to adjust.

b. The railroad attempts to maintain
uniform speed whenever possible. Due -
to switching operations and sidings,
it is not possible in several cases.
Also, different types of trains cause
speed variations. :

c. Feasibility, in general, cannot be

determined. Could vary from 1 to 5.

We have agreed, in some instances,
that constant warning devices were
unneeded since train speeds were
relatively constant at the location;
however, there will still be some
variance.

. Not feasible to slow Amtrak to fre{ght

train speed.

p—

Leaétrfeasib]e or effective.
Most feasible or effective.
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Figure 20. Nonhardware alternatives to the installation of constant warning
: time devices (continued). '
Perceived Perceived
Feasibility Effectiveness
Options 1 2 3 4.5 1 2 3 4 5 Comments

Decrease 12 1 2 0 O 4 3 5 1 2 . Have to serve industry/Shipper needs.
- in Switch-. S ' ' L : .
ing . Due to "nature of the beast", we need

flexibility to switch when needed
unless you want to relocate a yard or

‘industry, very expensive.

. Feasibility, in general, cannot be

determined, could vary from 1 to 5.

. Relocation of crossing from switching

area would. be more practical and ,
efficient than decreasing switching

‘operations.

. Relocate crossing location.

[Sal

Least feasible or effective.
Most feasible or effective.
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Figure 20.

Nonhardware alternatives to the installation of constant warning

time dev1ces (cont1nued)

Options

1

Perceived

Feasibility

2 3

4

5

1

Ef fect iveness
4 .

Perceived

2 3

5

Comments

Shifting
Time of
Switching
Operations

. Time of switch often dictated by'an'

industry with ]1tt1e control by

'ra]lroad

. Concern for employee safety‘ét night.

Conducting switching activities at
night would result in railroad employ-
ees working under unfavorable visi-
bility conditions. Motorists would.
also be subjected to trains occupying
the crossing during hours of restricted

~visibility.

. Could help, if poésible,'if done at

times of low ADT. Probably not

-feasible.

. Might make crossing safer, but could

also make switching operat1ons more
d1ff1cu]t

. Could be cons1dered only at se]ect1ve

locations where rush hour vehicle

traffic could be involved and switch

yard nearby.

I3, JN

teast feasible or effective.
Most feasible or effective.
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Figure 20.

Nonhardware alternatives to the 1nsta11at1on of constant warning

- time devices (continued).

1

Perceived.
Feasibility
2 3 4

1

Perceived
Effectiveness

Options

Cost

Intensive
Grade
Separation

5

> 3 4 5

0 0 0 15

. Ideal,

Comments

. Also consider closing crossing or

relocate roadway.

. May be needed anyway, but this would

seldom be primary reason for do1ng SO.

but not practlca]

Relocation

of Rail-
road yards

15

13 1 0 0

. Yards were initially placed away from

cities. What is to stop the city from
coming to the yard again?

. Too costly.

. A1l approach tracks would need to be

relocated.

. Most switching operations that cause

traffic problems do not occur at the
yard.

Who is going to supply the land and
money?

Least feasible or effective.
Most feasible or effective.
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Figure 20. ‘Nonhardware alternatives to the installation of constant warning
time devices (continued).

- Perceived

Perceived
Feasibility Effectiveness o
Options 1 2 3 4 1 2 3 4 5 Comments
Reconfigur- 13 2 1 0 ° 15 1 0 0 0 . Most switching operations that cause
ation of traffic problems do not occur at the
Railroad yard -- leave the yard alone.
Yard , :
. Not very feasible.
. Would be easier'to move the roadway.
. Feasibility, in general, cahnot be
determined. Could vary from 1 to 5.
Relocation [l6 .0 0 O 15 1.0 0 O . Location ‘of switching operation is
of Switching largely dependent upon the location
Operations of customer facilities.
. Low train speeds not always due to
~switching. ' ' -
. Disruptions to traffic should be
considered by government people when
approving construction plans for
manufacturing p]ants. :
. Not very feasible.-
1 = Least feasible or effective
5 =

Most feasible or effective
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Figure 20.

Nonhardware alternatives to the installation of constant warning
time devices (continued).

Perceived

~ Perceived
: , Feasibility Effectiveness :

Options 1 2 -3 4 5 1 2 3 4 5 ~ Comments

C]dsé or 727 6 6 0 02 3 3 6 0 . 'May be best alternative of all.

Relocate ' ' : , _

Crossing . Railroads should analyze effects of

locating sidings near grade crossings
. Feasibility, in general, cannot be
determined. Could vary from 1 to 5.

