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1. INTRODUCTION 

1. 1 PURPOSE 

This guide is intended to provide interested users with complete 

information for application of the DOT Rail-Highway Crossing Resource 

Allocation Procedure. 

1.2 BACKGROUND 

The Highway Safety Acts of 1973 and 1976 and the Surface Transportation 

Assistance Act of 1978 provide funding authorizations for individual states to 

improve safety at public rail-highway crossings. Safety improvements 

frequently consist of the installation of active motorist warning devices such 

as flashing lights or flashing lights 1,i th gates. In support of these safety 

efforts, several projects have been undertaken by the U.S. Department of 

Transportation (DOT) to assist states and railroads in determining effective 

allocations of Federal funds for rail-highway crossing safety improvement. 

One of these projects concerns development of a resource allocation procedure 

that determines crossing safety improvements that yield the greatest accident 

reduction benefits based on consideration of predicted accidents at crossings, 

the cost and effectiveness of warning device options and the budget limit. 

Two analytical methods have been develoµed as µart of this procedure. Their 

development followed completion of a joint U.S. DOT-AAR (Associ,,tion of 

American Railroads) National Rail-High,1ay Crossing Inventory (hereaf'ler 

referred to as The Inventory), which numbered and collected inventory 

information for all public and private crossings in the United States. (Ref. 1) 

The first analytical method included in the resource allocation procedure 

is the DCJT acciaent prediction formula, wl1icli computes the expected number of' 

accidents at crossings based on information available in The Inventory and 

crossing accident data files. The second analytical method is a resource 

allocation model designed to rank crossings for improve1:1ent on a cost

effective basis and recoi;1mend the type of warning device to be installed. 



This guide provides complete information on how to use these two analytical 

methods, ~hich together comprise the DOT Rail-Highway Crossing Resource 

Allocation Procedure. 

1.3 ORGANIZATION OF GUIDE 

Chapter 2 provides a technical overview of the DOT Resource Allocation 

Procedure and its two major elements, the DOT accident prediction formula and 

the resource allocation model. 

Chapter 3 describes the purpose, develoµnent and characteristics of the 

DOT accident prediction formula. 

Chapter 4 describes the resource allocation model and its data 

requirements. 

Chapter 5 discusses procedures for use of the DOT Resource Allocation 

Procedure. A sample application is provided as a means of demonstrating its 

use for different situations. 

2 



2. DOT RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION 

PROCEDURE - UVERVIEW 

There are currently about 215,000 public at-grade rail-highway crossings 

in the United States. At an average cost of approximately $50,000 per 

installcition, there are insufficient funds available to install automatic 

warning systems at each of these crossings. 'i11e DOT Resource Alloc3tion 

Procedure was designed to assist in determining how limited safety improvement 

funas should be allocated to specific crossings and warning device 

improvements to achieve the greatest accident reduction. 

Figure 2-1 illustrates the basic functions of the DOT Resource l\llocation 

Procedure. Inventory information and the accident histories of the individual 

crossings being considered are used by the !JOT accident prediction formula to 

provide a list of crossings ranked by the estimated number of accidents that 

will occur at each crossing. State crossing programs commonly use such 

rankings, produced by various formulas, as a basis for determining safety 

improvements; i.e., crossings are improved in the order of their predicted 

accident levels, with the crossing having the highest accident rate treated 

first and so forth. However, if the program objective is to achieve maximum 

accident reduction for a given total cost, this procedure must be extended to 

consider the different warning device options which are available for each 

crossing and their differing costs and effectiveness for reducing accidents. 

For ex;,mple, installing a flashing light at the crossing with the tenth 

highest accident rate might yield a higher accident reduction/cost ratio than 

installing an automatic gate at the most hazardous crossing. Consequently, 

the resource allocation model uses the predicted accidents at each crossing 

together with information on tlie safety effectiveness and costs of alternative 

warning device improvements and the funding level available to determine the 

most cost-effective set of improvement decisions; i.e., which crossings to 

improve and the types of warning devices to install at those crossings to 

·result in the greatest accident reduction given the available funding. 

3 
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The DOT Resource Allocation Procedure does not dictate final decisions for 

crossing improvements, but does recommend programs to aid in making informed 

dee i sions. As an analytical procedure, its' recommendations are dependent on 

accurate input data and assumptions. Errors in The Inventory-and assumptions 

regarding warning device cost and effectiveness may cause inappropriate 

recommendations. To ensure accuracy of the input data, they should be 

validated by a diagnostic team as part of their normal duties in making field 

evaluations of recommended improvements. While in the field, the diagnostic 

team should also make note of other considerations that may impact final 

improvement decisions but are not included in the resource allocation 

procedure. These considerations include highway congestion, school bus and 

hazardous materials traffic, restricted sight distance, and other unusually 

hazardous, costly or mitigating characteristics of individual crossings. A 

procedure for performing this evaluation is described in Section 4.2.5. 

Results of the resource allocation procedure, findings of the diagnostic team, 

inclusion of any state warrants and the judgement of state and local officials 

should all be considered before final improvement decisions are made. 

The primary role of the resource allocation procedure is to assist states 

and railroads in developing crossing safety improvement programs. The first 

stage in developing these programs is usually to prepare a list of candidate 

crossings for safety improvements. To assist in preparing this list, the DOT 

accident prediction formula can be used to rank crossings by predicted 

accidents to identify hazardous crossings potentially needing safety 

improvements. The resource allocation model can then be used to evaluate 

alternative programs for improving these crossings. For example, the impacts 

on program benefits of changes in key program parameters such as budget 

limits, warning device installation strategies (e.g. flashing lights only, 

gates only) and warning device cost and effectiveness assumptions can be 

determined. Analysis of these results will help in deciding upon budget 

levels for crossing improvements and in determining the effectiveness of 

implementing state warrants specifying installation strategies. Once key 

program parameters have been decided upon, the resource allocation model will 

provide an initial recommended program, based on cost-effectiveness 

considerations, for review by the state. The procedure is also useful for 

railroads in providing recommended uniform improvement programs over their 

entire rail systems that pass through several states. 

5 
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Initial results of the resource allocation procedure provide useful 

guidance·to diagnostic teams by specifying crossings with recommended 

improvements that should be field inspected and data that must be checked for 

accuracy. Using the field verification procedure described in Section 4.2.5, 

diagnostic teams can determine revised cost-effective improvement decisions 

for particular crossings where original data were found incorrect. The 

revised results obtained by the diagnostic team then form a useful basis upon 

which state and local officials can finalize crossing improvement programs. 
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3. DOT ACCIDENT PREDICTION FCR:-IULA 

3.1 INTRODUCTION 

Many crossing haz;jra furrnulas have been developed in U1e past and used 

extensively by those concerned with rail-highway crossing safety. (Ref. 2). 

Examples· are the l;ew Hampshire Formula, the Peabody-Dimmick Formula, the 

Mississippi Formula, and the Ohio Method. Recent availability of The 

Inventory and accia1;:11t d.:.ta by crossing were mc.:jor considerations ~1hicll 

influenced development of the new DOT accident prediction formula. The 

Inventory conti,ins information on the physical and operatin;_; ~:,aracteristics 

of bll rail-highway crossings in the United States and, thus, affords an 

improved basis for rail-highway crossing accident prediction. 

The function of the DOT accident prediction formula is described in 

Figure J-1. The forr.;ula provides a rneans of calculating the expected annual 

number of accidents at a crossing on the basis of characteristics of the 

crossing described in TI1e Inventory and the crossing's historical accident 

experience described in the FRA Railroad Accident Incident Reporting Systems 

(RA IRS). 

The DOT accident prediction formula is termed an "absolute" formulc1 since 

it estimates numbers of accidents. Other formulas, such as the New Hampshire 

Formula, are termed "relative" formulas since they provide an index 1mich is 

as~ociated with expected accidents only on a relative basis i.e., a larger 

ir1dex means r.1ore expected ac-:idents but the relationship is not linear. 

The distinction between absolute and relative formulas is important when 

considering use of a formula to assist in determining tlie most cost-effective 

allocation of improvement funds, as discussed in Section 4. If program 

effectiveness is to be meusured in terms of tangible benefits such as accident 

reduction benefits, an absolute formula must be used to ensure that the 

benefits of alternative actions are consistently evaluated. n1e use of an 

absolute formula, such as the DOT formula, is therefore recommended to support 

resource allocation decisions. 

7 
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Both relative and absolute formulas can be used to provide rankings of 

crossings on the basis of their relative hazards. A comparison of the DOT 

formula with several other well-known formulas (Ref. 3) shows the DOT formula 

to have significantly improved performance in this regard. 

3.2 DESCRIPTION OF DOT FORMULA - DEVELOPMENT AND CHARACTERISTICS 

3.2.1 General DOT Formula 

The DOT accident prediction formula combines two independent predictions 

of a crossing's accidents to produce a more accurate resultant prediction. 

The two independent predictions are obtained from the following two sources: 

1. A basic formula (equation 3-2) provides an initial prediction of 

accidents on the basis of a crossing's characteristics as described in The 

Inventory. This formula, termed the "basic" formula, is used to predict 

crossing accidents in a manner similar to other common formulas, such as 

the Peabody-Dimmick and New Hampshire formulas. 

2. The second prediction is equal to the actual observed accident history 

at a crossing. This prediction assumes that future accidents per year 

will be the same as the average historical accident rate. It is referred 

to as a crossing's accident history, and is equal to the total observed 

accidents divided by the number of years over which the observations were 

made. 

The DOT accident prediction formula can be expressed as follows: 

A a To :\ (a) + TO : T ( ~) (3-1' 

where 

A= final accident prediction, accidents per year at the crossing 

a= initial accident prediction from basic formula (equation 3-2), 
accidents per year at the crossing 

9 



N 
= accident history predictio11, accidents per yecJr, 1hcre 1f is 

T the number of observed accidents in T years at the crossing 

Tl) = formula weighting f,..ctor = 1. C / (0. 05 + a) 

The DOT accident prediction fori~ula (equation 3-1) calculates a weighted 

average of a cr·ossi ng 's pred icteu accidents frrn~ the basic formula (c,} 

(equation 3-2), and accident history (N/T). The two fori:iula weights, 

T
0
;cr

O
+T) c.nd T/(T

O
+T), adc. to tl1L value 1.0, Values for the finc,l accident 

prediction (A), obtoined from equation 3-4, for different values of the 

initi.:l prediction (a), from equation J-2, and different prior accident rc.1tes 

(I'J/T) are tiJbularized in Table~ 3 -' to 3-5. Ec1ch table represents results for 

a specific number of years for 11!1ich accident history data arc available. t,t 

this time (December 1982), the FRA has 7 years of accident data correlated 

w.i th The Inve11,:,ory. If, t'r,e number of years of accident dcita, T, is a 

fraction, the final accident prediction, A, can be interpolated from the 

tables or determined directly fron the formula. TI1e formula provides the most 

accurate results if all the accident history 2Vflilable is used; however, the 

ex Lent of improvement is minimal ii' dote, for more ti1cm 5 ye;-irs are used. It 

is therefore recommended that only data for the most recent 'j years of 

accident l,1story be used. Thi::; erisure::; botL cood pcrfonaance from the formula 

,,nd use of the 111ost relevant d;Jta. Accident Iii story 'information older tLan 5 

ye.Jrs '.flclY be rnisleaJinc; be<.:"use of cl;,rnges that, occur to crossing 

characteristics over time. If a significant chRnge has occurred to a crossin~ 

during tli(; mc;s\, rcce11l j years, sud, oS c< ·,1urning dcv ice uµr;r,ode, only the 

iieferring to 1cibles ~-1 to j-'_;, Ll,c v,:lu2 of the fin;,l ~,cciJent 

pn,diction (A) is deternined from the intersection of tl1e appropriate column 
. - I • ""\ 
1n1 GlC.1.1. prcd iction ( a) i-lnd ti-,e observeo numbl'r 

oi' ciCc:iuetl\,S (il). 'd,us, if'-'= G.O:., ,Jnd 1,1 = 4, for T = 5 (Tc1ble ..,-:;), tl,e 

;;n investi~cjtion of the formul,i And the tables Hill show the foll.owir.g 

1.e., it i-iill lie l1et~1c2n t',e vdues of ;:i and NIT. 
1G 

,,nu il/T, 



TABLE 3-1. FINAL ACCIDENT PREDICTION FROM INITIAL PREDICTION 
AND ACCIDENT HISTORY [1 YEAR OF ACCIDENT DATA (T=1)] 

INITIAL PREDIC-
NUMBER TION FROM BASIC 

OF ACCIDENTS, N, INT YEARS 

~1ODEL, a 0 1 2 3 4 s 
. 

o.oo 0,000 O,O"IB 0,095 o. 143 0, 190 0,23B 
0,01 0.009 0.066 0.123 o. 179 0,236 0.292 
0.02 0,019 0,084 0.150 0.215 0,2B0 0.346 
0.03 0,029 0,102 0, 176 0.250 0,324 0,39B 
0,04 0,037 o. 119 0.202 0,2B4 0.367 0,"150 
0.05 0,045 0, 136 0,227 0.31B 0,409 0,500 
0,06 0,054 o. 153 0,252 0,351 0,450 0.550 
0,07 0.063 0,170 0.277 0,3B4 0,491 0,599· 
0,09 0,071 0, 196 0,301 0,416 0,531 0.646 
0,09 0,079 0,202 0.325 0.447 0,570 0,693 
o. 10 0,097 0,217 0.348 0,478 0,609 0.739 
0.20 0, 160 0,360 0,560 0,760 0,960 1. 160 
0,30 0,222 0,4B1 0.741 1,000 1.2s9 1,519 
0,40 0,276 0,586 0,897 1,207 1,517 1,828 
0,50 0,323 0,677 1,032 1.387 1,742 2,097 
0,60 0,364 0,758 1,152 1.s45 1,939 2,333 
0,70 0,400 0,929 1,257 1,686 2,114 2.543 
o.eo 0,432 0,892 1,351 1,811 2,270 2,730 
0,90 0,462 0,949 1,"136 1,923 2,410 2,897 
1.00 0,488 1.000 1,512 2,024 2,537 3,049 
1,10 I 0,512 1,047 1,581 2. 116 2,651 3,186 
1,20 0,533 1,099 1.644 2,200 2,756 3,311 
1.30 0,553 1,128 1.702 2.277 2,851 3,426 
1,40 0,571 1.163 1.755 2.347 2.939 3,531 
1.50 0,589 1,196 1,804 2,412 3,020 3,627 
1,60 0,604 1,226 1,949 2,472 3,094 3,717 
1,70 0,618 1,255 l ,991 2,527 3,164 3.800 
1,80 0.632 1,281 1,930 2,579 3,22B 3,877 
1,90 0,644 1,305 1.966 2.627 3,288 3,949 
2,00 0,656 1,328 2.000 2,672 3,344 4,016 
2, 10 0,667 1,349 2,032 2,714 3,397 4,079 
2,20 0.677 1,369 2,062 2,754 3,446 4,138 
2,30 0,687 1,388 2,090 2,791 3,493 4.194 
2,40 0,696 1,406 2,116 2,826 3,536 4,246 
2,50 0,704 1,423 2,141 2,859 3,577 4,296 



TABLE 3-2. FINAL ACCIDENT PREDICTION FROM INITIAL PREDICTION 
AND ACCIDENT HISTORY [2 YEARS OF ACCIDENT DATA (T:2)] 

INITIAL PREDIC-
TION FROM BASIC NUMBER OF ACCIDENTS, N, INT YEARS 

0 1 2 3 4 5 6 7 8 
MODEL, a 

o.oo 0,000 0.04:S 0,091 o. 136 0,182 0,227 0,273 0,318 0,364 
0,01 0,009 0,063 o. 116 0, 170 0,223 0,277 0,330 0,384 0,438 
0,02 0,018 0,079 0,140 0.202 0,263 0,325 0,386 0,447 0.509 
0,03 0,026 0,095 0,164 0,233 0,302 0,371 0,440 0,509 0.578 
0,04 0,034 0,110 0,186 0,263 0,339 0,415 0,492 0,568 0,644 
0,05 0.042 0, 125 0,208 0,292 .0, 375 0,458 0.542 0,625 0,708 
0,06 0,049 0, 139 0,230 0,320 0,410 0,500 0,590 0,680 0,770 
0,07 0,056 0,153 0,250 0,347 0,444 0,540 0,637 0,734 0,831 
0,08 0,063 o. 167 0,270 0,373 0,476 0,579 0,683 0,786 0,889 
0,09 0,070 0, 180 0,289 0,398 0,508 0,617 0,727 0,836 0,945 
o. 10 0,077 o. 192 0.308 0,423 0,538 0,654 0,769 0,885 1,000 
0.20 0, 133 0,300 0,467 0,633 0,800 0,967 1,133 1,300 1,467 

N 0.30 0,176 0,382 0,'588 0,794 1,000 1,206 1,412 1,618 1,824 
0,40 0,211 0,447 0,684 0,921 1,158 1,395 1,632 1,868 2,105 
0,50 0,238 0,500 0,762 1,024 1,286 1,548 1,810 2,071 2,333 
0,60 0,261 0,543 0.826 1,109 ~-391 1,674 1,957 2,239 2,522 
0,70 0,280 0,580 0,880 1,180 1,480 1,780 2,080 2,380 2,680 
0,80 0,296 0,611 0,926 1,241 1,556 1,870 2,185 2,500 2,815 
0,90 0,310 0,638 0,966 1,293 1,621 1,948 2,276 2,603 2,931 
1 .oo 0,323 0,661 1.000 1,339 1,677 2,016 2,355 2,694 3,032 
1,10 0,333 0,682 1.030 1,379 1,727 2,076 2,424 2,773 3,121 
1,20 0,343 0.700 1,057 1,414 · l, 771 2,129 2,486 2,843 3,200 
1,30 0,351 0,716 1,081 1. 446 · 1,811 2,176 2,541 2,905 3,270 
1,40 0,359 0,731 1,103 1,474 1,846 2,218 2,590 2,962 3,333 
1,50 0,366 0,744 1,122 1,500 1,878 2,256 2,634 3,012 3,390 
1,60 0,372 0,756 1,140 1,523 1,907 2,291 2,674 3,058 3,442 
1,70 0,378 0,767 1.156 1,544 1,933 2,322 2,711 3,100 3,489 
1,80 0,383 0,777 1,170 1.564 1,957 2,351 2,74~ 3,138 3,532 
1.90 0,388 0.786 1,184 1,582 1,980 2,378 2,776 3,173 3,571 
2,00 0,392 0,794 1,196 1,598 2,000 2,402 2,804 3,206 3,608 
2.10 0,396 0,802 1,208 1,613 2,019 2,425 2,830 3,236 3,642 
2.20 0,400 0,809 1.210 1,627 2,036 2,445 2,855 3,264 3,673 
2,30 0,404 0.816 1,228 1,640 2,053 2,465 2,877 3,289 3,702 
2,40 0,407 0,822 1,237 1,653 2,068 2,483 2,898 3,314 3,729 
2,50 0,410 0,828 1,246 1,664 2,082 2,500 2,918 3,336 3,754 



TABLE 3-3. FINAL ACCIDENT PRED!CtfoN FROM INITIAL PREDICTION 
AND ACCIDENT HISTORY (3 YEARS OF ACCIDENT DATA (T=3)] 