1 = Least feasible or éffectfve
5 = Most feasible or effective




variation in train speeds was not,”therefore, cohsidéked as being a viahle
“alternative by the majority of participants. This was especially true in
those instances where the line was used by both freight and passenger
trains. _Often,'the'operating entity for the freight and passenger move-
ments are different companies sharing the line., Any decrease in speed
variations would not only be infeasible from the operational aspects, but
would require cooperation between the operating entities.

The open discussion revealed that one possib]e reasonufor excessive
warning time is imposed speed limits. Fixed distance train detection sys-
tems are designed to proVide a minimum amount of warning based on the
fastest train. If the crossidgs within a certain political jurisdiction
were designed to provide 30 seconds of warning for. a maximum ﬁpeed of
60 mi/h (96 km/h) and a speed limit of 30 mi/h (48 km/h)‘is.imposed on the .
© train, then the amount of'advance warning increases to 60 seconds. This
is analogous to an artifical variation in train speed.‘ Impositibn of
speed Iimjts should, therefore, be accompanied by adjustments to the train
detection circuitry at every crossing affected by the imposed limit. This
is, however, often not accomplished due to manpower constraints and the
~ associated cosf. The opinion was expressed that if decisions on maximum
train speeds are made by pub1ic'agencies, then those agencies, and not the
rai]rdads, ishou1d incur any costs 'assotfated with requisite circuitry
modificatiors. This was considered as being justified, since the imposed
~limits already impatt the railroad monetari]y:through increased operating

costs. '

Decrease in and Shifting Time of Switching Operations

These were presented as two different alternatives to the partici-
‘pants. The opinions expressed for decréasing switching operations and
shifting the time of switching operations were similar, however. The pré-
valent issue of discussion_concerned customer needs. Relatively large
manufacturing4p1ants, for example, request service at specific times to
coincide with the scheduling of personnel and production needs. The rail-
roads do not, theréfore, have total control oVer‘the train schedules. A
couple of examples were given where the manufacturing plant requests train
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movement during the time of shift change to reduce employee idle time, -

These p]ants are located such that the tra1n movements result in large
delays to major arterials, Since the train movements caincide with shift
changes, the valumes on these arterials are at a maximum. These delays
have become solpre0a1ent at,these\plents that employees reporting for work
typically arriye early enough to miss the anticipated congestion,

An expressed concern with regard to shifting the time of switching
operetions was - the possible adverse safety impact on the railroad employ-
ees, The maJor1ty of the railroad personne1 believed that shifting the
time indicated more nighttime work which is inherently more dangerous. [t
was also expressed that shifting the time of switching operations in the

yards would be'operatibnally impractical. Many of the freight trains are

scheduled to run at n1ght which, due to decreased roadway volumes, resu]ts
~in less overal] delay. Running the trains at night, however, requ1res
that the units of the train be coupled during the day.

Gfade Separation

The majorfty of participants believed that while this alternative
would be very effective, it was not very feasible. The problem with
feasibility Was prﬁmari]y centered around the costs of construction and
maintenance. It was expressed that the high associated costs were not
warranted by merely providing a uniform warhing time. Providing a uniform
warning time was‘Spated'as-one concern that was evaluated in conjunctioh
with other'factors in determining the need for a grade separation. Pro-
v1d1ng a un1form warn1ng time would rnot, however, be the sole criterion td
Jjustify the 1arge expend1tures requ1red

Relocation and~Reconfiguration of Railroad Yards

The opinion was expressed by the participants that most of the prob-
lems. to ‘roadway_ traffic ceused by switching operations are not at the
location of the ‘switching yards. The primary points of conflict occur
when material is being loaded and unloaded at the consignment points. The-

main fault, contended the participants, Was that inadequate planning was
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being performed in thevdesigﬁ of customer facilities. It was suggested
that governmental authorities, responsible for approving site plans, pay

‘greater attention to the possibilities of traffic disruptions caused by
switching operations. o

[t was also expressed that any yards or customer facilities that are
cUrrently experiencing problems are most likely the resu]t'of urban;expah-
sion. Switching yards are usua]ly'constructed in rural or urban fringe-
locations to decrease costs and minimize community diéruptioqs. In some
instances, urban growth has resulted in previously rural yards being com-
pletely surrounded by the urban community. If the railroad has to pay the
cost of relocating, they are essehtia]ly being penalized for helping to
foster the ‘communities' economic success. . In some instances, communities
haVe contributed land and tax incentives in exchange for yard relocation.
This was the only way in which some of fhe participants could envision the
feasibility of relocating the switching yards.