INITIAL 
PREDICTION NUMBER OF ACCIDENTS, N , IN T YEARS 
FROM BASIC 0 1 2 3 4 s 6 7 8 9 10 11 12 
MnnEL a . 

o.oo 0.000 0,043 0,087 o. 130 0, 174 0,217 0,261 0,304 0,348 0,391 0,435 0,478 0,522 
0,01 0,008 0,059 0,110 0,161 0,212 0,263 0,314 - 0,364 0,415 0,466 0,517 0,568 0,619 
0,02 0,017 0,074 0,132 o. 190 0,248 0,306 0,364 0,421 0,479 0,537 0,595 0,653 o. 711 
0,03 0,024 0,089 0,153 0,218 0,282 0,347 0,411 0,476 0,540 0,605 0,669 0,734 0,798 
0,04 0,031 0.102 0,173 0,244 0,315 0,386 0,457 0,528 0,598 0,669 0,740 0.011 0,882 
o.os 0,038 o. 115 0,192 0,269 0,346 0,423 0,500 0,577 0,654 0,731 0,808 0,885 0,962 
.0.06 0,04S 0,128 0,211 0,293 0,376 0,459 0,541 0,624 0,707 0,789 0,872 0.955 1,038 
0,07 0,051 0,140 0,228 0,316 0,404 0,493 0,581 0,669 0,757 .0,846 0,934 1.022. 1.110 
0,08 0,0SB 0,151 0,245 0,338 0,432 0,525 0.619 o. 712 0,806 0,899 0.993 1.086 1,180 
0,09 0.063 o. 162 0,261 0,359 0,458 0,556 0,655 0,754 0.852 0,951 1 .049 l,14B 1,246 
o. 10 0,069 0,172 0,276 0.379 0,4B3 0.586 0,690 0,793 0,897 1.000 1,103 1,207 1,310 
0.20 0,114 0,257 o. 400 , 0,543 0,686 0,829 0,971 l, 114 1,257 1,400 1,543 1.6B6 1,B29 
0,30 0,146 0,317 0,488 0,659 0,829 1,000 1,171 1,341 1.512 1,683 1.854 2.024 2.195 
0,40 o. 170 0,362 0,553 0,745 0,936 1,128 1,319 1,511 1.702 1,894 2,085 2,277 2,468 
0,50 o. 189 0,396 0,604 0,811 1,019 1,226 1,434 .1,642 1,849 2,057 2,264 2,472 2,679 
0,60 0,203 0,424 0,644 0,864 1,085 1,305 1,525 1,746 1,966 2,186 2,407 2,627 2,847 
0,70 0,215 ·o,446 0,677 0,908 1,138 1,369 1,600 1,831 2,062 2,292 2,523 2,754 2,985 
0,80 0,225 0,465 0,704 0,944 1. 183 1,423 1,662 1,901 2,141 2.380 2,620 2,859 3,099 
0,90 0,234 0,481 0,727 0,974 1,221 1,468 1,714 1,961 2,208 2,455 2,701 2,948 3,195 
1,00 0,241 0,494 0,747 1;000 1,253 1,506 1. 759 2,012 2,265 2,518 2,771 3,024 3,277 
1.10 0,247 0,506 0,764 1,022 1,281 1,539 1,798 2,056 2,315 2,573 2,831 3,090 3,341;1 
1,20 . 0,253 0,516 0,779 1.042 1,305 1,568 1,832 2,095 2,358 2,621 2,884 3,147 3,411 
1,30 0,257 0.525 0,792 1,059 1,327 1,594 1,861 2,129 2,396 2,663 2,931 3,198 3,465 

' 
1,40 0,262 0,533 0,804 1,075 1,346 1,617 1,888 2,159 2,430 2,701 2,972 3,243 3,514 
1,50 0,265 0,540 0,814 1,088 1,363 1,637 1,912 2,1B6 2,460 2,735 3,009 3,283 3,558 
1,60 0,269 0,546 0,824 1,101 1,378 1,655 1,933 2,210 2,487 2,765 3,042 3,319 3,597 
1, 70 0,272 0,552 0,832 1. 112 1,392 1,672 1,952 2,232 2,512 2,792 3,072 3,352 3,632 
1,80 0,275 0,557 0,840 1,122 1,405 1,687 · 1,969 2,252 2,534 2,817 3,099 3,382 3,664 
1 ,9(., 0,277 0,562 0,847 1,131 1.416 1,701 1,985 2,270 2,555 2,839 3. 124 3,409 3,693 
2,00 0,280 0,566 0,853 1,140 1,427 1,713 2.000 2,287 2,573 2,860 3,147 3,434 3,720 
2. 10 0,282 0,570 0,859 1,148 1,436 1.725 2.013 2.302 2.591 2,879 3,168 3.456 3,745 
2.20 0,284 0,574 0,865 1.155 1,445 1,735 2,026 2,316 2,606 2,897 3,187 3,477 3,768 
2,30 0,286 0,578 0,870 1,161 1,453 1·, 745 2,037 2,329 2,621 2,913 · 3,205 3,497 3,789 
2,40 0,287 0,581 0,874 1,168 1,461 1,754 2,048 2,341 2,635 2,928 3,222 3,515 3,808 
2,50 0,289 0,584 0,879 1,173 1,468 1,763 2,058 2,353 2,647 2,942 3,237 3,532 3,827 



TABL~-3~4. FINAL ACCIDENT PREDICTION FROM INITIAL PREDICTION 
AND ACCIDENT HISTORY [4 YEARS OF ACCIDENT DATA (T:4)] 

INITIAL 
PREDICTIOM NUMBER OF ACCIDENTS, N, IN T YEARS 
FROM BASIC 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
MODEL a • 

o.oo 0.000 ·0,042 0.083 0.125 0.167 0.200 0,250 0,292 0.333 0.375 0.417 0.458 0,500 0,542 0.583 
0.01 o.ooe o.056 0.105 0, 153 0.202 0,250 0,298 0.347 0.395 0,444 p.492 0,540 0,5B9 0.637 0.6B5 
0.02 0,016 0,070 0, 125 0,1B0 0.234 0.21!19 0.344 0,39B 0.453 0,50B 0,563 0.617 0,672 0,727 0.7B1 
0.03 0,023 0,0B3 0.144 0,205 0.265 0.326 0,3B6 0,447 ~,50B 0,56B 0,629 0.6B9 0,750 O.B11 O.B71 
0,04 0,029 0,096 0.162 0,22B 0.294 0,360 0.426 0.493 o.559 0,625 0.691 0,757 0,824 O.B90 0.956 
0,05 0.036 o. 107 0.179 0.250 0.321 0.393 0.464 0.536 0.607 0,679 0.750 O,B21 O.B93 0.964 1.036 
0,06 0,042 0,11B 0.194 0,271 0.347 0,424 0,500 0.576 0.653 0.729 O.B06 0.8B2 0,958 1.035 1. 111 
0,07 0.047 0, 12B 0,209 0,291 0,372 0.453 0,534 0.615 0.696 0,777 O.B5B 0,939 1,020 1,101 1,182 
o.oe 0,053 0,138 0.224 0.309 0.395 0.4B0 0,566 0.651 0.737 O,B22 0.90B 0,993 1.079 1.164 1.250 
0.09 0,058 0, 147 0.237 0.327 0.417 o.506 0,596 0.686 0,776 O,B65 0.955 1.045 1,135 1,224 1.314 
o. 10 0.062 0, 156 0.250 0.344 0,43B 0.531 0,625 0.719 0.012 0.906 1.000 1,094 1.1B8 1.201 1,375 
0.20 0.100 0.225 0.350 0.475 0.600 0,725 0,850 0,975 1.100 1.225 1.350 1.475 1.600 1,725 1,850 
0,30 0.125 0,271 0.417 0,563 0,70B O,B54 1.000 1.146 1,292 1,437 1.5B3 1,729 1,875 2,021 2.167 
0,40 o. 143 0.304 0.464 0,625 0,786 0.946 1,107 1,26B 1.429 1.589 1.750 1 .911 2,071 2.232 2.393 
0,50 0.156 0.328 0,500 0,672 O,B44 1.016 1,18B 1,359 1 .531 1,703 1.875 2,047 2,219 2,391 2,563 
0,60 0,167 o.347 0,S28 0,708 0,889 1,069 1,250 1,431 1.611 1,792 1,972 2,153 2.333 2,514 2,694 
0.70 0, 175 0,363 0.550 0,738 0,925 1,113 1,300 1,488 1.675 1,863 2,050 2,238 2,425 2.613 2,800 
O,BO 0, 1B2 0,375 0.56B 0,761 0,955 1,148 1,341 1,534 1,727 1,920 2,114 2,307 2,500 2.693 2.8B6 
0,90 0, 188 0,3B5 0,5B3 0.7B1 0.979 1,177 1,375 1,573 1,771 1,969 2.167 2,365 2,563 2,760 2,958 
1,00 0.192 0,394 0.596 o. 798 1,000 1.202 1.404 1,606 1.000 2,010 2,212 2,413 2,615 2.817 3,019 
1,10 0.196 0,402 0.607 0,B13 1,018 1,223 1.429 1,634 1.839 2,045 2,250 2,455 2,661 2,866 3,071 
1.20 0,200 0.408 0.617 0,825 1,033 1.242 1,450 1,658 1,867 2,075 2.2B3 2.492 2,700 2,90B 3.117 
1 .30 0,203 0.414 0.625 O,B36 1.047 1.258 1,469 1.680 1,091 2.102 2.313 2,523 2,734 2,945 3.156 
1,40 0.206 0,419 0.632 O,B46 1,059 1.272 1.4B5 1.699 1.912 2,125 2,338 2.551 2,765 2,97B 3,191 
1 .50 0,208 0,424 0,639 O,B54 1.069 1,285 1,500 1. 715 1.931 2,146 2.361 2,576 2,792 3,007 3,222 
1 .60 0,211 0,428 o.645 0,862 1,079 1,296 1,513 1,730 1.947 2,164 2.3B2 2,599 2,816 3.033 3,250 
1,70 0,213 0,431 0,650 O,B69 1.0BB 1,306 1,525 1.744 1.962 2,181 2,400 2,619 2,837 3.056 3,275 
1 .so 0.214 0,435 0,655 0,875 1.095 1,315 1,536 1,756 1,976 2,196 2,417 2,637 2,B57 3,077 3,298 
1,90 0,216 0,437 0,659 O,B81 1.102 1,324 1,545 1,767 1.9B9 2,210 2,432 2,653 2,875 3,097 3,31B 
2,00 0,217 0,440 0,663 0,B86 1.109 1.332 1,554 1,777 2.000 2,223 2,446 2,668 2,891 3,114 3,337 
2, 10 0,219 0,443 0,667 O,B91 1,115 1,339 1,562 1,786 2,010 2,234 2,458 2,682 2,906 3,130 3,354 
2,20 0,220 0,445 0,670 O,B95 1,120 1,345 1,570 1,795 2,020 2,245 2.470 2,695 2,920 3,145 3,370 
2,30 0,221 0,447 0,673 0,B99 1. 125 1,351 1,577 1,803 2,029 2,255 2,481 2,707 2,933 3.159 3,3B5 
2,40 0,222 0,449 0,676 0,903 1,130 1,356 1,583 1 ,B10 2,037 2,264 2,491 2,718 2,944 3,171 3,39B 
2,50 0,223 0,451 0.679 o·,906 1.134 1,362 1,589 1, 0·1 7 2,045 2,272 2,500 2,728 2,955 3, 1B3 3,411 
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o.oo 
0,01 
0.02 
0,03 
0,04 
0.05 
0,06 
0.07 
0,08 
0,09 
0, 10 
0,20 
0,30 
0,40 
0.50 
0,60 
0,70 
O,BO 
0,90 
1.00 
1. 10 
1.20 
1.30 
1,40 
1 .50 
1.60 
1. 70 
1.80 
1.90 
2,00 
2, 10 
2.20 
2.30 
2.40 
2,50 

0 1 

0,000 0,040 
0,008 0+054 
0,015 0,067 
0,021 0,079 
0.02B 0,090 
0,033 0, 100 
0,039 o. 110 
0,044 0.119 
0,04B 0, 127 
0,053 0, 135 
0,057 0,143 
0,0B9 0,200 
0,109 0,236 
0,123 0,262 
0,133 0,2B0 
0,141 0,294 
0, 147 0,305 
0.152 0,314 
O, 157 0,322 
0.160 0.328 
0,163 0,333 
0, 166 0.338 
0.168 0,342 
0,170 0.345 
0,-171 0,349 
0,173 0,351 
0,174 o.354 
0,176 0,356 
0, 177 0.358 
0, 17B 0,360 
0, 17'i' 0.362 
0, 180 0,363 
0,180 0,365 
0, 1B1 0,366 
0, 1B2 0,367 

TABLE 3-5, FINAL ACCIDENT PREDICTION FROM INITIAL PREDICTION 
AND ACCIDENT HISTORY [5 YEARS OF ACCIDENT DATA (T=5)) 

'; ,_ 
YEARS / '",T7l!',l!"P.1'.j'T'; r,,- AC'.::IDL::,;TS, N, DT T dl,_,j_..._.i_J,.._,.:_1,. VL 

2 3 4 5 6 7 8 9 10 11 12 13 
I 

;14 

I 
0,080 0,120 0, 160 0,200 0,240 0,280 0,320 0,360 0,400 0,440 0.480 0.520 0,560 
o. 100 0, 146 ·o, 192 0,23B 0,285 0,331 0,377 0.423 0,469 0+515 O.56:! 0,60B O.654 
o. 119 0, 170 0.222 0,274 0,326 0.378 0.430 0,481 0,533 0.585 0,637 0,6B9 0,741 
o, 136 o. 193 0.250 0,307 0,364 0.421 0.479 0,536 0,593 0,650 0,707 0,764 0+821 
0, 152 0.214 0,276 0,33B 0,400 0,462 0,524 0,586 0,64B 0,710 0,772 O,B34 O,B97 
0, 167 0,233 0.300 0,367- 0,433 0,500 0,567 0.633 0,700 0.767 O,B33 0,900 0,967 
0, 181 0.252 0,323 0.394 0,465 0,535 0,606 0.677 0,74B 0,819 0-.090 0.961 1,032 
0, 194 0,269 0,344 0,419 0,494 0.569 0.644 0.719 0,794 0,869 0.944 1.019 1,094 
0.206 0,2B5 0.364 0.442 0,521 0,600 0,679 0.758 0,836 0,915 0,994 1,073 1. 152 
0,218 0.300 0,382 0,465 0,547 0,629 0,712 0,794 0,876 0,959 1,041 1,124 1,206 
0,229 0,314 0,400 0,4B6 0,571 0,657 0,743 0,829 0,914 1,000 1,086 1,171 1.257 
0,311 0,422 0,533 0,644 0,756 0,867 0,97B 1,0B9 1,200 1,311 1,422 1,533 1.644 
0,364 0.491 0,618 0,745 0,873 1,000 1,127 1,255 1.382 1,509 1,636 1,764 1,B91 
0,400 0,538 0,677 0,815 0,954 1.092 1. 231 1.369 1,508 1,646 1,7B5 1,923 2.062 
0,427 0,573 0,720 0,867 1,013 1,160 1,307 1,453 1,600 1,747 1,893 2,040 2,187 
0,447 0,600 0,753 0,906 1,059 1,212 1,365 1,518 1,671 1,824 1,976 2,129 2.282 
0,463 0,621 0,779 0,937 1,095 1,253 1. 411 1,568 1,726 1,884 2,042 2,200 2,358 
0,476 0.638 0,800 0,962 1,124 1,2B6 1,448 1,610 1,771 1,933 2.095 2,257 2,419 
0,4B7 0,652 0,817 0.983 1. 148 1.313 1.478 1,643 1,809 1.974 2.139 2,304 2,470 
0,496 0,664 0,832 1.000 1,168 1,336 1,504 1,672 1,840 2,008 2,176 2,344 2,512 
0,504 0.674 0,844 1,015 1,185 1,356 1,526 1,696 1,867 2,037 2,207 2,378 2,548 
0,510 0.6B3 0,855 1,02B 1,200 1.372 1,545 1. 717 1.890 2.062 2.234 2,407 2,579 
0,516 0,690 0,865 1,039 1,213 1,387 1,561 1. 735 1,910 2.084 2.258 2.432 2,606 
0.521 0,697 0,873 1,048 1,,224 1,400 1.576 1,752 1,927 2.103 2,279 2,455 2,630 
0.526 0,703 0,880 1.057 1,234 1,411 1.589 1,766 1,943 2.120 2,297 2.474 2.651 
0.530 0,708 0,886 1,065 1,243 1,422 1,600 1,778 1,957 2,135 2,314 2.492 2,670 
o.533 0,713 0,892 1,072 , l. 251 1,431 l. 610 1,790 1,969 2. 149 2.328 2.508 2,687 
0,537 0,717 0.898 1,078 1.259 1.439 1,620 1,800 1,980 2,161 2,341 2,522 2,702 
0.540 0.721 0,902 1,084 1,265 1,447 1,628 1,809 1,991 2,172 2,353 2,535 2,716 
0,542 0,724 0,907 1, 08,9 1,271 1,453 1.636 1.818 2,000 2·. 182 2,364 2,547 2.729 
0, 545 " 0,728 0,911 1,094 1,277 1.460 1,643 1,826 2,009 2, l'i'l 2,374 2,557 2,740 
0.547 0,731 0,914 1.098 1,282 1.465 1,649 1.833 2,016 2,200 2,3B4 2,567 2,751 
0,549' - Q,733 0,918 1,102 1,286 1,471 1,655 1,B39 2.024 2.200 2,392 2,576 2,761 
0,551 0,736 0,921 1,106 1,291 1.475 1,660 1,845 2.030 2,215 2',400 2,585 2,770 
0.553 0.738 0,924 1,109 1,295 1.480 1,665 1,851 2,036 2.222 2,407 2,593 2,778 

' 



2. If a= N/T, then the final prediction (Al will equal a and N/T. 

3, If no ac~ident.history is available, T = 0, then the final prediction 

(A) will equal the initial prediction (a) from the basic formula. 

3,2.2 Basic Formula 

The initial prediction of a crossing's accidents (a) is determined from 

the basic accident prediction formula described in equation 3-2 below, The 

basic formula produces a prediction on the basis of a crossing's 

characteristics as described in The Inventory. The technique used for 

developing the basic formula involved applying nonlinear multiple regression 

techniques to crossing characteristics stored in The Inventory and to accident 

data contained in the FRA Railroad Accident/Incident Reporting System (RAIRS). 

The 1976 accident file and the August 1976 inventory were used to develop the 

formula. Half of the file was used to determine the formula coefficients, by 

regression and iteration (data set A), and the other half was used for testing 

of the formula (data set B). Data sets A and B were disjoint, of equal size 

and comprised of a random sample of records from The Inventory, including all 

records for which accident data existed in the RAIRS file. Each data set was 

categorized into two groups of accident and nonacc.ident crossings. 

The resulting basic formula can be expressed as a series of factors which, 

when multiplied together, yield the initial predicted accidents per year (a) 

at a crossing·. -Each factor in the formula represents a characteristic of the 

crossing des_cribed in The Inventory. The general expression of the basic 

formula is shown below: 

a = K X EI x MT x DT X HP x MS x HT x HL (3-2) 

where 

a= initial accident ~rediction, accidents per year at the crossing 

16 



K = constant for initialization of factor values at 1.00* 

EI= factor for exposure index based on product of highway 

and train traffic 

MT = factor for number of main tracks 

DT = factor for number of thru trains per day during 

daylight 

HP= factor for highway paved (yes or no) 

MS= factor for maximum timetable speed* 

HT= factor for highway type* 

HL = factor for nl.lTlber of highway lanes 

Three sets of equations are used to determine the value -:if each factor 

for each of the following three categories of warning devices: 

1. Passive, including the following warning device classes: 

Class - No signs or signals 

Class 2 - Other signs 

Class 3 - Stop signs 

Class 4 - Crossbucks 

2. Flashing lights, including the following warning device classes: 

Class 5 - Special e.g., flagman 

Class 6 Highway signals, wig-wags or bells 

Class 7 - Flashing lights 

*New formula factors not included in the previous version of the basic formula 
described in References 3 and 4. 

17 



3. Gates, including the following warning device class: 

Class b - Automatic gates with flashing lights 

The crossing characteristic factor equations for the three warning device 

categories are shown in Table 3-6. Each set of factor equations should be 

used only for crossings with the warning device classes for which it was 

designed. for example, if it is desired to predict the number of accidents at 

a crossing with crossbucks, then the passive set of equations should be used. 

The numerical value of each factor is related to the de;:iree of correlation 

that a specific crossing characteristic was found to have with crossing 

accident rates. For those cases in Table j-6 where the value ot' the factor is 

indicated as a constant 1.0, it was found that the characteristic did not have 

a significant relationsllip to crossing accidents. 

The structure of the basic accident prediction formula makes it possible 

to construct look-up tables of numeric,,l values for the crossing 

ctiuracter·istic factors. To predict the accidents at a particular crossing 

·.ihose Inventory ch8rc1cteristics are kno\m, the values of the factors are found 

in the table and multiplied together. The factor v;ilues for the three warning 

Jevicc catei,;ories (passive:, flashing lights <lnd gates) are found in Tables 

j-~. j-8 and 3-5, respectively. Detailed procedures for use of the tables and 

computer autm10tiori or the ciccident prediction formula are presented in 

:>E;ction 5. 1. 

An inspection of the fc:ctor' v;,lue tables shows that exposure index (EI), 

Gase~ on the product of annual average daily hig~way traffic (cl and average 

daily train traffic (t), has the strongest relationship to predicted 

accidents. All other factors can be seen as having a secondary relationship 

to predicted accidents. lt is i.;seful in understanding the nccture of tl1e basic 

accident prediction formula to plot the relationship of accidents to the 

µrimar·y crossing charaeter·istics of higln,ay and tr ·in troffic, while haloing 

1d 



TABLE 3-6. EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS 

GENERAL FORM OF BASIC ACCIDENT PREDICTION FORMULA: a K x EI x MT x DT x HP x MS x HT x HL 

CROSSI~G CHARACTERISTIC FACTORS 

EXPOSURF. MAIN DAY THRU HIGHWAY MAXIMUM IIIGHWAY HIGHWAY 
FORMULA INDH TRACKS TRAINS PAVED SPEED TYPE LANES 

CROSSING CONSTANT FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR 
CATEGORY K EI HT DT HP MS HT HL 

PASSIVE 0.002268 ((c X t + 0 _2 )/0. 2 )0.3334 e0.2094mt ( (d + 0.2)/0.2)0.1336 0
-0.6160(hp-1) e □ .0077ms 0

-0. IOOO(ht-1) 
1 .0 

FLASHING 
0.2)/0.?)0.2953 0.1088mt + 0.2)/0.2)0.0470 0.1380(hl-1) LIGHTS 0.003646 ((c X t + e ( (d 1. 0 1 .o 1.0 e 

GATES o. 001088 ((c X t + 0.2)/0.2)0,3116 .o.2912mt 1. 0 1. 0 1.0 1.0 e0.1036(hl-1) 

C - annual average numbrr of hi v,hway vehicles INVENTORY ht 
per day ( total both directions) H [GHWAY TYPE CODE VALUE --RURAL 

L = aven1ge total train movement- s per day 
Interstate 01 1 

mt = nrnnber of main tracks Other principal arterial 02 2 
Minor arterial 06 3 

d - average number of thr11 I.rains per d;-iy Major collector 07 'I 
during daylight Minor collector 08 5 

Local 09 r, 

hp = hiP,hway paved, yes e l .O, no e 2.0 
URBAN 

ms = maximum timetable speed, mph Int.erstatP. 11 1 
Other freeway and expressway 12 2 

ht = highway type factor value Other principal arterial 14 3 
Minor arterial 16 4 

hl = numbPr of highway lanes Collector 17 5 
Local 19 6 
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TABLE 3-7. FACTOR VALUES FOR CROSSINGS WITH PASSIVE WARNING DEVICES 

~ENERAL FORM OF BASIC ACCIDENT PREDICTION FORMULA: a K x EI x HT x DT x HP x HS x HT x HL 

Maximum Highwc1y 
Main Day Thr11 Highway Timetable Type Highway 

K Hell X lltll EI Tracks HT Trains DT Paved HP Speed HS Code•• HT Lanes HL 

0.002268 o• 1.00 
1 5 2.22 
6- 10 3.30 

11- 20 4.24 
21- 30 5.01 
31- 50 5.86 
51- 80 6.89 
81- 120 7.95 

121- 200 9.29 
201- 300 10. 78 
301- 400 12.06 
401- 500 13.11 
501- 600 14.02 
601- 700 14.82 
701- 1000 16.21 

1001- 1300 17.93 
1301- 1600 19.37 
1601- 2000 20.81 
2001- 2500 22.42 
2501- 3000 23.97 
3001- 4000 25.98 
4001- 6000 29.26 
6001- 8000 32.73 
8001- 10000 35.59 

10001- 15000 39.71 
15001- 20000 44.43 
20001- 25000 48. 31 
25001- 30000 51.65 
30001- 40000 55.98 
40001- 50000 60.87 
50001- 60000 65.08 
60001- 70000 68.81 
70001- 90000 73-74 
90001- 110000 79.44 

110001- 130000 84.42 
130001- 180000 91.94 
180001- 230000 100.92 
230001- 300000 109.94 
300001- 370000 118.87 

1 Less than one train per day, 

0 1.00 0 1 .oo (yes) 1.00 0 1.00 01&11 1.00 
1 .23 1 1 .27 5 1. 04 2 

2 1.52 2 1. 38 2 (no) 0.54 10 1.08 021,12 0.90 3 
1 1. 87 3 1.45 15 1.12 4 
4 2. 31 1.50 20 1. 17 06&14 0.82 5 
5 2.85 5 1 .55 25 1.21 6 
6 1.51 6 1 .58 30 1.26 07&16 0.74 7 

7 1.61 35 1.31 8 
8 1.64 40 1. 36 08&17 o.67 9 
9 1. 67 45 1.41 

10 1.69 50 1.47 091,19 0.61 
11-20 1. 78 55 1.53 
21-30 1.91 60 1 .59 
31-1&0 2.00 65 1.65 
41-60 2.09 70 1.71 

75 1. 78 
80 1.85 
85 1.92 
90 2.00 

K ~ formula constant 
"c" x "l 11 = numhPr of highway \lehicles per day, 11 c". multiplied by total train movements per day, "t·' 

ET exposure index factor 
MT main track3 factor 
DT day thru trains factor 
HP highway paved factor 
HS maximum timetable speed factor 
HT highway type factor 
HL highway lanes factor 

•• For definition of h_ighway 'type codes. see Table 3-6. 

1 .oo 
1 .oo 
1 .00 
1.00 
1.00 
1.00 
1.00 
1 .oo 
1 .oo 
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TABLE 3-8. FACTOR VALUES FOR CROSSINGS WITH FLASHING LIGHT 
WARNING DEVICES 

GEllERAL FORM OF BASIC ACCIDENT PREDICTION FORMULA: a K x EI x MT x OT x HP x HS x HT x HL 

K "cu X Utll EI 

o.003M6 o• 1.00 
1- 5 2.27 
6- .10 2.99 

11- 20 3-~9 
21- 30 4.17 
31- 50 4.79 
51- 80 5.52 
81- 120 6.27 

121- 200 1.?0 
201- 300 8.?2 
301- 400 9.07 
401- 500 9.77 
501- 600 10.37 
601- 700 10.89 
701~ 1000 11. 79 

1001- 1300 12.89 
1301- 1600 13.80 
1601- 2000 14.71 
2001- 2500 15. 72 
2501- 3000 16.67 
3001- 4000 17.91 
11001- 6000 19.89 
6001- 8000 21.97 
ROOl- 10000 23.66 

10001- 15000 26.08 
15001- 20000 28.80 
20001- 25000 31.02 
25001- 30000 12.91 
30001- 40000 35.34 
40001- 50000 38.06 
50001- 60000 40.39 
60001- 70000 112. ttj 
70001- 90000 45. 11 
90001- 110000 48. 18 

110001- 130000 50.85 
130001- 180000 ~4.81.i 

180001- 230000 59-56 
230001- 300000 64. 25 
300001- 370000 68.86 

• Le~s t.han one train per day. 

Maximum Highway 
Main Day Thru Highway Timetable Type Highway 
Tracks HT Trains OT Paved HP Speed MS Code•• HT Lanes HL 

0 1 .oo 0 1.00 (yes) 1.00 0 1.00 01&11 1.00 1.00 
1.11 1. 09 5 1.00 2 1. 15 

2 , .211 ? 1.12 2 (no) 1.00 10 1.00 02&12 1 .oo 3 1. 32 
3 1.39 3 1. 14 15 1.00 4 1.51 

1.SS 4 1. 15 20 1.00 06&14 1.00 5 1. 74 
5 1. 72 5 1 .17 25 1.00 6 1.99 
6 1.92 6 1 .18 JO 1.00 07&16 1.00 7 2.29 

7 1.18 35 1.00 8 2.63 
8 1. 19 'lO 1.00 08&17 1 .oo 9 3.0? 
9 1. 20 45 1.00 

10 1. 20 50 1.00 09&19 1.00 
11-20 1.23 55 1.00 
21-30 1.26 60 1.00 
31-40 1. 28 65 1 .oo 
41-60 1. 3C 70 1 .oo 

75 1.00 
80 1.00 
85 1.00 
90 1 .oo 

K = formul~ constant 
"c 11 x 11 t 11 = number of highway vehicles per day, "c". multiplied by total train movementi; per <lay, "t" 
EI exposure index factor 
MT main tracks factor 
DT day thru trains factor 
HP highway p~ved factor 
MS maximum timet.;1ble speed factor 
HT highway type factor 
HL highway lanes factor 

•J for definition of highway type codes, see Table ]-6. 9/81 
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TABLE 3-9. FACTOR VALUES FOR CROSSINGS WITH GATE WARNING DEVICES 

GENERAL FORM OF BASIC ACCIDENT PREDICTION FORMULA: a K x EI x MT x OT x HP x MS x HT x HL 

M;nimum Highway 
Main Day Thru Highway Timetable Type Highway 

K "c" X 11 t 11 EI Tracks MT Trains OT Paved HP Speed MS Code 11 • HT L.:ines HL 

0.001088 o• 1.00 0 1.00 0 1.00 (yes) 1.00 0 1.00 01&11 1.00 1 1.00 
1- 5 2.37 1 1. 34 1 1. 00 5 1.00 2 1 , 11 
6- 10 3.18 2 1. 79 2 1.00 2 (no) 1.00 10 1 .oo 02&12 1. 00 3 1.23 

11- 20 3.86 3 2.40 3 1.00 15 1.00 4 1.36 
21- 30 4.51 4 3.21 4 1.00 20 1.00 06&14 1.00 5 1. 51 
31- 50 5.22 5 4.29 5 1. 00 25 1.00 6 1.68 
51- 80 6.07 6 5.74 6 1.00 30 1.00 07&16 1, 00 7 1.86 
81- 120 6.94 7 1.00 35 1.00 8 2.07 

121- 200 8.03 8 1.00 40 1. 00 08&17 1. 00 9 2.29 
201- 300 9.23 9 1.00 45 1.00 
301- 400 10.25 10 1 .oo 50 1.00 09&19 1.00 
401- 500 11.08 11-20 1.00 55 1.00 
501- 600 11. 80 21-30 1.00 60 1.00 
601- 700 12.43 31-40 1. 00 65 1.00 
701- 1000 13.51 41-60 1.00 70 1.00 

1001- 1300 14. 84 75 1.00 
1301- 1600 15.96 80 1.00 
1601- 2000 17.07 85 1 .oo 
2001- 2500 18.30 90 1.00 
2501- 3000 19.48 
3001- 4000 21.00 
4001- 6000 23.% 
6001- 8000 26.06 K = formula constant 
8001- 10000 28.18 "c 11 K 11 t 11 == number of highway vehicles per day. "c", multiplied by total train movements per day, "L" 

10001- 15000 31.22 
15001- 20000 34.67 
20001- 25000 37.49 
25001- 30000 39.91 
30001- 40000 43.03 
40001- 50000 46.53 
50001- 60000 49.53 
60001- 70000 52.18 
70001- 90000 55.67 
90001- 110000 59.68 

110001- 130000 63.16 
130001- 180000 68.41 
180001- 230000 74.63 
230001- 300000 80.85 
300001- 370000 86.98 

• Less than one train per day. 

EI exposure index factor 
MT main tracks factor 
DT day thru trains factor 
HP highway paved factor 
MS= maximum timetable speed factor 
HT highway type factor 
HL = highway lanes factor 

•• For definition of highway type codes, see Table 3-6. 9/81 



the secondary factors constant at nominal values. When this is done, 

predicted accidents (a), can be viewed as a surface defined over the c, t 

plane. The plots are shown in Figures 3-2, 3-3 and 3-4 for the three warning 

device categories. The predicted accident surface is portrayed by a set of 

equal-accident-level lines, which are analagous to contour lines on a 

topographical map. The larger the accident value, the higher above the c, t 

plane is the accident surface. 

The plots show that the relationship of accidents to highway and train 

traffic is strongest at low values of traffic. An increase in highway and/or 

train traffic from low levels, say from 1000 to 2000 cars per day -or 5 to 10 

trains per day, increases the accident level to a greater extent than a 

similar change at high traffic volumes. This nonlinear relationship is 

important when considering the relative impacts on accident levels of future 

changes in traffic patterns between crossings that currently have different 

traffic volumes. 

For different values of the secondary factors, th.e surfaces would have the 

same essential character. This is based on the observation from sensitivity 

results that any change in the secondary factors, other than d (number of thru 

trains per day during daylight), will cause the surface to be changed only by 

a constant. For different values of d, the multiplier of the surface is a 

function of d, and hence the effect is more complex, but it is expected that 

the character of the surface would not change significantly. 
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4. RESOURCE ALLOCATION MODEL 

4.1 INTRODUCTION 

The resource allocation model is designed to provide an initial 

recommended list of crossing improvements, that result in the greatest 

accident reduction benefits on the basis of cost-effectiveness considerations 

for a given budget limit (Ref. 4). This initial recommendation may then be 

used by states to guide the on-site inspection of crossings by diagnostic 

teams. Updated results obtained by the diagnostic teams then form a useful 

set -of recommendations upon which state and local officials can finalize their 

crossing safety improvement plans. Input to the resource allocation model 

includes predicted accidents for the cr-ossings being considered, costs and 

effectiveness of the different safety improvement options (e.g., flashing 

lights and gates), and the budget level available for safety improvement. 

Accident predictions for crossings can come from any accident prediction 

formula which computes number of accidents per year. The DOT accident 

prediction formula described in the previous section was developed for this 

purpose. 

Cost data for the warning device options can be of several different 

types. They may be life cycle costs (the sum of procurement, installation, 

and maintenance), the costs associated with a particular phase of a pr-oject 

(e.g., procurement or installation or maintenance) or some fraction of these 

costs. In any case, comparable figures are needed for the following 

categories of improvement actions currently considered by the model: flashing 

lights for a previously passive crossing, gates for a previously passive 

crossing, and gates at a crossing previously equipped with flashing 

lights. Cost data on warning device improvements which can be used for the 

resource allocation model are presented in Section 4.2.3. 

Warning device effectiveness required by the resource allocati-on model is 

defined as the decimal fraction by which accidents are expected to be reduced 

by installation of a warning device. Effectiveness is a relative measure 
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involving both existing and proposed warning systems at a crossing to be 

upgraded. If automatic gates have an effectiveness of 0.84, when installed at 

a crossing with a passive warning device, the accident rate at the crossing 

will be reduced by 84 percent. Automatic gates installed at a crossing with 

flashing lights would have a lower effectiveness. An improvement which 

completely eliminates accidents, such as grade separations or closures, would 

have an effectiveness of 1.0; it is 100 percent effective. Values of 

effectiveness for different warning device improvement combinations are 

presented in Section 4.2.4. 

The budget level for crossing improvements, used as input to the resource 

allocation model, should include the total multi-year funding available, even 

though it may exceed a single year's budget. The reason for this is that the 

resource allocation model will produce a different and possibly conflicting 

set of decisions depending upon the budget level used. If, for example, the 

first-year budget of a 2-year program is used, a specific set of decisions 

will result from the model. Use of the model again for the next year's 

budget, incorporating the crossing improvements made the previous year, will 

result in a new set of decisions. Some of the new decisions may in'volve 

further improvements to crossings just upgraded the previous year, resulting 

in an inefficient program. The best approach would have been to use the total 

2-year budget for the first application of the model, and then fund the 

improvement decisions over a 2-year period. 

The resource allocation model is int~nded to assist state and local 

planners in formulating decisions on crossing improvements. There are a 

number ,::,f applications where the model can be useful in this role. In its 

primary application, the model could use the state listing of crossings, 

ranked by predicted accidents, to produce a list of suggested improvement 

projects. The project list indicates which crossings are to be upgraded and 

the type of upgrade to be performed. The state can then use this suggested 

program as a basis to select crossings for on-site inspections by diagnostic 

teams. The diagnostic teams can validate original data used by the model, 

revise the suggested program if data has changed and obtain additional 

information on potential crossing hazards for consideration prior to 

finalizing program plans. A procedure for accomplishing this evaluation 

process is described in Section 4.2.5. 



The resource allocation model can also be used to assess the sensitivity 

of improvement decisions to variations in the input parameters of warning 

device cost and effectiveness and predicted crossing accidents. If, for a 

given crossing or set of crossings, these parameters are known to be different 

than originally assumed, the new values can be subst:ituted into the model and 

new results obtained. The effect of the new parameters can be assessed by a 

comparison of new improvement decisions with those resulting from the previous 

assumptions. This type of application is useful in evaluating the impacts of 

known or proposed changes in crossing characteristics, such as increases in 

train or highway traffic on certain routes, or closures of specific crossings. 

The resource allocation model is also useful for evaluating the impacts of 

alternative program strategies. The model can be easily modified to 

incorporate constraints imposed on certain improvement actions by state 

warrants or guidelines. An example of such a constraint would be a gates-only 

policy at crossings with train speeds exceeding certain values. Variations in 

program budgeting such as inclusion versus exclusion 0f warning device 

maintenance costs and single-year versus multi-year funding limits, can also 

be evaluated with the resource allocation model. 