'/If the yards are relocated, the tracké approaching the yard must also
be relocated, If the new yard is not positioned along the current- right-.
of-way, then new track alignment and accompanying right-of-way must be
acquired. Relocating yards is, therefore, not only very expensive, but
requife_extensive'p1anning to minimize the impact on other parts of the
community, '

Close or Relocate the Crossing

This alternative was the most acceptable in terms of both perceived
feasibility and effectiveness. This is understandable, since it places
the primary respohsibi]ity for remedial action on the roadway authorities.
The feasibility probably would not have been rated as high if the evalua-
tion had been performed by individuals with the primary responsibility of
maintaining the roadway network. |

Alternatives Identified Through Railroad Surveys

The surveys forwarded,to‘the‘railroads described in chapter 2, con-
tained queries pertaining to CWT alternatives that had been used by the.
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rai]roéds.' These responses summarized in figures 21 and 22 indicate that
the installation of timing circuits was performed in addition to chahging
the time of switching operations. The majority of the fesponses, however,
indicated that no action was taken. ' :

' Number of
Question Summary Response Summary Responses

What alternatives to the | a) None. : 3
installation of CWT b) No response. 1
devices have been tried? | c) Timing sections, : 1
‘ o d) Style "C" track circuits 1

with time out circuits.

Figure 21 Summary of survey responses perta1n1ng to constant warning
time alternatives from railroads identified as users of constant
warning time systems.,

, - Number of
Question Summary Response Summary " [Responses .
What alternatives to a) Modifications to con- 1
the installation of CWT . ventional timing cir- ‘
devices have been used? cuits.
, b) Installation of fore- 1

stalling devices.

c) Changing times of switch+
ing operations.

d) None.

NN

Figure 22. Summary of survey responses pertaining to constant warning
time a]ternat1ves from railroads identified as nonusers of constant
- warning time systems.
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CHAPTER 7:- CONCLUSIONS

The conclusions presented below are based on the results of the proj-

ect ana1y51s, observations made dur1ng the study, and the literature re-

view:

No quantitative guidelines, established by either the States or
railroads, could be identified that would help prescribe when CWT
systems should be installed. <Considerations that are involved in
determining the need for CWT installations include switching acti-
vity, AADT, maximum speed, and train speed variation. What limits
are necessary on each or on any combinations of these variables to
Justify installation is apparently judgmental and exerted on a
crossing-by-crossing basis. : '

Some States have recommendations on the maximum amount of warning

~time which is permissible from device activation until train ar-

rival, These maximum time recommendations vary from State to
State with noted examples being 35, 40, and 60 seconds. This rep-
resents train speed ratios of 1.75:1, 2:1, and 3:1, respectively.

The verification process and subsequent statisticaT tests indica-
ted that the FRA inventory was not accurate in identifying loca-

- tions with CWT installations. The primary reasons. for this dis-

crepancy are envisioned as the inherent problem in distinguishing
between motion sensors and CWT devices and upgrades to the cross-
ing equ1pment that were not posted to the 1nventory

Some of the factors 1nh1b1t1ng the 1nsta11at1on,of CWT systems are
based on perceptions of cost, dependability, and compatibility
formed from problems with early CWT models. Many of these prob-
Tems have been resolved and are not more prevalent in current CWT

models than in other train detection and control logic systems.

CWT systems are effective in providing a uniform warning time and
in reducing motorist violations of the activated warning devices
at the crossing,

. The comparat1ve analysis of veh1c1e train acc1dents occurr1ng from

1980 through 1984 indicated that crossings with CWT systems have a
lower accident rate than crossings without CWT. This difference

- was not, however, large enough to be statistically s1gn1f1cant at

the 95 percent confidence level,

Estimates based on information supplied by manufacturers indicate

that. there are approximately 6,300 c¢rossings, nationwide, current-
1y equipped with CWT systems., The actual number of crossings with
CWT capabilities could, however, be higher due to the use of timed

‘circuits by some rax]roads
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® Results of the discriminant analysis indicates that 19,400 cross-
ings may require CWT capabilities. Applying this estimate in con-
junction with an estimated 6,300 crossings already having CWT
capability indicates that an additional 13,100 crossings may re-
quire CWT systems, Descriminant analysis was performed on groups
of crossings with verified train detection and control logic sys-
‘tems. The accuracy of the decriminant function was not, therefore, .
dependent upon the accuracy of the national 1nventory in specify-
ing crossings with and without CWT systems. The accuracy of the
number- of crossings that may require CWT systems is, however,
based on the primary assumptions that: 1) the natienal inventory
is accurate with regard to physical and operational characteris-
tics, 2} CWT systems are compatible with the environment at each
crossing, 3) alternative countermeasures are not feasible,.4) the
physical and operational conditions currently represented in the
national inventory were present when the CWT systems were in-
stalled, and 5} there are no crossings currently with passive
warning devices which require active devices installed in conjunc-
tion with CWT systems. The use of discriminant analysis to deter-
mine the magnitude of CWT need on a national basis was considered
as the most advantageous approach. ~The relatively large number of
necessary assumptions, however, indicates that the resultant esti-
mate should be used with caution.