4.2 DESCRIPTION OF RESOURCE ALLOCATION MODEL 

4.2.1 Model Algorithm 

Three categories of crossings, representing all warning device classes in 

the inventory, are considered by the re source allocation algorithm, and are 

the same categories evaluated by the accident prediction formulas. Warni~g 

device classes 1 through 4 are grouped together and called "passive" warning 

systems, meaning that they are not train-activated devices. Classes 5, 6, and 

7 are grouped together and called "flashing lights," since public crossings 

which are equipped with flashing lights predominate in this category. Class 8 

remains as a separate warning device category called "gates". 

Table 4-1 is a matrix showing the effectiveness and cost symbols for the 

three warning device groupings used in describing the resource allocation 

algorithm. The matrix reflects the possible combinations of crossing warning 
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device improvements currently considered by the model. For passive crossings, 

single track, two upgrade options exist, flashing lights or gates. For 

passive, multiple-track crossings, the model allows only the gate option to be 

considered in accordance with Federal regulations.* For flashing light 

crossings, the only improvement option is gates. The model can be modified by 

extending the basic logic to include other options, such as grade separations 

and closures. It is also necessary to determine the costs and effectiveness 

of any additional options that are considered. 

TABLE 4-1. EFFECTIVENESS/COST SYMBOL MATRIX 

- - - - - PROPOSED WARNING DEVICE - -

EXISTING WARNING 
DEVICE 

Passive 

Flashing Lights 

FLASHING LIGHTS 

EQUIPMENT EQUIPMENT 
EFFECTIVENESS COST 

El c, 

AUTOMATIC GATES 

EQUIPMENT EQUIPMENT 
EFFECTIVENESS COST 

E2 c2 

E3 c3 

For any given crossing and/or proposed warning device, a pair of 

parameters (E.,C.), as shown in Table 4-1, must be provided for the resource 
J J 

allocation algorithm, where j = 1 for flashing lights installed at a passive 

crossing, j = 2 for gates installed at a passive crossing, and j = 3 for gates 

installed at a crossing with flashing lights. The first parameter (E.) is the 
J 

effectiveness of installing a proposed warning device at a crossing with a 

lower class warning device. The second parameter (Cj) is the corresponding 

cost of the proposed warning device. Table 4-1 shows the slx warning device 

parameters (E 1, c 1, E2 , c2 , E
3

, c
3

) that are needed to use the resource 

allocation algorithm. 

* 23 CFR 646.214(b)(3)(i) 
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The resource allocation model considers all crossings with either passive 

or flashing light warning devices for improvements. If, for example, a single

track passive crossing, i, is considered, it could be upgraded with either 

flashing lights, with an effectiveness E1, or gates, with an effectiveness of 

E
2

. The number of predicted accidents at cr-ossing i is \; hence, the reduced 

accidents per year is A.E 1 for the flashing light option and A.E2 for the gate 
l l _ 

option. The corresponding costs for these two improvements are c1 and c2 . 

The accident reduction/cost ratios for these improvements are Ai E/C 1 for 

flashing lights and AiE2;c2 for gates. The rate of increase in accident 

reduction versus costs that results from changing an initial decision to 

install flashing lights with a decision to install gates, at crossing i, is 

referred to as the incremental accident reduction/cost ratio and is equal to 

Ai CE
2
-E 1)/(C

2
-C 1). The incremental accident reduction/cost ratio is used by 

the algorithm to compare the cost-effectiveness of a decision to further 

upgrade a passive crossing from flashing lights to gates with an alternative 

decision to upgrade another crossing instead. If a passive multiple-track 

crossing, i, is considered, the only improvement option allowable would be 

installation of gates, with an effectiveness of E
2

, a cost of c
2 

and an 

accident reduction/cost ratio of Ai E2;c2 . If crossing i was originally a 

flashing light crossing, the only improvement option available would be 

installation of gates, with an effectiveness of E
3

, a cost of c
3 

and an 

accident reduction/cost ratio of AiE
31c3. 

The resource allocation algorithm systematically computes the accident 

reduction/cost ratios, including incrementals, of all allowable improvement 

options for all crossings under consideration. The individual accident 

reduction/cost ratios which are associated with these imprpvements are 

selected by the algorithm in an efficient manner to produce the maximum 

accident reduction which can be obtained for a predetermined total cost. This 

total cost is the sum of an integral number of equiµnent costs ( c
1

, c
2 

and 

c
3
). The total, maximum accident reduction is the sum of the individual 

accident reductions of the form A.E .. 
l J 

A flow diagram describing the logic of the resource allocation algorithm 

is shown in Figure 4-1. The input to this program consists of the set of 

crossings for which the model is to apply, the accidents predicted per year 
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for these crossings, the six warning device parameters (E 1, E2 , E
3

, c1 , c2 , 

c
3
), and the funding level (CMAX) which determines where the calculation is to 

stop. 

The algorithm, described in Figure 4-1, proceeds according to the 

following steps in computing optimal resource allocations. 

Step 1: The reasonable assumption is made for the algorithm that E
2 

> E
1 

and c2 > c1. This assumes that gates are more effective at passive crossings 

than flashing lights and that gates cost more. However, the effectiveness/ 

cost ratio for flashing lights (E 1;c1) could be greater or less than that for 

gates CE/C). If E/C 1 > E/C2 , the algorithm computes incremental accident 

reduction/cost ratios for all allowable improvements at each crossing 

according to the procedure outlined in step 2A below. Step 2A is based on the 

assumption that flashing lights have a greater effectiveness/cost ratio than 

gates. If the opposite is true -- that gates have an effectiveness/cost ratio 

equal to or "greater than flashing lights (E 1/c 1 ~ E2;c2) -- then step 2B is 

followed for computing the improvement accident reduction/cost ratios. Step 

2B assumes that gates will always be installed at passive crossings. 

Step 2A: In step 2A, two accident reduction/cost ratios are calculated 

for each single-track passive crossing, AiE
1
;c

1 
and the incremental ratio Ai 

(E
2

-E 1)/(C
2
-c

1
), where Ai is the number of accidents predicted per year for 

the crossing. These two ratios correspond to the two actions available for 

single-track passive crossings, either to install flashing lights or a revised 

decision to install gates. For multiple-track passive crossings, only the 

accident reduction/cost ratio for installation of gates is calculated 

( Ai E2/c2 ), to conform with Federal regulations. For each crossing equipped 

with flashing lights; the algorithm computes AiE/C
3

, corresponding to an 

upgrading from flashing lights to gates.. The accident reduction/cost ratio is 

represented in uni ts of accidents prevented per year per dollar. 

Step 2B: The algorithm computes the accident reduction/cost ratio AiE2/c2 
for passive crossings and the ratio AiE

3
1c

3 
for crossings with flashing 

lights. These accident reduction/cost ratios are associated with installing 

only iates at crossings. For the step 2B case, these actions are always 
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NO 

a. 
b. 

c. 

d. 

STEP 1 

YES NO 

STEP 2B 

elec Lross1ng a. Select Crossing 
If Passive Single Track, 
Calculate AR/C Ratios: 

b. If Passive, Calculate AR/C 

A. ( El\ (Ez-El) 
1 c;- J and Ai c

2
-c

1 
If Passive, Multiple Track, 
Calculate AR/C Ratio: A. (E 2;c2 If Flashinq Liqht, 1 

CalculateAR/C Ratio: A;(E/C 3) 

STEP 3 

Rank All 
Incremental 

----..-. AR/C Ratios 

::r~~) 
c. If Flashing Light, 

Calculate AR/C Ratio: 

Ai( .:1_) u, 

YES 

STEP 4 

a. Select first entry. Record warning 
System, accident reduction and cost. 

b. Select succeeding entries. Update 
warning system decisions. Compute 
cumulative total accident reduc
tions and costs. 

NO 

FIGURE 4-1. RESOURCE ALLOCATION ALGORITHM 

33 

NO 



optimal to the alternative of installing flashing lights, since the accident 

reduction/cost ratio and the absolute cost of gates are greater than for 

flashing lights. 

Step 3: Regardless of whether step 2A or 2B is followed, all of the 

accident reduction/cost ratios calculated by the algorithm are ranked with the 

largest first. The list of accident reduction/cost ratios represents a 

sequence of optimal decisions starting with the top of the list. 

Step 4: This step consists of a series of iterations, where the algorithm 

progresses down the list of ranked accident reduction/cost ratios. This 

process is equivalent to making the optimum decision of achieving the maximum 

accident reduction for each additional increment in cost incurred. If the 

accident reduction/cost ratio at any given step on the list is calculated as 

AiE 1/c 1, a decision is made to install flashing lights at a passive crossing, 

with an accident reduction of AiEl and cost of c1 . If the accident 

reduction/cost ratio is Ai (E
2

-E
1
)/(C

2
-c

1
), a previous decision to install 

flashing lights is changed to installation of gates at a passive crossing. 

The incremental accident reduction of changing the previous decision is 

Ai(E2-E 1), and the incremental cost is c
2
-c 1. If the accident reduction/cost 

ratio is AiE2;c2 , then a decision is made to install gates at a passive 

crossing without prior consideration of flashing lights. The accident 

reduction is Ai E2 at a cost of c2 . If the accident reduction/cost ratio is 

AiE
3
1c

3
, then a decision is made to install gates at a crossing which had 

flashing lights. The accident reduction is AiE
3 

at a cost of c
3

. The total 

accident reduction at each step is the sum of the previous accident 

reductions, and the total cost is the sum of the previous costs. 

In addition to determining the total accident reduction and cost at each 

step, the algorithm also determines the particular warning systems which are 

to be installed at particular crossings. Since the crossings which were 

affected are known, the accident prediction, accidents, location, and all 

other in format ion in The Inventory for those crossings, are al so known. Thus, 

the output of the program could include any of this information and any 

computations based on this information. Several types of output are shown in 

Section 5.2. 
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Step 5: The cumulative total cost at each ··step, proceeding- down the list; 

of accident reduction/cost ratios, is compared with the total funding limit 

specified as input to the algorithm. When the total cost equals or exceeds 

this limit, the program ends. Otherwise, the sequential procedure described 

in step 4 continues. 

4.2.2 Demonstration of Algorithm 

To demonstrate operation of the algorithm, an example which considers the 

three crossings described in Table 4-2 follows. The predicted accidents per 

year and current warning device information for the crossings together with 

assumed warning device cost and effectiveness parameters, presented in Table 

4-3, constitute the input data for the algorithm. 

TABLE 4-2. SAMPLE CROSSINGS FOR ALGORITHM DEMONSTRATION 

PREDICTED 
CURRENT ACCIDENTS 
WARNING PER YEAR 

CROSSING DEVICE Ai 

x, (single track) Passive A1 = 0.3 

x2 Flashing A2 = 0.2 
Lights 

x3 Flashing A3 = 0. 1 
Lights 
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EXISTING 
WARNING 
DEVICE 

Passive 

Flashing 

TABLE 4-3, EFFECTIVENESS/COST INPUT DATA 

- - - - - PROPOSED WARNING DEVICE - -

FLASHING LIGHTS AUTOMATIC GATES 

EQUIPMENT 
EFFECTIVENESS 

EQUIPMENT 
COST 

c1 = $25,000 

EQUIPMENT 
EFFECTIVENESS 

E2 = 0.9 

E
3 

= 0.667 

EQUIPMENT 
COST 

c2:$45,000 

c
3
:$35,000 

The algorithm proceeds through the following steps which were described in the 

previous section and in Figure 4-1. 

Step 1: The effectiveness/cost ratio for flashing lights (E,JC
1

) is 

greater than that for gates (E/C2) hence the algorithm follows step 2A. (See 

Figure 4-1.) This implies that the most effective first action which can be 

taken at a passive crossing is the installation of flashing lights. 

Step 2A: The crossings are selected for analysis by the algorithm in the 

order they appear in Table 4-2. For each crossing selected, the appropriate 

accident reduction/cost ratios are calculated, corresponding to all the 

allowable warning device improvements which may be made. The results of these 

calculations are shown in Table 4-4. 

Step 3: The accident reduction/cost ratios as calculated in step 2A are 

ranked in descending order, beginning with the largest. The warning device 

improvement action at each crossing, represented by the ratios and 

corresponding cumulative accident reduction and cost, are tabulated in Table 

4-5. 
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w ......, 

TABLE 4-4, STEP 2: CALCULATION OF ACCIDENT REDUCTION/COST RATIOS 

- - - - - - - - - - - - - IMPROVEMENT OPTIONS - - - - - - - - - - -

CURRENT 
WARNING 

CROSSING DEVICE 

INSTALL 
FLASHING LIGHTS 
AT PASSIVE 
CROSSING: 

A.RIC = A.(EJ..) 
1 c, 

Passive, 
Single Track 

Flashing 
Lights 

Flashing 
Lights 

REVISE DECISION 
FROM INSTALLING 
FLASHING LIGHTS 
TO GATES AT 
PASSIVE CROSSING: 

AR/C = A.(E~E2) 
1 c

2 
- c

1 

0. 7 ) 
25,000 

INSTALL GATES 
AT FLASHING 
LIGHT 
CROSSING: 

AR/C c .. (:;) 

AR/C = 0_2 ( o.667) 
35,000 

= 3. 8 X 10-6 

AR/C 0. 1 ( 0.667) = 35,000 

= 1.9 X 10-6 



TABLE 4-5. STEP 3: RANKING OF ACCIDENT REDUCTION/COST RATIOS 

~E .A. ~c. 
E.A. J l J 

J l CUMULATIVE 
ACCIDENT WARNING DEVICE ACCIDENTS ACCIDENTS CUMULATIVE 

REDUCTION/COST IMPROVEMENT REDUCED REDUCED COSTS 
RANK RATIO ACTION PER YEAR PER YEAR 

8.4 X 10-6 Install Flashing 0.21 0.21 $25,000 
Lights at 
Crossing x

1 

2 3.8 X 10-6 Install Gates at 0. 13 0.34 $60,000 
Crossing x

2 

3 3.0 X ,o-6 Install Gates at 0.06 0.40 $80,000 
Crossing X 

1 

4 1.9 X ,o-6 Install Gates at 0.07 0.47 $115,000 
Crossing X .•. 

3 

Step 4: From the ranked list in Table 4-5, the first action selected by 

the algorithm corresponds to the first ranked accident reduction/cost ratio: 

installation of flashing lights at crossing x1 with a cost of $25,000. The 

next action selected by the algorithm corresponds to the next ranked 

accident reduction/cost ratio: installation of gates at crossing x
2

, 

resulting in a cumulative cost of $60,000 for the first two projects. The 

algorithm proceeds in this manner until the cumulative total cost of all 

improvement actions equals the available funding (CMAX). It should be noted 

that the third action selected by the algorithm does not involve an additional 

crossing, but revises an earlier decision to install gates rather than 

flashing lights at crossing x1. This type of revision is typical of the 

algorithm for normal applications, as additional funding is made available. 

For the above example, if a total of $115,000 were available for improvements 

(CMAX = $115,000), the algorithm would proceed through the fourth item on the 

list involving crossing x
3

. The overall improvement actions for $115,000 

would result in the installation of gates at all three crossings. 
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4.2.3 Warning Device Cost Data 

As described above, the resource allocation model requires data ~n the 

costs of the warning device improvement options. A study has been performed 
_.'7· 

to determine average national values for these costs. (Ref. 5) The:costs 

determined include the initial installation costs and the net present value 

(NPV) maintenance costs over the life of the ~quiµnent which are added 

together to yield the total life cycle cost: These costs in 1977 dollars are 

shown in Table 4-6 below. 

TABLE 4-6. WARNING DEVICE IMPROVEMENT COSTS, 1977 

NPV NPV 
IMPROVEMENT INSTALLATION MAINTENANCE LIFE cYCLE 

OPTION COST COST COST 

Passive to Flashing Lights,c1 $27,400 $15,400 $42,800 

Passive to Gates, c
2 

$40,800 $24,300 $65,100 

Flashing Lights to Gates, CJ $36,700 $24,500 $61,200 

The category of costs that are used as input to the resource allocation 

model (installation, maintenance, life cycle or some combination of these) can 

be determined at the discretion of the user. Installation costs reflect the 

immediate costs to the state and Federal Government of completing the project. 

Maintenance costs are the long term recurring costs of the project, usually 

to the railroads; however, some states share in these costs. Total life cycle 

costs reflect the project's total cost over its useful life. 

Since the costs shown in Table 4-6 have been inflating rapidly, a 

procedure has been developed to produce multipliers for the installation and 

maintenance costs that will "increase their amounts to current dollars. The 

procedure uses the annual index of charge-out prices and wage rates from the 

AAR. (Ref.6) 
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The inflation multiplier for installation costs (MI) is determined from 

the average increase in the "Other Material" index, (OM) and the "Wage Rate" 

index (WR) from their 1977 values of 217 and 227, respectively: 

MI= (OM/217 + WR/227) 
2 

where 

MI= inflation multiplier for installation costs 
OM= other material index for the current year 
WR= wage rate index for the current year 

(4-1) 

The 1980 annual values for the indexes (published January 30, 1981) were 

OM= 291.4 and WR= 301.6; hence, MI for 1980 is: 

= (291.4/217 + 301.6/227) 
2 

= 1 • 34 

The inflation multiplier for maintenance costs (MM) is a weighted average 

of 95 percent of the installation cost multiplier (MI) and 5 percent of the 

increase in the "Fuel" index (F) from its 1977 value of 390: 

MM = MI x 0.95 + (F/390) x 0.05 

where 

MM= inflation multiplier for maintenance costs 
F = fuel index for the current year 

(4-2) 

The 1980.annual value for the fuel index (F) is 908.8; hence, MM for 1980 

is: 

MM 1980 = 1.34 X 0.95 + (908.8/390) X 0.05 

/ = 1 • 39 

Applying the 1980 multiplier values to the 1977 costs shown in Table 4-6 

yields the 1980 warning device improvement costs shown in Table 4-7 below. At 

any future time, the 1977 costs can be increased to reflect current values 

using the procedure described above. 

40 

C 



0 

TABLE 4-7. WARNING DEVICE IMPROVEMENT COSTS, 1980 

IMPROVEMENT 
OPTION 

INSTALLATION 
COST 

1977 COST x 1.34 

Passive to Flashing Lights, c1 

Passive to Gates, c
2 

Flashing Lights to Gates, c
3 

$36,700 

$54,700 

$49,200 

NPV 
MAINTENANCE 

COST 
1977 COST X 1.39 

$21,400 

$33,800 

$34,100 

NPV 
LIFE CYCLE 

COST 

$58,100 

$88,500 

$83,300 

The cost values shown in Table 4-7 are national averages, and their use 

will produce a reasonable set of decisions by the resource allocation model, 

which will be useful in formulating improvement programs. The study to 

determine these costs did not reveal any significant shifts in costs by region 

of the country, al though some variation by railroad was observed. If other 

figures for the average costs of improvements are available, and are thought 

to more accurately reflect the application in question, these figures may be 

substituted f:ir those suggested here. 

Use of average costs introduces the simplification of not accounting for 

the actual variation in costs that can occur from one project to another. 

Average values assume, for example, that. all passive crossings upgraded t:i 

gates will cost the same. If the user can determine more accurately the 

actual variation in costs for improvement :iptions on all crossings being 

considered, these costs could be used. To do so, however, will require 

modification of the model program to permit cost data to be input on an 

individual crossing basis. The model program currently accepts only the three 

cost values (c
1

,c
2

,c
3

,) as input. 

Caution should be exercised in adjusting the costs of a few selected 

projects while assigning average costs to all other projects. If this is 

done, decisions regarding the adjusted crossings may be unreas:inably biased by 

the algorithm. The effect on individual crossing decisions of changes in a 

crossing's cost characteristics from the average values can be determined 
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manually, using a procedure described in Section 4.2.5. With this procedure, 

all other decisions by the algorithm will remain constant, while it can be 

determined if the decision regarding the crossing in question will change with 

the new cost values. 

4.2.4 Warning Device Effectiveness Data 

Two investigations have been performed to determine the effectiveness of 

warning devices in reducing accidents at rail-highway crossings. The most 

recent study used information in The Inventory and the FRA accident reporting 

system. (Ref. 7) This study compared the accident rates at crossings both 

before and after warning device improvements had been made to determine their 

effectiveness during the period from 1975 to 1978. An earlier study was 

performed in 1974 by the California Public Utilities Commission ( Ref .8). This 

study examined accident rates before and after upgrades at 1552 California 

crossings over the period from 1960 to 1970. The results of these studies are 

shown in Table 4-8 in terms of the effectiveness values E1, E2 and E
3 

for the 

three improvement options considered by the resource allocation model. 

TABLE 4-8. EFFECTIVENESS OF WARNING DEVICE IMPROVEMENTS 

WARNING DEVICE 
IMPROVEMENT 
OPTION 

Passive to Flashing Lights, 

Passive to Gates, E2 

Flashing Lights to Gates, E3 

El 

DOT 
STUDY, 1980 

0.65 

0.84 

0.64 

CALIFORNIA 
STUDY, 1974 

0.64 

0.88 

0.66 

The effectiveness values resulting from the two studies are quite similar. 

In fact, the average values from the California study all fall within the 95-

percent confidence interval of the DOT study results. The question arises as 

to which set of values to use for the resource allocation model. As with the 

cost data, any set of values which the user feels accurately reflect the 

situation being evaluated may be used. Without other information to the 

contrary, the effectiveness values from the DOT study are recommended, since 
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they were most recently deve,loped, and used the largest data base of national 

scope. The DOT results are currently (summer, 1981) being recalc,Jlated, using 

additional data added t:i The Invent:iry and accident files since the previous 

study was completed. It is ~xpected that the effectiveness values shown in 

Table 4-8 may change slightly as a result of this work. These values sh:iuld 

therefore not be thought of as constants. 

4.2.5 Field Verification and Revision of Resource Allocation Results 

Crossings selected for improvements by the resource allocation model 

should be inspected by a diagnostic team to determine the accuracy of input 

data and the reasonableness of the recommended improvement. The inspection 

may show that data from The Inventory are not correct, resulting in an 

inaccurate predicted accident rate. Also, the assumed warning device 

effectiveness and cost may be found inappropriate for the particular crossing. 

In addition, the diagnostic team should make note of hazardous conditions at 

crossings, such as limited sight distance or hazardous materials traffic, that 

are not included in the resource allocation model but should be considered 

before making a final decision. A manual procedure has been developed to 

evaluate the impact of changes in crossing data on the improvement decision 

made by the resource allocation model, This procedure can be performed 

without rerunning the model and is incorporated in a w:irksheet, shown in 

Figure 4-2. The worksheet, guides the diagnostic team through the on-site 

evaluation procedure using a five-step set of instructions. 

Steps 1, and 2 of the worksheet involve validating crossing characteris

tics data, and recalculating the predicted accidents if any of the data is 

revised. Step 3 validates the cost and effectiveness assumptions for the 

recommended warning device. As a result of completing steps 1, 2 and 3' three 

basic inputs to the resource allocation model may have changed: ( 1) number of 

predicted accidents (A);(2) warning device effectiveness ( E) ; and ( 3) warning 

device cost ( C) • Step 4 of the worksheet describes the procedure for 

determining if any input changes will affect the improvement decision. If any 

of these inputs changed, the parameter (R) is then calculated, using the 

formula below and described in part 2 of step 4: 
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RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION PROCEDURE 

VERIFICATION WORKSHEET 

This worksheet provides a format and instructions for use in field evaluation of 
crossings to determine if initial recommendations for warning device installations 
from the R·esource Allocation Procedure should be revised. Steps 1 through 5, 
described below, should be followed in making the determination. In Steps 1 and 
3, the initial information (left column) is obtained from office inventory data 
prior to the field inspection, In Step 4, the decision criteria values are 
obtained from the Resource Allocation Model printout. 

STEP 1: VALIDATE DATA USED IN CALCULATING PREDICTED ACCIDENTS, 

CROSSING 
CHARACTERISTIC 

Croa ■ing Number 

Location 

Existing Warning Device 

Total Trains Per Day (t) 

Annual Average Daily Highway Traffic (c) 

Day Through Trains (d) 

Number Of Main Tracks (mt) 

Is Highway Paved? (hp) 

Maximum Timetable Speed, mph (ms) 

Highway Type (ht) 

Number Of Highway Lanes (hl) 

Number Of Years Of Accident History (Tl 

Number Of Accidents In T Years (N) 

Predicted Accident Rate (A) 

INITIAL REVISED 
INFORMATION INFORMATION 

STEP 2: CALCULATE REVISED ACCIDENT PREDICTION FROM DOT FORMULA IF ANY DATA 
IN STEP 1 HAS BEEN REVISED, 

(. Revised Predicted Accidents (A)= 

STEP 3: VALIDATE COST AND EFFECTIVENESS DATA FOR RECOMMENDED WARNING DEVICE, 

Aaoumed Effectiveneos Of Recommended Warning Device (E) 

Assumed Coat Of Recommended Warning Device (C) 

Recommended Warning Device Installation 

INITIAL REVISED 
INFORMATION INFORMATION 

FIGURE 4-2. "F"IELD VERIFICATION WORKSHEET" 
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VERIFICATION WORKSHEET (CONTINUED) 

STEP 4: DETERMINE IF RECOMMENDED WARNING DEVICE IS REVISED IF A, E OR CHAS CHANGED, 

Instructions For Detennining If Recommended Warning Device Should Be Revised 

1, Obtain Decision Criteria Values From Resource Allocation Model Output: 

DC• DC• DC• DC• 1-- 2-- 3-- 4--

Revised A Revised E Previous C 
2• Calculate: R • Previous Ax Previous Ex Revised C 

3, Compare R With Appropriate Decision Criteria As Shown Below: 

3a, Existing Passive Crossing 
(Classes 1, 2, 3, 4) 

Single Track 

3b, Existing Passive Crossing 
(Classes 1, 2, 3, 4) 

Multiple Tracks 

3c. Existing Flashing Light Crossing 
(Classes ·5, 6, 7) 

Comparison Decision Comparison Decision Comparison Decision 

DC
2 

S R Gates DC 3 S R Gates DC 4 S R Gates 

De
1 

S R < DC
2 

Flashing Lights R < DC 3 No Installation R < DC 4 No Installation 

R < DC
1 

No Installation 

4. Revised Recommended Warning Device Installation: 

STEP 5: DETERMINE OTHER CROSSING CHARACTERISTICS THAT MAY INFLUENCE WARNING DEVICE 
INSTALLATION DECISIONS, 

Multiple tracks where one train/locomotive may obscure vision of another train? 

Percent trucks 

Passenger train ope~ations over crossing? 

** High speed trains with limited sight distance? 

Combination of high speeds and moderately high volume• of highway 
and railroad traffic?~* 

Either, or any combination of, high vehicular traffic volumes, high 
numbers of train ~ovements, substantial numbers of Achool buses or 
trucks carrying hazardous materials, unusually restricted sight distance 
or continuing accident occurrences?** 

* The cost and effectiveness values for the revised warning device are assumed 
to change by an amount proportional to the change in these values for the initial 
reco!mllended warning device as determined in Step 3, 

** Gates with flashing lights are the only recommended warning device per 
23CFR 646,214(b)(3)(i), 

FIGURE 4-2 "FIELD VERIFICATION lvORKSHEET" (cont'd) 
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R = 
Revised A 

X 
Revised E 

X 
Previous C (4-3) 

Previous A Previous E Revised C 

The value of R is the ratio of the revised to previous accident 

reduction/cost ratio, for the original recommended improvement action. The R 

value is then compared with the appropriate decisi::Jn criteria values (DC
1

, 

DC 2 , oc
3

, and DC 4) as described within part 3 of step 4 on the worksheet. The 

decision criteria values are obtained from the standard output report (Figure 

5-14) of the resource allocation model. The result of this comparison will 

determine if the original recommended improvement should be revised. 

The decision criteria values are computed by the standard program of the 

resource allocation model for each crossing considered (see Section 5,2 for 

description of programs). The formula for computing the four decision 

criteria are shown below: 

oc, = ACm/[Ai CE/C1)J (4-4) 

DC2 = ACm/[Ai(E2-E 1)/(C2-C 1)J (4-5) 

oc
3 = A Cm/ [ Ai ( E2/ c2) ] (4-6) 

DC4 = ACm/[Ai(E31c
3

)J (4-7) 

where 

ACm = the minimum accident reduction/cost ratio corresponding t::J the last 

( lowest) improvement action selected by the resource allocation model 

The decision criteria represent the amount by which the accident 

reduction/cost ratio for a particular improvement action can be changed and 

still be selected by the model. The improvement actions corresponding to the 

decision criteria (DC 1, oc2 , oc
3 

and DC 4) are, respectively, single-track 

passive to flashing lights, single-track passive to gates, multiple-track 

passive to gates, and flashing lights to gates. Comparing the R value to the 

decision criteria is equivalent to determining if the actual change in 
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accident reduction/cost ratio due to revised data is still within the limits 

permitting selection of the same improvement action. 

To demonstrate use of the revision procedure, the following example is 

provided. A single-track passive crossing was selected by the resource 

allocation model for upgrading to gates. This crossing is listed as the 14th 

crossing (ID# 740858L) on the sample standard output report of the resource 

allocation model, Figure 5-14. The crossing was inspected by a diagnostic 

team, and it was found that some of the data from The Inventory used in 

calculating the predicted accidents were incorrect. In addition, the assumed 

values for the cost and effectiveness of gates at the crossing were deemed 

inappropriate. Using the new data, a revised prediction of accidents was 

calculated according to the tabularized prcocedure described in Section 5.1.1. 

The previous and revised accident prediction, cost, and effectiveness 

parameters for the crossing are listed belcow: 

Predicted Accidents, A 

Warning Device Effectiveness, E 

Warning Device Cost, C 

Previous 

0. 17 

0.84 

$88,500 

Revised 

0.20 

0.95 

$150,000 

Using the above data, the R value is calculated using equation 4-3 (also 

shown on the worksheet, step 4, part 2): 

R = ( .20/ .17) ( .95/ .84) (88,500/150,000) 

= 0.785 

The decision criteria for this crossing, obtained from the standard output 

report of the resource allocation model, Figure 5-14, are: 

DC1 = 0.482 

DC2 = 0.809 

DC
3 = not computed since the crossing is single track 

DC 4 = not computed since the crossing is passive 
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Comparing R with the decision criteria values, as described in step 4, 

part 3a of the worksheet, shows that R is greater than DC
1

, but less than nc
2

. 

This means that the original decision to install gates at this crossing should 

be revised to install flashing lights as the most cost-effective decision if 

the new data for the crossing are assumed correct. 
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5. APPLICATION OF DOT RESOURCE ALLOCATION PROCEDURE 

5.1 DOT ACCIDENT PREUICTIUN FORMULA 

5. 1.1 Manual Calculation of Predicted Accidents 

If the number of preuicted acciJents is required for a fe~1 crossings, a 

convenient manual procedure can be used, employing the formula tables 

presented in Section j,2. 1:anual use of the DOT accident prediction formulil 

is illustrated in the following example. Characteristics of the sample 

cros::sing for whicL the number uf predicted 8Ccicients is to be determined ilre 

shown ir1 Table '.J-1. 

TAGLE '..>-1. Cl·iAfiACTERI:STICS UF SAl:PLE CROSSING 

CHAkACTf::1-'1::iTIC V/1LUE 

Prestnt 11arnir1g device: 
Annual average daily highway traffic 
Total number of trains movements per day 
Number of m~in tracks 
1,uml.Jer of thru tr;,ins per uc:y during daylight 
Highway p1:<ved? 
l'\ax ir,w111 t.i:ne:till.Jle speed, mph 
Highway type 
llumlier of highway l1:<r1es 
Number ot· years accident. data, T 
Number of &ccid~nts, ~. in l ye~r~ 

Crossbucks 
350 
10 
2 
J 
yes 
40 
rural minor arterial (06) 
2 
4 
2 



First, the basic formula (Equation 3-2) is used to determine the initial 

accident prediction (a). The basic formula is repeated below: 

a = K x EI x MT x DT x HP x MS x HT x HL 

where 

a= initial accident prediction 

K = constant 

EI = factor for exposure ( product of highway and train traffic) 

MT = factor for number of main tracks 

DT = factor for number of thru trains per day during daylight 

HP= factor for highway paved (yes or no) 

MS= factor for maximum timetable speed 

HT= factor for highway type 

HL = fact-::ir for number of highway lanes 

The basic formula factor values (K, EI, MT, DT, HP, MS, HT and HL) can be 

determined from Table 3-7 for passive crossings, using the crossing's 

character'istics listed in Table 5-1: 

K = • 002268 

EI = exposure index factor value f:>r the product of 350 average daily 

highway vehicles times 10 total train movements per day Cc x t = 3500) 

= 25.98 

MT = 1.52 

DT = 1.55 

HP = 1.00 

MS = 1.36 

HT = 0.82 

HL = 1.00 

Substituting the fact-::ir values into the basic formula yields: 
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a = K x EI x MT x DT x HP x MS x HT x HL 

: 0.002268 X 25.98 X 1.52 X 1.55 X 1.00 X 1.36 X 0.82 X 1.00 

= 0.15 accidents per year 

The final accident prediction (A) is determined by combining the initial 

prediction (a) with the crossing's accident history using Tables 3-1 thru 3-5, 

which are developed from the DOT accident prediction formula (Equation 3-1). 

For the sample crossing, 2 accidents (N) occurred over the past 4 years (T); 

therefore, Table 3-4 is used. With an initial accident prediction (a= .15) 

which is between 0.10 and 0.20, it can be seen from Table 3-4 that the final 

accident prediction (A) will be between 0.25 and 0.35. A reasonable estimate 

of A can be determined from linear interpolation: 

A= 0.25 + [(0.15-0.10) /(0.20-0.10)] [0.35-0.25] 

= 0.30 accidents per year 

5.1.2. Computer Pr"ograms for Calculation of Predicted Accidents 

This section describes procedures for using the DOT accident prediction 

formula computer programs to obtain the number of predicted accidents per year 

for large numbers of crossings, and to list the crossings ranked by number of 

predicted accidents. Complete information for making the computer runs is 

supplied, provided the required input data are available and are in the format 

specified here. Modifications can be made to the programs to accept a 

different format. Data in the format specified here can be obtained from the 

° Federal Railroad Administration, Office of Safety. 

Three separate FORTRAN programs are used to obtain the number of predicted 

accidents. The first program uses the basic accident prediction formula to 

calculate the initial accident prediction (a) for input into the second 

program, which uses the DOT accident prediction formula to calculate the final 

predicted accidents ( A)·. The third program generates the output in a report 

format. The three programs are run sequentially according to the following 

steps. 
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1. Execute the basic accident prediction formula program. 

2. Execute the DOT accident prediction formula program. 

3. Sort the output from step 2 in descending order of number of predicted 

accidents. 

4. Execute the accident prediction report program. 

The basic accident prediction formula FORTRAN program is shown in Figure 

5-1. This program uses the foll:,wing equations to calculate the basic number 

of predicted accidents (a). For warning device classes 1 through 4, the 

equation is: 

a= 0.00984 

where 

2x 
e 

x = 0.3839 log
10 

Cc x t + 0.2) + 0.1538 log (d + 0.2) 
10 

- 0,3080 hp+ 0.003855 ms - 0.04991 ht+ 0,1047 mt 

For warning device clases 5 thr:,ugh 7 the equation is: 
2x a= 0.00551 e 

where 

X = 0,3400 log
10 

(c X t + 0.2) + 0.05415 log
10 

(d + 0.2) 

+ 0.05442 mt+ 0.06900 hl 

For warning device class 8 the equation is: 

a= 0.00162 e2x 

where 

x = 0.3588 log 10 Cc x t + 0.2) + 0.1456 mt+ 0.05180 hl 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS PROGRAM CALCULATES PREDICTED ACCIDENTS USING 
THE BASIC FORMULA 
INPUT MUST BE IN THE 50 CHARACTER FORMAT PLUS 
SIX YEARS OF ACCIDENT HISTORY 
UNIT 16 - INVENTORY INPUT FILE 
UNIT 17 - INVENTORY OUTPUT FILE WITH BASIC PREDICTED 

ACCIDENTS 
UNIT 5 - SUMMARY OUTPUT FILE 

INTEGER YElR, □LDCL,CLASS,TRAINS,DT,SPEED,TRACKS,P~VE,FClO,FCl, 
~ HT,AADT 

DIMENSION EFF(6),ITEM1(5),ITEM3(4) 
INTEGER RURAL(9),URBAN(9) 
UAlA RURAL/1,2,0,0,0,3,4,5,6/ 
DATA URB AN/1, 2, 0,3, O, 4,5, O, 6/ 
DATA EFF/.35,.16,.36,2.86,6.25,2.78/ 
NREC=O 
i-lTOT=O.O 

100 READ(16,9100,END=900) ITEMl,YEAR,MONTH,OLDCL,NEWCL,TRAINS,DT, 
• SPEED,TRACKS,ITEM2,PAVE,LANES,FC10,FC1,AADT,ITEM3 

9100 F0RMAT(5A4,2I2,211,I3,I2,13,Il,A3,4Il,I6,3A4,A2) 
T=TRAINS 
C=AADT 
D=DT 
CLASS=NEWCL 
IF(YEAR.GT.75} CLASS=OLDCL 
IF{OLDCL.EQ.9) CLASS=NEWCL 
GO TO (200,200,200,200,300,300,300,400),CLASS 
GO TO 100 

C CROSSBUCKS EQUATION 
200 IF(FCl.EQ.O) G □ TO 220 

IF(FClO.NE.O) GO TO 210 
tlT=RURAL(FCl) 
GO TD 230 

210 IF{FClO.NE.l) GO TO 220 
i:iT=U RB AN (FCl) 
GD TO 230 

220 iir=O 
230 X=O.J839*ALOG10(C*T+0.2)+0.1538*ALOG10(0+0.2)-0.3080*PAVE 

* +0.003855*SPEED-0.0499l*HT+0.1047*TRACKS 
H=0.00984*EXP(2*X) 
GO TO 500 

~ C FLASHING LIGHTS EQUATION 
300 X=0.3400*ALOG10(C*T+0.2)+0.05415*ALOG10(0+0.2)+0.05442*TRACKS 

* +0.05900*LANES 
H:0.00551*EXP(2*X) 
GD TO 500 

FIGURE 5-1. BASIC ACCIDENT PREDICTION FORMULA PROGRAM 
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C GATES EQUAT10N 
400 i=0.3588*ALDG10(C*T+0.2)+0.1456*TRACKS+0.05180*LANES 

rl=0.00162*EXP(2*X) 
C MODIFY UPG~ADES/DOWNGRADES BY EFFECTIVENESS 

C 

500 IF(CLASS.EQ.NEWCL) GO TO 600 
IF(DLDCL.GT.~E~CL) GD TO 550 
~=2 

550 

555 

600 

* 
9500 

900 
9900 

* 

IF(~E«CL.NE.8) K=l 
If(OLDCL.GT.4) K=3 
GD TD 555 
K=5 
IF( □ LD:L.NE.8) K=4 
If(NEWCL.GT.4) K=6 
H=n*Eff(~) 

rtTJT=HTOT+rt 
~R£C=NkEC+l 
~RITE(l?,9500) H,ITEµl,YEAR,M□ NTH,DLDCL,NEWCL,TRAI~S,DT,SPEED, 

TRACKS,ITEM2,PAVE,LA~ZS,FC10,FC1,AADT,ITE~3 
f0RMAT(Fl0.7,5A4,2I2,2Il,I3,!2,I3,Il,A3,4Il,I6,3A4,A2) 
GD TO 100 
~~ITE(S,9900) HT □ T,NREC 

FO~MlT(' TOTAL BASIC PREDICTED ACCIDE~TS = •,Fl0.3 / 
• TOTAL NU~SER OF CROSSISGS = ',16) 

STJP 
ENJ 

FIGURE 5-1. BASIC ACCIDENT PREDICTION FORMULA PROGRAM (Cont'd) 
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The variables used in the above ~quations are as defined in Section 3.2.2. 