¢ The characteristics of the independent variables used in the dis-
criminant function exhibit significant operation differences
between the group of crossings with and without CWT devices. This
indicates that while specific installation criteria in use by the
railroads could not be identified, operational abnormalities do’
exist which prompt the use of CWT systems '

] The modu1ar design and se1f diagnostic capab111t1es of modern CWT
systems reduces the maintainance expertise former1y ‘required by
purchasers of CWT systems.

° Operational and physical crossing characteristics can combine to
complicate the proper installation and operation of CWT systems.
Often these factors can become so convoluted that assistance from
signal engineers with CWT experience must be obtained. There are
virtually no instances, however, where the combination of inhibit-
ing factors cannot be addressed by appropriate countermeasures.

o The relijability of CWT systems and the mean time between failure
has increased dramatically with the newer models.

e Some railroads combine a series of fixed-distance and motion sens-
~ ing systems with time-out circuits to prov1de a quas1 -constant
warn1ng time system
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Railroad personnel indicated that the most prevalent problems with
CWT systems are low ballast resistance and component damage due to
electrical storms. These problems are, however, common to all
track circuit systems. ) :

The nonhardware alternative to the installation of CWT systems

that was most attractive to railroad personnel was the closure or
relocation of the crossing. :

95



CHAPTER 8. . REFERENCES

1.

10.

11.

R.L. Monroe, D.K. Munsell, and J.T. Rudd, Conétaht Warning Time
Concept Development for Motorist Warning at Grade Cross*ngs,'UT;‘

DOT, Federal Railroad Administration, Washington, DC, 193L.

Ra11 -Highway Grade Crossing Act1dent/1nc1dent and Inventory Bulletin,

. b, Federal Highway Adm1n1strat10n, Office of Safefy“wash1ngton,,

C Uune 1984,

Manual of Uniform Traffic Control Devices, U.S. Department of Trans-
pertation, rederal Highway Adm1n1stratfbn Washington, DC, 1978,

C.L. Duvivier, L.M. Rogers, W. Sheffeld, and H.J. Foster, Potential
Means of Cost Reduction in Grade Cross1ng Motorist- Narn1ng Control
Equipment, U.S. DOT, Federa1 Raiiroad Adm1n1strat1on washington, DC,
'?iiﬁmiiF‘T977

D.S. Glater, and T.K. Mand, Legal Effects of Use of Innovative Equip-
ment at Railroad-Highway Grade Crossings on Raillrgad’s Accident

L1ability, U.S, Department of Transportation, Transportation Systems
Center, Cambridge, MA, October 1979. ’ ‘

D.F. Remaiey. Credibi]ity and Reliability Through Engineering, paper
presented  at the Florida Department of Transportation Annual Secre-
tary's Conference, May 1984.

A.d. Cafey, "Basic Track Circuit Limitations,"” Bulletin 261, ‘west1nq-
house Air Brake Co.,. Un1on Switch and Signal Division, P1ttsburgh
PA.

J. Heisler and J. Morrissey, Rail-Highway Crossing Warning Device

Life Cycle Cost Analysis, U.S. DOT, Federal Rajilroad Administration,

Washington, DC, September 1980.

F.v. Blazek, Track Circuits Characteristics Associated with Motion.

“ Monitor, west1nghouse Alr B?‘Eé‘tb , union Sw1t¢ﬁ’and’Sﬁgna1 Division

Pi ffsEurgh PA 1975.

Safetran Systems Corp., Mode1 600 Motian Sensor/Grade Crossing Pre-

dictor Application Guidelines, March 1982.

6.J.S. Wilde, L.J. Cake, and N.B. McCarthy, An Observational Study of

Driver Behavior at Signalized Railroad Crossings, Canadian [nstitufe

of Guided Ground Transport, Queen's University, Kingston, Ontario,

November 1975,

96

w {0

o



12.
13.
14,

15.

J.8. Hopk1ns, "Techno]og1ca1 Aspects of - PubT1c Respons1b111ty for
Grade Crossing Protection," Transportation Research Record 514, Trans-
portation Research Board, Washington, OC, 1978

J.B. Hopk1ns and Morrin E. Hazel, A- Methodolo for Determination of
Grade Crossing Resource- A11ocat1on Guidelines, prepared for 0.S. oot

- Federal Railroad Administration, Wash1ngton DC, August 1975.

£.C. Wigglesworth, "The Effects of Local Know]edge and Sight Restric-
tions on Driver Behavior at Open Railroad Crossings," Journal  of
Safety Research, Vol. 10, No. 3, 1978.

O.F.—Sonefe]d, “Ra11road Highway Grade Crossings: Not Just an Engi-

" neering Problem,” Transportation Research News 91, Transportation

Research Board, Wasnington, DC, I980.

97



A ]