For warning device classes 1 through 4, the appropriate highway type (ht) 

value is listed in Table 3-6. The equations in Table 3-6 were algebraically 

derived from the above equations, so the basic number of predicted accidents 

could be expressed as a product of factors to be looked up in tables. A 

variable dictionary for the basic ace ident prediction formula program is given 

in Table 5-2. 

The basic accident prediction formula computes the initial predicted 

accident rate for each crossing on the basis of the crossing's current warning 

device class. If, during the last five years, a change in warning device took 

place, the formula computes the predicted accidents on the basis of the 

previous warning device class. An adjustment is then made to the predicted 

accidents using the appropriate effectiveness factor (see Table 4-8) to 

account for the influence of the warning device change. For individual 

crossings, this procedure more accurately determines the short term (less than 

5 years) change in the crossing's accident rate than use of the basic formula 

for the new warning device. For example, if a passive crossing was upgraded 

to gates, the passive formula would be used, the results of which would be 

multiplied by the effectiveness factor for gates (1.0 - 0.84) to obtain the 

initial predicted accidents for the crossing with gates. Similarly, the 

predicted accidents would be divided by the effectiveness of the new warning 

device if a downgrade took place. 

Sample input to the basic accident prediction formula program is shown in 

Figure 5-2. Each record represents one crossing, and is formatted according 

to the data field descriptions given in Table 5-3. Those fields marked with 

two asterisks are the minimum necessary input to the basic accident prediction 

formula. Fields 20 through 25 are used in the DOT accident prediction 

formula. Other fields are used for identification and location of crossings, 

for the field verification worksheets, and for input to the resource 

allocation model. The source of fields 1 through 19 is the U, S. DOT-AAR 

National Rail-Highway Crossing Inventory; fields 20 through 25 are from the 

FRA Railroad Accident/Incident Reporting System. Both data bases are 

maintained by the Federal Railroad Administration, Office of Safety. 
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VARIABLE 
NAME 

AADT 
C 
CLASS 

D 
EFF 
DT 
FC1 

FC10 

H 
HT 
HTOT 
ITEM1 
ITEM2 
ITEM3 
K 

LANES 
MONTH 
NEWCL 
NREC 
OLDCL 
PAVE 
RURAL 
SPEED 
T 
TRACKS 
TRAINS 
URBAN 
X 

YEAR 

TABLE 5-2. VARIABLE DICTIONARY FOR THE BASIC 

ACCIDENT PREDICTION FORMULA PROGRAM 

VARIABLE 
TYPE 

Integer 
Real 
Integer 

Real 
Real 
Integer 
Integer 

Integer 

Real 
Integer 
Real 
Alphanumeric 
Alphanumeric 
Alphanumeric 
Integer 

Integer 
Integer 
Integer 
Integer 
Integer 
Integer 
Integer 
Integer 
Real 
Integer 
Integer 
Integer 
Real 

Integer 

DEFINITION 

Annual average daily vehicular traffic 
Annual average daily vehicular traffic 
Warning device class used to calculate 
H 
Number of daylight thru trains 
Effectiveness multipliers 
Number of daylight thru trains 
Units digit of functional 
classification of road 
Tens digit of functional classification 
of road 
Basic predicted accidents per year= a 
Highway type 
Total basio predicted accidents 
Holds data that is input and output only 
Holds data that is input and output only 
Holds data that is input and output only 
Category of upgrade/downgrade -

1: Passive to flashing lights 
2: Passive to gates 
3: Flashing lights to gates 
4: Flashing lights to passive 
5: Gates to passive 
6: Gates to flashing lights 

Number of highway traffic lanes 
Month of change in warning device class 
Present warning device class 
Total number of crossings processed 
Former warning device class 
Is highway paved? - 1: yes, 2: no 
Lookup table for rural highway types 
Maximum timetable train speed 
Number of trains per day 
Number of main tracks 
Number of trains per day 
Lookup table for urban highway types 
Intermediate variable in calculation of 
H 
Year of change in warning device class 
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FIGURE 5-2. SAMPLE INPUT TO THE BASIC ACCIDENT PREDICTION FORMULA PROGRAM 
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DATA 
FIELD 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 

16 
17 
18 

19 
20 
21 
22 
23 
24 
25 

COLUMN 

1 
8 

10 
13 
17 
21 

25 
26 
27 
30 
32 
35 
36 
38 

39 

40 
41 
43 

49 
51 
53 
55 
57 
59 
61 

* DATA TYPE: 

A - Alphanuneric 
I - Integer 

TABLE 5-3, INPUT DATA FIELD DESCRIPTIONS 

LENGTH 

7 
2 
3 
4 
4 
4 

1 

3 
2 

3 
1 
2 

1 
2 
6 

2 
2 
2 
2 
2 
2 
2 

DATA 
TYPE* 

A 
I 
I 
I 
A 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

FIELD 
DESCRIPTION 

CROSSING ID NUMBER 
STATE FIPS CODE 
COUNTY FIPS CODE 
CITY FIPS CODE 
FRA RAILROAD CODE 

**YEAR AND MONTH OF LAST CHANGE IN 
WARNING DEVICE 

**FORMER WARNING DEVICE CLASS 
**PRESENT WARNING DEVICE CLASS 
**TOTAL NUMBER OF TRAINS PER DAY 
**NUMBER OF DAYLIGHT THRU TRAINS 
**MAXIMUM TIMETABLE SPEED 
**NUMBER OF MAIN TRACKS 

NUMBER OF OTHER TRACKS 
DO PASSENGER TRAINS OPERATE 

OVER CROSSING? --
1: YES, 2: NO 

**IS HIGHWAY PAVED? --
1: YES, 2: NO 

**NUMBER OF TRAFFIC LANES 
**FUNCTIONAL CLASSIFICATION OF ROAD 
**ESTIMATED ANNUAL AVERAGE 

DAILY TRAFFIC 
ESTIMATED PERCENT TRUCK TRAFFIC 
NUMBER OF ACCIDENTS IN 1975 
NUMBER OF ACCIDENTS IN 1976 
NUMBER OF ACCIDENTS IN 1977 
NUMBER OF ACCIDETNS IN 1978 
NUMBER OF ACCIDENTS IN 1979 
NUMBER OF ACCIDENTS IN 1980 

** Input to basic accident prediction formula 

58 

0 



0 

Sample output from the basic accident prediction formula program is shown 

in Figure 5-3. The field descriptions and the data contained in them are 

identical to the input (Table 5-3 and Figure 5-2), except that a field of 

length 10 has been added to the beginning of each record. This field contains 

the initial predicted accidents (a) and is a real number in F10.7 format. The 

program also writes a second output file, containing the total number of 

crossings (records) processed and the total initial numbers of predicted 

accidents for those crossings. 

The output shown in Figure 5-3 is also used as input to the second FORTRAN 

program, the DOT accident prediction formula program, which is shown in Figure 

5-4. This program uses an algebraic equivalent of equation 3-1 from Section 

3,2.1 to calculate the final predicted accident rate (A). The equation used is: 

A= (To X a+ N)/(T + To) 

where 

T
0 

= 1/(0.05 + a) 

A value of 5 is used in the formula for the maximum number of years of 

accident history, even though 6 years are available. The most recent 5 years 

are used. 

If a crossing has been upgraded or opened during the 5-year period, the 

value of Tis reduced from 5 to the number of years since the crossing has 

been upgraded or opened, This same method is used for crossings which have 

been downgraded and private crossings which have changed to public crossings 

in the 5-year period. A variable dictionary for the DOT accident prediction 

formula program is given in Table 5-4. 

Sample output from the DOT accident prediction formula program is shown in 

Figure 5-5. The field descriptions and the data contained in them are 

identical to the input (Figure 5-3) except that another field of length 10 has 

been added to the beginning of each record. This field contains the final 

predicted accidents (A), and is a real number in F10.7 format. The program 

also writes a second output file, containing the total number of crossings 
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FIGURE 5-3. SAMPLE OUTPUT FROM THE BASIC 
ACCIDENT PREDICTION FORMULA PROGRAM 
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fH(S FROGRA~ CALCULATES PREOICTEC ACCIDENTS USING 
THE ACCIDt:\JT HISTORY FOi-,;MULA 11=5; 1976-801 
!~PUT ~UST Ei IN THE 60 CHA~ACfEk FLRMAT PLUS 
SIX YEAi<.S llf- ACCI CfcNT HI STCRY 
UN[l 16 1/\VENTCRY !f\PUT FILE )l[ft- dASll PlsECICTcD 

t, CC ID f:rH S 
u~rr 17 - INVENTIJRY [h.JTfJLJT F[LE 1-<lltc FIN/\L PPECl(.TED 

ACCl0ENTS 
JNIT ~ - SUMMAKY ULTPUT FILE 

INTF'GF.R Yf:Afl,ACC(S) ,TA 
J;E.\L /\ 
Cl'-1t::'~S[C\J ITEM1(5l, ITE"12181 

AIH=S.) 
Rf. A '1 ( l 6 , S l ( C , E 1~ C = ': Y C: I H , I I c I~ 1 , Y I: AR , I T E,... 2 , AC C 
F CR. 1,'\ T t r l 1J • 7 , 5 A 4 , l 2 , 7 1\4, fl 2, 5 I 2 I 

C A l ,- UL /\ T F .-J U '1 t, ER CF Y E A ; < S 
TA=··] J -Y t '•K 
IF( rt,.LT.01 TA=O 
lF(TA.GT,51 TA-=5 
T = r A 

CALCJLATI: NUMBER OF ACCICENTS 

CO b.C I=o-T,\,5 
/\=ih AC C ( I J 

CALCULATE ~FECICTEC ACCIDENTS 
TO-= l. / ( .,J5+H I 
A=( -1* lC+IJ) / I T+TO I 
tTOT=ATOT+iJ 
/\REC= /\R £C+ 1 
~ K r r E < 1 7 , s 'Jc o ) A , 11, r r f: ,~ 1 , v E "' ,, , I r !: 11 1-. , A CL 

t,90'1 FOK 'I.'\ T < 2Fl C. 7 ,SA"+, I;.>, 7.1\4 1 /\;.>, 512 l 
CO fll lCC 

S9 CJ ~ R ! TE ( 'i , 'Vi 9 '.) I ATC f, 11 REC 
s s L' q F ,~"' ,, , 1 , • T c T A L P 10:: ~ r c T r: D A c c r u ,.r s = • , r 1 u • J ; 

,:, 1 TlJT Al -~u~ Et:P 1,F CRCSS li1GS = ', I 6 l 
s fiJ,l 

FN-1 

FIGURE 5-4. DOT ACCIDENT PREDICTION FORMULA PROGRAM 
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VARIABLE 
NAME 

A 
ACC 
ATOT 
H 
I 
ITEM1 
ITEM2 
N 
NREC 
T 
TO 

TA 
YEAR 

TABLE 5-4 VARIABLE DICTIONARY FOR THE DOT 
ACCIDENT PREDICTION FORMULA PROGRAM 

VARIABLE 
TYPE 

Real 
Integer 
Real 
Real 
Integer 
Integer 
Integer 
Real 
Integer 
Real 
Real 

Integer 
Integer 

DEFINITION 

Final predicted accidents per year 
Accident history for 1976 through 1980 
Total predicted accidents 
Initial predicted accidents per year= a 
DO loop index 
Holds data that is input and output only 
Holds data that is input and output only 
Number of accidents in T years 
Total number of crossings processed 
Number of years of accident history 
1/ ( .05 + H); weighting factor in accident 

prediction formula 
Number of years of accident history 
Year of upgrade or opening of crossing 
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FIGURE 5-5. SAMPLE OUTPUT FROM THE DOT 
ACCIDENT PREDICTION FORMULA PROGRAM 
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(records) processed and the total final predicte~ ~rridcnts for those 

crossings. 

The output sliown in Figure '.;-:., is used as input to the accident prediction 

report program and also to the resource allocation program (see Section 5.2). 

The accident prcci iction report µrogram generates the output in a report 

format. Tl1e data must first be sortecJ in descending order of number of 

µredicted accidents (the first 1(J columns), and then used 8S input to the 

accident prediction reµort program shown in Figure 5-6. Sample output from 

the accident prediction reµorl program is shown in Figure ';-'(. 

The basic formula and the DUT accident prediction formula programs and 

their inputs ,:md outputs ~re currently designed for use: 1-1i th the 1980 data 

file which lias six years of accident history appended to each crossing record. 

At a future time, if accident data beyond lYUC is to be added, appropri~te 

modifications to the programs and data files will be required to accomodate 

the aoditional data. 

5. 2 CuMPUTEh PROGhAIIS FOR RESGURCE ,\LLOCATION tiODEL 

This section is a description of the computer programs.for the resource 

a::.location model discussed in Section 4. i1s ir. the case of the accident 

prediction formula programs, complete information is supplied for making the 

necessary computer runs, provided the required input d&ta Rre available and in 

the format specified in Section 5.1.2. 

The reso~rce allocation model is run by a sequence of three FORTRAN 

programs. The first program calculates the accident reduction/cost ratios for 

all crossings, the second program runs the resource allocation algorithm: and 

the third program generates the output in a report format. The three programs 

are run sequentially according to the following steps. 

1. Execute the accident reduction/cost ratio program. 

2. Sort the output from step 1 in d2scending order of accident 

reduction/cost ratio. 

3. Execute the resource allocation olgori thr;i program. 
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THIS PROGK\~ PKINTS THE UUTPUT UF TH~ ACCIDENT 
PRcCICT [C/1, fCRMULA IN A REPORT FURMAT 
UN[T 20 - l1'VENTOKY !r>PUT FILE Wlfh FINAL PRtCICTEO 

~CCIOENTS SORTED IN CESCENDING ORDER OF 
'~ED!CTED ACCIDENTS 

UNIT 21 - l EPORT CUTPUT t'[LE: 

I NT EGER ID CZ I , ST AT I: , IS TATE I 5 o I ,CU UN TY , C C TY,~ EAR, UL DC L, TRAINS, i.; l , 
* SP E ,I: 0 , 0 TR K S , A ~ TR A K, i' AV F IJ , A AO T , T RUCK S , PAVE ( 2 I , P A (j E , R Ai~ K , C .A Y I 2 I 

CAT A PAV F. / 1 Y f 5 • , 'NC 1 / 

[AT!\ ISTATE/'AL','41<',' ,, 'tl','AR','CA',' •,•co 1 ,•CT 1 , 1 DE', 
l ' () C ' ' ' FL I ' I GA ' ' I I ' 'H I ' ' I I ll ' ' ' I L ' ' ' I N ' ' ' I A ' ' ' I< s ' , 
2 ' I<. Y ' , 1 LA ' , ' r-\ E ' , ' MD' , ' MA' , ' M I ' , ' ,'! ,\l ' , ',~ S ' , 'MU ' , 'MT • , 
3 'NE','NV',' NH','IJJ','NM','NY' ,'11.C','NC','UH','Ct<', 
4 'OR','PA 1 , 1 PR 1 ,•~1•, 1 sc•,•sc•, 1 JN','lX','Ul','Vl'~ 
5 ' VA ' , • V I ' , ' ~A ' , ' " V ' , • W I ' , • ~ Y ' / 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 

" 
* 

* 
* 

* 
* 

* 
* 

R Ai\lK = C 
CALL [ATEI CAY I 
PAG(>P~GE+l 
1,RITE (21,1101 DAY,PAGE 
F CR,~ A T ( ' L ' , T 3 , 2 A 5 , r 5 4 , • ru Q L IC R. A IL - f-, I (H :, A Y Cf.- 0 S S ING S ' , 

Tl2o, 1 P!\GE ',131 
\IR[TE (21,1201 
FU~~AT(T49,'kAII.KEC BY PREDICTEU ACCICENTS PtR YEAR'/ 

T5&,'INVENTCRY CATE: JUN~ lS8l 1 /J 
,RI r[ 121,14lll 
F CR '1 A 1 I T 9, 1 PR E C I CT [ C ' , T 2 0 , ' C Ii OS S I NG ' , T 3 7 , 'F,,. I L 1 , 

T43,' OF ,\CCIDfNTS' ,T60,'DATE',T6tl,'wM(NlNG', 
r 11, • TR Ar NS • , T 3 s, • o A Y • , r 9 1, • • □ F • , T llJ o, • r I ME • , 
TlC8,'IS' ,Tl15,' GF' ,TlZ3, 'FUNC,'/ 
T 3 , • R ~ N '< • , r s , • Ac c I c t:: r-1 r s • , T 2 2 , 'I ;J • , T 3 o , • s TA T E • , 
T37,'ROAO',T43,'-- -- -- -- --',T6l,'GF 1 ,T6!l,'CfVICE 1 , 

T 7 8 , ' PER ' , T E 5 , ' TH RU ' , I 'I 3 , ' MA I t--' , T IO C , 1 I A El LE ' , 
Tl C 8 , lf·frl Y. • , Tl l 4 , ' T P AF F I C ' , Tl 23 , • CL A ::i ~ ' , T l 3 u , ' A ACT' / 
T43,'ro 77 78 79 eo 1 ,T59,'CHAl',Gc: 1 ,To9, 1 CLASS 1 ,T78,'CAY•, 
T 8 '• , ' TR. A I I\S ' , T 9 2, ' TR. A CK S ' , T l 'JO, ' S f.l El :.l ' , T l O 7, 'PA I/ l D' , 
Tll:J,'lANtS'//1 

L U,E = l 0 
RE 4 ) I 2 0 , .? l C , END= g CO I A , H , I D , S 1 AT I: , C CU I\ TY , C 1 l Y , R RC AD , Y !: A ~ , 

ML1 NTH, OL DCL , N E,ff L , TRAINS, 0 T, ~PHO , ~ TR KS, 0 TR KS, A ~-1 RA I<. 1 

PAIJEQ,lANES ,FC ,AACT ,TRUCKS ,r,;7 5, l\76,N77,'.'178 ,N79,/\t30 
f c,:i. M !\ T I 2 Fl O • 7 , 44 , A3 , I 2, I 3 , I 4, A 4, Z I 2 , 2 I l , I ~ , I 2 , I 3 , i l , I , , ~ I l , 

AZ , I 6, I 2, 6 i 2.1 
t<=PAVEO 
PA:~1<.= RAI\K+ l 
IFIYUR,LT.7ol GrJ Tl 238 
"'RI TE [ 2 l, 2 2 0 I R. -'tit<, A, I D , I ST AT U S l AT c'l , r{ PC H , /1, 7 6 , N 7 7 , N 7 8 , t, 7'l, 

~BO,MCNTH,YEAK,NE~CL,TRAl~S,DT,'!TRkS,SP~E □ ,PAVEIK), 

LANES,FC,AAr.T 
F O '{ .-1 A T IT Z , I 5 , T 9 , F 7. 4 , T 2 'J , A 4 , A 3 , T 3 2 , A 2 , T 3 7 , A 4 , T 4 2 , 

5 I 3 , T 60 , I 2, '/ ' , I 2 , T 7 l , I l , T 7 8, I :I , Te 6 , I 2 , T 9 5 , 11 , Tl iJ l, I 3 , 
T1Cil,A3,Tll6, 12,fl24,A2,Tl2tl, 16) 

GC TU 2'>0 

i-,t{[TE(21,2401 KANK., A,1'.),ISTATEISTATEI ,RKCAC,N76,N77,N78,"79, 
r-B O , ,NEW C L , T R· A L\I S , CT , ,'I TR t( S , S PE ED , P AV E ( t< I , 
LANES ,fC ,A~ LlT 

FOR. -1 A T ( T 2 , I 5 , T 9 , F 7. 4 , T 2 J , A 4 , A 3, T 3 2, A 2 , l 3 7 , A 4, T 4 2 t 

5 I 3, T 11, I l, 17 8, 13, T <l 6, I 2, 19 ':>, 11 , Tl O l, I 3, 
TlOB,A3,Tll6, 12,Tl24,A2,Tl28,!61 

l I ·JE= LI t.F+ l 
IFILl~E.LT.601 GU TC 20'J 

GU Tll lUO 
5TUP 
EI\D 

FIGURE 5-6. ACCIDENT PREDICTION REPORT PROGRAM 
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I-' AN Kl:. J HY l'kl:IJIC rte ALGhJc~IS Pt f'I YE/IH 
INV[NTIJk Y OA H; JUl'li:: l C: ti l 

1,-' K !-:. Ll I { l ;-;) (t-1.J'.\\ l.'~G !'\ ,\ l l II Uf AC C I ft .'l I S UAlt WIAK~ INC J tlA If\~ IJAY • Ut- I IM L I S • ut- l-LNl. 
RANI\ AC(f(lEr-..T::;. Ill • ST Aft k1IJ\O er CfVl(E ~[ll THPU MAIN T l1,L E tn'r .. lttAHI( CLASS AAOl 

1b 71 H 7'I 8u CHAN GE CLASS CAY TH.A I hi'.i lKACK; SPlLO PA,tU LAhE5 

J.15CJ 7 '1 (fa,'i 4J 0 (J 0 L ) 7 24 ID :JO HS 2 07 bJ,U 
; (). 'i \ f ,) [1(111 ;J()1 [ I 0 l I I " 2'I I 4 /9 YES 4 14 2>jQO 

ll • t.f "t 74CE',?.V 0 0 0 I 2 7 2q IC JO YES < Gil .c.40C 
4 u.47/5 A)t~7J£ 0 2 I I 0 26 IC 15 YIS .z 17 500 

U.46!4 l4CHlK 0 L 0 l u " 25 9 l 2C VE S 4 1, l '11401.J ,, LJ.4~2S 74C7; IL 0 I I 0 I 8 25 9 2 20 YES 4 16 IJ300 
7 U. 414 I l4C744Y 0 a 0 l I I, 25 14 2 70 Yf s < O&· &00 

0.4113 740R55R 0 I 0 u 2 24 IU 30 HS 2 19 1200 
s n.Jf·t:4 BlH7q I o 0 0 I 2t IC I 5 YES 2 lo 5870 

IO fl.1424 e04244G I 0 I 0 0 I L u u 40 YES 6 14 l 7000 
l I O.l?~l 1 1• :lt-15 {,\( o } o 0 0 7 2i1 IC I 3() YES 2 17 2400 
I? o.izes 833479V I 0 n I J 1 lb 10 I 15 YES 2 16 uoc 
l ' 0. 12< 5 14Ulj'.JI-I. I 0 I 0 0 d 25 5 2 20 ~c 4 lb 12300 
l 4 ~. l l 7C 1 11(11+0-... 0 0 I l cl 11176 d 27 ~ 2 JG HS .l 19 5500 ,., o. ~o tl- 74 )85 7E 0 Ll l 0 I 1 24 10 I 30 HS 2 19 1400 
11> 0.2811:2 8J4206X 0 0 o I 8 22 14 I 79 HS 4 H 12600 
I 7 0. :?8 '4 4 1-n:J4RL~ 0 " L 0 7 21, 10 I I'> YfS 2 11 675 
lu 0. 2 .? l l l ✓t()724M 0 o 0 0 d 2] 5 2 45 YES 4 LO 19400 
JS 0. 20 c; 8 74CE42P 0 0 I 0 ll 7 38 14 I 25 HS 2 09 uoo 
JO 0. lO '; l 74072AP 0 0 / 0 l 1/tW 8 25 ~ l 20 HS 4 14 9135 
l L O. l r; H: 74GH41 0 0 0 0 0 I/ 8 I 7 2 0 0 0 YES 4 14 1 0500 
l? 0. l H fl8 8H416A 0 0 I 0 0 7 20 I 0 15 YES 2 l <, 900 
n O.lf~l EC4205 I 0 0 0 0 l d 21 14 I 1S YES 4 16 13800 

°' 2, 0.17]3 74C729W 0 0 0 0 0 5/80 8 25 9 2 2J YIS 4 19 5.JOO 

°' 2S 0.1 724 1'1 C93 l P l 0 0 I I 4 4 C Ll G ~( 2 IS llUO 
?f, O. lH I 74Cd58L 0 0 0 . l 0 4 a 10 I 70 HS 2 15 LOO 
2"1 o. 14 ~ J 74~775X a o I 0 0 8 22 11 2 4C HS £ 08 .:<30 
lB a. 1 ,. 1; '; 74(84 HI 0 o 0 I 0 4 38 14 I 2'> YES 2 09 80 
l'l 'l. l ~ I 5 7 1,C127H 0 o 0 0 0 //80 d 25 5 2 20 YES 2 11 4250 
lO (1,. 12 °! 4 E0'193Y 0 0 0 0 0 7 2, 14 I 60 HS 4 17 5975 
II 0.1227 S040UH I 0 0 J J 8 14 2 79 YES 2 16 1230 
l 2 0 • ICC_ f- l'4C7l1JQ C C 0 l 0 " IS s 2 45 rfS 2 cs 4>C 
·11 O. IC'1G d3 l 592N 0 u 0 u o 7 4 I I 0 n~ 4 lo lS<bO 
j4 0. l 0~ l 8~1&0IK u a a u 0 7 4 0 I G HS 4 07 19900 
lS 0.1(37 14CE5 l( 0 0 0 a 0 7 2') 10 I 30 r ES 2 Jg 3400 
JI, 0.1024- JJ) J"1.l 5P 0 u I 0 0 • 20 10 l 5'.> NC I OB BO 
3 I C.:Gfl 74Cfl76J 0 [J n 0 1 2L 10 I 70 M 2 OB 15 
"11 o.ocez 7407655 0 0 0 G B ;o 11 I 70 YfS < 02 54 0 
1 ,; (). JC)~ s- 74J7J?[ 0 'U \) a 0 B 25 5 ; 2C YES 4 19 11000 
40 0.09~2 74(9141 0 a l () 0 4 l I I 49 YIS ; D~ ,ec 
41 0.092? 1't CHA2M 0 J', I J 0 6/ 80 e 34 14 2 5C JES 2 OB 1000 
'•;, 0. 09 C 5 83)574~ 0 D • 0 u 0 7 2 I 25 Yf S 4 ci. 11100 
.;-, o. '.:'. F\Cj 5 d.3 }'l9'JL il 0 ,, 0 J 0 1 2 C 0 0 YES 4 16 19900 ,, ,, n. C:8-; l E04135'1 0 0 \ 0 I 0 5 2 a a 0 YfS l 19 200 
45 0 .. 0?75 74 ()[){,],. 0 J u 0 C • )B 14 I 25 YES 2 o~ &00 
4 ,, U. ~ Fl It C 14C710'~ G ,l " 0 a 4 25 9 2 20 HS 2 19 70C 
'7 O.OA2'i 814521V 0 J ') J 0 11/79 d 26 10 l 15 HS 2 16 3600 
4e 11. ce 1 7 7t,C1Zt.itl 0 0 u a a 5/8J B ZI s ; 20 YES l lb J 100 
49 U .or111 A0 1i2'l flf) 0 u 0 I a 4 2 0 0 ',O YE, 2 17 375 
rl C O. DC( 7 7 5 Jtz SC 0 u a U• u 11/ 7'1 8 ;4 IC I 30 YES 2 lb 1000 

I 
I 

FIGURE 5-7-~ SAMPLE OUTPUT FROM THE ACCIDENT 
PR DICTION REPORT PROGRAM 



4. Sort the output from step 3 in descending -:irder of accident 

reduction/cost ratio. 

5. Execute the resource allocation report program. 

The accident reduction/cost rati-:i program is shown in Figure 5-8. This 

program reads two input files. One input file is the :iutput of the accident 

prediction formula program ( see Figure 5-5). The second input file c:intains 

c:ist, effectiveness and funding data. This file is to be generated by the 

user. Suggested values for cost and effectiveness data are given in Section 

4.2.3 and 4.2.4. A sample input file of this type is shown in Figur~ 5-9. 

The first line of input contains the cost data in 3 fields, each of length 10. 

The first entry on the line is the cost of upgrading a passive crossing to a 

flashing light; the second entry is the cost :if upgrading a passive crossing 

to a gate; and the third entry is the cost of upgrading a flashing light to a 

gate. The second line of input contains the effectiveness data in 3 fields, 

each of length 10. The order is the same as for the cost data on the first 

line. The third and last line consists of 1 field of length 10 containing the 

maximum amount of available funding in dollars. This value is to J;i_e -

established by the user. 

The program in Figure 5-8 calculates an accident reduction/cost ratio for 

each crossing, depending on the present warning device and the number of 

tracks at the crossing. If the crossing already has gates (warning device 

class 8), it is deleted from consideration. If the crossing has flashing 

lights or other active devices (warning device classes 5,6 and 7), an accident 

reduction/cost ratio for upgrading to gates is calculated a0cording to the 

equation: 

where A is the number of predicted accidents for the crossing from the 

accident prediction formula and c
3 

and E
3 

are the cost and effectiveness of 

the upgrade, as discussed in Section 4. If the crossing is passive (warning 

device classes 1-4) but has multiple tracks, an accident reduction/cost ratio 

for upgrading to gates is calculated according to the equation: 
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C 
C 
C 
C 
C 
C 
C 
C 

C 

50 

55 

C 
C 

IOJ 
!COO 

C 

L 

C 
200 

C 
lOC 
400 
40,Jo 

500 

THIS PROGRA~ Cl>LCULATES AN INITUL tt:~tFIT/Cl:ST RATIO 
FD~ EACH 0<05S[NG i,,HJCH DOES NOT CURRENTLY HAVE GAHS 
INµLJ MLST Ef IN T~t 70 CHARACTER f(kMlT PluS SIX 
YEWS OF ACCIUci,T HISTORY 
LNIT 20 - l~VENTCn !~PUT FILE ~!Tl-· Fl~AL PklCICHD 

~CCl1JENTS 
UNIT 21 - l~ITIAL ilE~EFIT/COST RAT!c CUTPtJT Fllt 
IJNIT 22 - :uST/cFHCTIVc:l'<ESS/euoGET UVl:l (NPLT FILE 

(NT•GER 10(2) ,CLASS ,cn:~S,TRACKS 
READ IN COST AND EFFECTIVENESS DATA 

REA,ll22,501 Cl,C2,C3 
fCfd AT I 3 Fl C. 0 I 
Fl'AJ(22,55J El,E2,E3 
FOR~AT( 3F!G.21 
Fl=!'l/Cl 
R2=c2/C> 
F3=EJ/CJ 

IF GATES A',E AL~A~S ~CRE COST-EFFECTIVE ThAN 
FLAS~ING LIGHTS., LSE A GATES (NLY Pllld 

IF!'<Z.GT,Pll Rl=RZ 
Pt,~,ll 2C, !COO, END=5JCJ A, IC,CLASS,MTPKS,OTRKS 
F CR ·i ~ T ( FI O • 7 , l OX , A4 , A .l , 1 H X , I I , 8 X , 11 , I 2 I 

')ELFTt Ckl1SSING5 •H!UI ~tJRRENTLY hAVE GATl:S 
IF(CLASS,EQ.tll GC TC 100 
lRACKS=MTkKS+UTRKS 
IF(CLVi,.GT.41 Gu TC 300 
IFITP.AC~S.GT.ll GU TO ZOC 

Sl~GLE TRACK PASSIVE CROoSlr,GS 
PE~CO S=A*R l• Lo.••c 
(C Fl 4n 

MULTIPLE TRACK ~ASSTVE CROSSl~GS - CATES C~LY 
EENCOS=A*RZ*l0.*>6 
CO Tll 4CO 

CROSSINGS I\ 1TH FLASHING L IGr!T S 
P.ENCOS=A•R3*1G.••6 
•RITEIZl,40001 9ENCOS,A,IC,CLASS,TRACKS 
FOR '1 ~ T I Fl O • 6 , Fl O. 7, H , A 3 , 11 , 12 J 
(Li Til lCO 
5 T:JP 
Els') 

FIGURE 5-G ACCIDEi(J' REDUCTI0,UCC:3T RATIO PRUGRAM 

COST 
EFFECTIVENESS 
TOTAL BUDGET 

367 00. 
.65 

lJJOOCO. 

P-+G 

54700. 
.84 

4 G2 00. 
.64 

FIGURE 5-~. SAMPLE INPUT TO THE ACCIDENT REDUCTION/COST RATIO PROGRAM 



This forces gates to be installed at multiple track passive crossings in 

accordance with Federal guidelines. If the crossing is passive but has only 

one track, an accident reduction/cost ratio is calculated for upgrading to 

flashing lights according to the equation: 

The incremental accident reduction/cost ratio of installing a gate at the 

passive crossing, 

is not calculated by the accident reciuction/cost ratio progn,m, but is 

calculated later by the resource allocation algorithm program. However in the 

case where E
2
;c

2 
is greater than E/C

1
, the accident reduction/cost ratio 

program calculates a ratio given by: 

for all passive crossings, regardl~ss of the nunber of tracks. In this case, 

the installation of gates is always more cost-effective than installation of 

flashing lights. 1be resource allocation algorithm program does not calculate 

the incremental accident reduction/cost ratio in this case. 

For conver1ience of storage, all accident reduction/cost ratios are 

multiplied by 10
6

, i.e., they are expressed in accidents per million dollars. 

A variable dictionary for the accident reduction/cost ratio program is given 

in Table 5-:i. 

Sc.mple output from the accider,t reduction/cost ratio progr.:;m is shown in 

Figure 5-10. Field descriptions for this output are given in Table 5-6. This 

outi.,ut r,;ust be sorLeu in descending order of ;,ccident reduct.ion/cost ratio 

(the first 10 columns), and then used as input to the resource allocation 

program. 
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TABLE 5-5. VARIABLE DICTIONARY FOR THE ACCIDENT REDUCTION/COST RATIO PROGRAM 

VARIABLE VARIABLE 
NAME TYPE DEFINTIOlJ 

A Real Predicted accidents per yezr 
BENCOS Real Accident reduction/cost ratio in accidents 

per million dollars 
c, Real Cost of upgrading from passive to flashing 

lights 
C2 Real Cost of upgrading from passive to gates 
C3 Real Cost of upgrading from flashing lights 

to gates 
CLASS Integer Present warning device class 
E1 Real Effectiveness of upgrading from passive 

to flashing lights 
E2 Real Effectiveness of upgrading from 

passive to gates 
E3 Real Effectiveness of upgrading from 

flashing lights to gates 
ID Integer Crossing identification number 
MTR KS Integer Number of main tracks 
OTRKS Integer Number of other tracks 
R1 Real Ratio of E1 and C1 
R2 Real Ratio of E2 and C2 
R::; Real Ratio of E3 and c3 
TRACKS Integer Total number of tracks 
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CfJ 
CfJ CfJ 
<t: ~ 

0 ....:i u 
1-1 p CfJ p<: u ~ H ~ H ~ 

:;a~ HZ p:i H H 
u~ s z 

1-1 HP ~ ....:i 
HU PH z CfJ <t: 
1-1 ---

~u ~ H z p<: p<: u p p<: 0 
H<t: ~.,:: 1-1 ~ H 

9. 7 65 '; 4 4
1 I I I I 

C.7507262740854J7 2 
6.317363 0.485647374Q852V7 3 
6.14')866 0.4725403833473E7 2 
5.3fb533 0.4140897740744Y6 2 
5. 35G 28 3 0.4113030740855R7 2 
4. 76[, 600 0.3664J2483347ST7 2 
4,454 57 7 C,3424456804244G7 1 
4. 2dl 24 4 0.329120674C856X7 2 
4,277769 0.328d53583347~V7 2 
4. 013 S93 C.3085757740857E7 3 
'.i.69~ CO2 0.2B4360b833481~7 3 
3.05'1 000 0.172377174090LP4 1 
2.97/793 0.16813G8740858l4 1 
2.729020 0.2097934740842P7 7 
2. 492 476 0, 1916091740734T7 2 
2,456442 Q,1888390833476A7 3 
2. 08Q ~ 2 7 0.1354689740841H4 j 

1. 8 13 569 0,1023969833425P4 1 
l.650C67 O.C93165374C914R4 1 
1.605 422 O.l234168804193V7 3 
l. 4 ~~ 19 7 0.081C8S980423804 1 
1.421897 0.080282574076304 1 
1.415 CJ49 0.1088511833592N7 2 
1.367659 0.1051388833601K7 1 
1. 349 57 8 Q. 103 748 8740 85 3C 7 2 
l. 3 43 6 4 4 0.0874S68740843h4 6 
1.29)033 O,C840C5774Q736G4 3 
1. 2 83 5 71 C.OS86745740876J7 2 
1. 181 554 0.0769417740781S4 2 
1.177633 0.0905305e33574R7 1 

FIGURE 5-10. SAMPLE OUTPUT FROM THE ACCIDENT REDUCTION/COST RATIO PROGRAM 
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FIELD 

2 
j 
1j 

TABLE 5-b. FIELD DESCRIPTIONS FOR THE OUTPUT FROM 
THE ACCIDENT REDUCTIGN/COST RATIO PROGRAM 

DATA FIELD 
COLUMN LENGTH TYPE* DESCRIPTION 

1 1 
21 
28 
29 

10 

10 
7 
1 

2 

F 

F 
A 
I 
I 

Accident reduction/cost ratio 
accidents per million dollars 
Predicted accidents per year 
Crossing identification number 
Present warning device class 
Total number of' tracks 

* DATA TYP!::: 
I - integer 
A - alphanu1r1eric 
F - fixed decimal 
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The resource allocation program (Figure 5-11) performs the algorithm 

described in Section 4, recommending the crossings to be improved and the 

warning device to be installed. A variable dictionary for the program is 

given in Table 5-7. The program reads each crossing in order, starting 1-1i th 

the highest accident reduction/cost ratio. 

If the crossing is passive with single track, an additional incremental 

accident reduction/cost ratio is calculated for making an upgrade to gates 

given by the following equation: 

AR/C = A (E - E )/(C - c
1
). 

2 1 2 

It is temporarily assumed that a flashing light will be recornrnended at the 

crossing. Since this is only a temporary decision, this crossing is not 

written to tile output file immediately. Instead, it is stored in a separate 

list of crossings until it is determined whether or not sufficient funding is 

available to install a gate. 

Every time a crossing is reao in, the accident reduction/cost ratio 

calculated by the first program is compared with the incremental accident 

reduction/cost ratio calcul8ted for tlie crossings stored in the temporary 

decision list. All crossings stored in the temporary list with incremctal 

accident reduction/cost r&tios greuter than the accident reduction/cost ratio 

for the crossing that has just been read are recommended for gates, and that 

decision is finalized by removing the crossinb from the temporary list and 

writing it into the output file. If the crossing that has just been read is 

passive with single track, it is added to the tempor;iry list as described 

above. Ctherwise a gate is reco~nended and the crossing is immediately 

written to the uutput file. Eae;h time a crossing is 1-iritten either to t!1c 

output file or the temporary list, the cost of the recommended upgrade is 

cdded to the cumulative amount sµent. l/he11 this amount exceeds the maximum 

c,mourit allowed, tt1ose passive single track crossings still on the temporary 

decision list are recomrnendeJ for flcishin:; lights unu ;:;re wri tter; t, Lhe 

outµut file as final decisions. The minimum accident reduction/cost ratio for 

the run L; ,rritten to "' separate file to be read by the resource alloccition 

report program for use in calculating the decision criteria. 
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C 
C 

C 
r: 
C 
C 
C 

C 

C 

l., 

C 

( 

r:: 

l'.) 

30 

100 
lll 1 

THIS PRUGMAM RUNS ThE kESORCE ALLOCATICN ALGORllhM 
AFTER THE INITIAL BEI\EFIT/CUST ~ATIO HAS BEEN CALCULATED 
•JNIT 20 - INITIAL t3ENEFlT/C0ST RATIO lfWUT FILE SCRTED 

.UN IT 21 
UN IT 22 
UN IT 23 

I~ DESCE~Ol~G CRDFR OF E£~EFIT/COST RATIO 
- = INAL HENEFIT/COST RATIO OUTPUT FILE 
- CGST/EF-fECTIVEN[SS/BUDGET LEI/El INPLT FILE 

JLTPUT FILE FOR LUI\EST COST/BENEFIT RATIO 

INTE:;FP tol2l,XID,CLASS,PC,TRACKS,TkKS 
REAL ~AXA~T 
Cl'-IEr--JSICN BCGATEl5CICI ,BC(5CCl 
CCM~ON /AA/ XID(Z,500l,PA(500),PC(5CCl,TRKS(5CCl 
C0~'10N /8[3/ MAXtE':.?,C2,Cl,GATF,COST,MllXA'1T,BCMIN 
[Alf, GATE/ 1 GATE 1 /,LIGHT/ 1 LIGHT 1 / 

l'AX=l 
1' IN= 1 
CCST=C. 
ecG~TFl ll= -9999. 

READ I~ CCST AND EFF-ECTIVNESS CATA 
RE A l I 2 2, 10 l C l, C 2 ,C 3 
FCR"1ATl3Fl 0.0) 
RE~fJl22,20) El,E2,E3 
F0R'-UT[3Fl:).2J 

RFA 1) IN TCTAl BUDGET AMUUNT 
REA0(ZZ,30 I ,~AXAMT 
FCR1AT(Fl0.0) 
Plc:t:l/Cl 
PZC:::::2 /(2 

SELECT A CROSSING 
FEAJ(2J,101,Et\rl=400 J GOJC.OS,A,ID,CLASS,H:ACKS 
f OR ,] AT I f' 1 0 • 6 , F 1 0 • 7, A 1t , A 3, I 1 , I 2 J 
IFICLASS.GT.4) GO re 20:) 
IF(T>{ACKS.GT.ll GU TU 3C0 

IF GATES J\R E ALWAYS MORE CLlST-Efft( TIVE THAI~ 
FLASHING Li GriTS, USl:: A GATES CNLY PCLlCY 

IF(RJ.GT.Rll GO TO 30) 
SI "JGLF TRAC!< PASSIVE CRCSSH;GS 

HCG.\TE(,11[N 1-=A*IE?-E ll/lC2-Cll*10.**6 
CiFCK THE TE~PORA~Y OECISIO~ l[ST 

11 D IFL.AG=O 
JF I i1EI\CCS. L l .!3CGA l[ {MAX l I CALL GATES I !FLAG) 
If! IFLi\G.E\,l.l l Gfl TC llC 
IFIJFLAG.EG;.21 GiJ JC 4,Jo 

C ADO Thl:: StLECTEJ c~ □ SSING TU THt B[TTC~ c~ THE 
C TEM°CFARY LlECISICN LIST 

f\C{'1INl=3ENCOS 
)( I ,) ( 1 , M IN l " I C ( l I 
)(Fl( .J,MIN)-=IDl?.I 
FAl:'HNl=A 
PCl'-II~l=CLASS 
TKKS ( IY[~il=TkACKS 
t,,[t-,='ll/\+l 
r:'C···~!N=RE 1KCS 

FIGURE 5-11. RESOURCE ALLOCATION ALGORITHM PROGRAM 
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C CHf:CK TO SEE IF T/-E GUDGET IS EXPEI\D!::D 
CO ST=CC ST+C l 
If! CD ST .Gf. •. '1AXA,'1 l l GO TL 400 

GrJ TD lCO 
C FLASHING LHHf CkCSSII\GS 
C CHECK THI-' TE~PORARY DEC[SICN LIST 

2,1'.J IFL \i:;=o 
IF(EiEI\CCS.LT.i3((;ATf: IMAX)) CALL GATES! !FLAG) 
lF[IFLAG.EC:.11 GU TO 200 
IFIIFLIIG.E 1J.2l Gr! TC 400 
e E :lj F I T = A * 1:.: 3 

C RECl~MEND ;fiTES AT SElfCTED CROSSING 
WRITt(21,ZOl) f3ENCJS,A,IO,CLASS,TR1\CKS,GATE,CJ,BENf-lT 

ZC' l FOR·~.'.\ T ( F 13. 4 , F 7. 4 , A4 , A 3, I l , I t, A 5 , f 7. 0, f 7 • 4 I 
I: C ~ I '\l = 3 ENC O S 

C CHE(K TU S!:-E It-= Tl-'E 8UDGEr rs EXPENJ[D 
COS T=CC S T+C 3 
If( cr1sT .SE .;~AXA'H I GO TO 400 
GO T!J !CO 

C '1Lll TI PL E Pt ACK PASS IVE CRUS SI NG S 
( CHECK THE TEMPORARY DECISICI\ LlST 

C 

(, 

C 
C 

.300 IFL1\'.;=0 

400 

41 'J 

* 
500 
501 

If( 3Ef\CCS.LT.DCGATf:. (r-',AX)I Cii.LL GAT[Sl JrLAGJ 
If'( IFLAC.E(;.ll Gi.l re 3C\) 
l F ( I F l Ar.. E Q • 2 I GO I C 4.J 0 
Ef'ff IT= !\*E 2 

RECCM~END Gires AT SELECTED CPDSSlNG 
I\RITE(21,Z011 8[NCU ~,A, rn,CLASS,TKACKS,:.iATE,C2,BENFIT 
£:CHN=BENCUS 

CHECK Til Sf- E IF THE BUDGET IS EXPENDED 
CCST=COST+C2 
IF [COST.LT. "'AXIi.MT I GC TC 100 

'3UDGET EXPl::NDED: fU:COMMENO f-LllSH1NG LIGHTS AT TrCSE 
CRCSSINGS STILL DI\ Tf--E TEt,IPCRllRY CEClSWi-. LIST 

IF(iAX.GE.MIN) GO re 500 
CC 410 K=MllX,MIN-1 
eEsiFI T=PA( K l*El 
1, RI f E ( 2 l , 2 0 I. ) BC ( KI , PA { K) , X [ D ( l , K I , X I [ ( 2 , K l ,PC ( K l , TR KS ( K I , l l GH l , 

Cl,3ENFIT 
'fiRITE(23,5011 BCMIN 
FOR"-1AT<FE.41 
STrJ,:> 
Er\) 

FIGURE 5-11. RESOURCE ALLOCATION ALGORITHM PROGRAM (cont'd) 
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su3q!)LTU\J[ GA TFS( [FLAG) 
C THI:.-; SUiiRCUTINi: FECU'MEi'iOS GATE.> AT :>INGLE TRA(,K 
C PASSlVE CR- 1:JSSINGS 

INTF~ER XIC,PC,TRKS 
R':AL ~AXA',q 
cu-H,]N /AA/ XI0(2,500),PA(500),Pl{5CCl,TkKS(5CC) 
CCM'~CN l~nl MAX,E2,C2,Cl,GATE,CCST,l'AXA<H,8CMlN 

( T~RN UN FL~G TO INDICAT[ SU9kCUTJNE GATES HAS 
C BE El\ CALLEJ 

Ifl~G= l 
e E ff I T =PA I ~ AX ) * E 2 
EENCOS=BENFIT/C2*10.**6 

C FINALIZE THE RECOMMENCATION OF GATES AND kEMU~E 
C CkCSS[NG fq[~ THE TEMPORtRY CfCISIC~ LIST 

1-i f-! I T F. I 2 l , ? 0 I. ) 3 EN Cl S , fl A ( MAX l , X I D I l , MA X I , X I C ( 2 , Mi. X I , PC ( t' A X ) , 
* TRKS(MAXl ,~ATE,C2 ,BENFIT 

2 0 l FOR '1,H ( f 8. 4, F 7. 4, A4 , A 3, [ l , 12 , A 5 , F 7. 0, F 7. 4 I 
"'AX=''1 AX+l 
EC4 IN=flENCCS 

C CHECK TO SEE IF ThE BUDGET IS EXPENCED 
COST= CCST+CZ-Cl 
IF(CU~T.GE.MAXAMTI IFLAG 5 2 
R ETU~ N 
END 

FIGURE 5-11. RESOURCE ALLOCATION ALGORITHM PROGRAM (cont'd) 
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TABLE 5-7. VARIABLE DICTIONARY FOR THE RESOURCE ALLOCATION PROGRAM 

VARIABLE VARIABLE 
NAME TYPE 

A Real 
BC Real 

BCGATE Real 

I.iCMIN Real 

BENCOS Real 
6ENF IT Real 
C 1 Real 

C2 Real 
CJ lie al 

CLASS Integer 
COST Real 
E 1 Real 

E2 Real 

E3 Real 

GATE Character 
ID Character 
IF LAG Integer 

K Integer 
LIGHT Character 
1-iAX Integer 

MAXA!H Real 
MIN Integer 

PA Charcacter 

PC Integer 

TRACKS Integer 
THKS Integer 

XID Chi:iracter 

DEFHdTION 

Predicted accidents 
Accident reduction/cost ratio stored for 

passive crosssings with single track 
Incremental accident reduction/cost ratio stored 

for passive crossings with single track 
Minimum accident reduction/cost ratio 

for the run 
Accident reduction/cost ratio 
Accidents prevented 
Cost of upgrading a passive crossing to flashing 

lights 
Cost of upgrading a passive crossing to gates 
Cost of upgrading a flashing-lights crossing to 

gates 
Present warning device class 
Cumulative cost of upgrades 
Effectiveness of upgrading a passive crossing to 

flashing lights 
Effectiveness of upgrading a passive crossing to 

gates 
Effectiveness of upgrading a flashing-lights 

crossing to gates 
The wcrd "GATE" 
Crossing identification number 
Flag to tell if subroutine GATES has been called 

0 - no, 1 - yes, 2 - yes, money ran out 
Do loop index 
The word "LIGllT" 
Index of the largest accident reduction/cost 

ratio being stored in bCGAIE 
Total amount of money available 
Index of the smallest accident reduction/cost 

ratio being stored in BCGATE 
· Predicted accidents stored for passive crossing 

with single track 
Present warning cev ice class stored for passive 

crossings with single track 
Total number of tracks 
Total number of tracks stored for passive 

crossings with single track 
Crossi11i.; identificc1tion number stored for 

passive crossings with single track 
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Sampl~ output from the resource allocation algorithm program is shown in 

Figure 5-12. This output is then sorted in descending order of accid~nt 

reduction/cost ratio (columns 1-8) for input into the resource allocation 

report program. 

The resource allocation report program (Figure 5-13) calculates the 

decision criteria and generates the output in a report format. The decisfon 

criteria, DC 1, DC 2 , Dc 3 and DC 4 , are calculated from equations 4-4, 4-5, 4-6 

and 4-7, respectively, described in Section 4.2.5. If the crossing being 

considered is passive, single-track, the program calculates DC 1 and DC2 . If 

the crossing is passive, multiple-track, DC
3 

is calculated. If the crossing 

has flashing lights, DC 4 is calculated. Sample output from the resource 

allocation model is shown in Figure 5-14. 
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z 
0 
H 
H 

U) 
u 
:::, 

Ul Cll q j:.: q w 
0 u"' I>:: q U) I>:: u i'.z@ H WH w H H HZ "" H H W z 
i'.z Ul<l 

~ z ~ i:,:i w HA "'..:I u q 
OH Cll <11 0 H H H u WU l<lHU:> U) u ....... I>:: u q i>::oi:.:iw 0 u 

~ i:ia< H P-sHi>::A u < 

9. 76 55 0.7 507740854J7 2GATE 492CO. ·o.4aos 
6.3174 O.t E56740852V7 3GAT E 492 co. 0.3108 
6. 1469 0.4 725833473E7 2GATE 492CO. {).3024 
5.3A65 0.4141740744Y6 2 GATE 49200. 0.2650 
5.3503 0.4- ll3740855R7 2GATE 4<J2 ca. C.2632 
4. 7666 0.3664833475T7 2 GATE 492CO. 0.2345 
4.4546 0.3 424804244G7 lGATE 492CO. 0.2192 
4.2812 0 .3 2'H 740856X7 2GATE 4,nco. C.2106 
4.2778 C.3 289833479V7 ZGAH: 49200. 0.2105 
4.0140 0.3 C86740857E7 3GATE 492CO. 0 .197 5 
3.6990 0.2 f4483348H,7 3GATE 49200. o.1a20 
2. 7290 0.2 C987 40 842P 7 7GATE 492(0. o. 1343 
2 • 64 71 O.l 724740<.0lP4 loATE 5 4 7 co. 0.1448 
2.5819 0.1681740858L4 lGATE 5 4 7 CC. 0.1412 
2. 4<;z5 0.1 91674073417 ZGAT E 49200. 0.1226 
2. 4564 C.l es 88334 76A 7 3GATE 492CO. C.1209 
2.CBC3 c.1 3557408411-<4 3GATE 54700. C.1138 
t.8136 O.l G2-4833425P4 lLIGHT 367CC. 0.0666 
l .6501 0 .J 932740914R4 lL I Gl-'T 367CO. 0.0606 
1.6054 0.1234804193¥7 3GATE 492 co. Q.G7<JO 
l • 43 62 0 .OB l 180423804 !LIGHT 367GO. 0.0527 

FIGURE 5-12, SAMPLE OUTPUT FROM THE RESOURCE ALLOCATION PROGRAM 
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C THIS PROGRA~ COMPUTES TrE DECISICN CRITERIA AND PRINTS 
C THE OUTPUT CF THE RESOURCE ALLOCATICN ALGORITHM IN A 
C REPORT FORMAT 
C UNIT 20 - FINAL BENEFIT/COST RATIO INPLT FILE SCRTED 
C IN DESCENDING ORDER OF BENEFIT/COST RATIO 
C UNIT 21 - ~EPORT UUTPUT F(LE 
C IJNIT 22 - COST/EFFECTIVENESS/8UJGET LEVEL INPUT FILE 
C UNIT 23 - I Nt>UT FILE FOR LOWEST COST/BENEFIT RATIO 
C UNIT 5 - I~TERACTlVE INPUT FILE FOR RUN TITLE 
C 

INTEGER ID 12 l ., CLASS , TRACKS, wA RN, TITLE l3 l , C l,C2, CJ, DEV ICE ( 2, 7) , 
* DAY(Zl,PAGE 

CATA DEVICE/ 1 NONE 1 ,' •, 

* 'OTHER',• SIGN', 
* 'STOP ',' SIGN ', 
* 'CROSS' ,'BUCK •, 
* •SPECI' ,'Al ', 
* I HW y s' , ' GN L ' ' 
* 'LIGHT',' 1 / 

TCOS T=O 
TBEN:0. 
1r,l{ITE15,10) 

10 FORMAT(' ENTER TITLE OF RUN: 1 1 
READ I 5, 20J Tl TLE 

20 FORMATO AS) 
REA[)(22,30> Cl,C2,C3 

30 FOR~AT(3(I9,1Xl) 
REAOl22,40) El,E2,E3 

40 fORMAT(3Fl0.2) 
REA0(22,50) MAXAMT 

50 FOR '1 A Tl 19 ) 
PEAD(23,60I BCM[N 

60 FORMAT{F8.4) 
fll:El/Cl 
R 2= I E 2- E 11 / ( C 2-C 1) 

R3=E2 /C2 
R4=E3/C3 
CALL CATE!CAYI 
PAGE=l 

100 WRITE(21,1011 OAY,TITLE,MAXAMT,Cl,C2,C3,El,E2,E3 
101 FORMATf'l' ,T8,2A5,T44, 

* 'RAIL-HIGHWAY CROSSING RESOURCE ALLGCATION RESULTS', 
* r12a, 1 PAGE l 1 /T45,'FOR ',3A5,' TOTAL BUDGET: $ 1 ,19/ 
* T47,'WARNING DEVICE P--FL P--G Fl--G'/ 
• • + • , T 6 7 , • > • , 1 16, • > • , r 86, • > • 1 r 49, • cos T : • , 
* 7X,3(2X,'$' ,I6)/T49,'EFFECTIVENESS: '3(F3.2,6XI/J 

LINE= 7 
GO TO 110 

105 PAGE=PAGE+l 
~RlTEl21,106' DAY,PAGE 

l 06 FORM A Tl ' l ' , T 8, 2 A 5, T 12 0, 'PA GE ' r I 3 / I 
LINE=3 

FIGURE 5-13. RESOURCE ALLOCATION REPORT PROGRAM 
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110 
111 

* 
* 
* 
* 
* 
* 
* 
* 
* * 

200 
201 

* 
205 

* 

220 

* 
211 

* 

230 

* 
221 

* 
250 

999 

WRITE(21,llll 
f □RM A 1 n 31 , • s EN E F n , • , r 9 o , • cu Mu LAT I v E • 1 r a , • CR o s s 1 NG • , 

'PREDICTED COST RATIO RECOMMENDED PRESE~T •, 
'TOTAL CUMULATIVE BENEFIT DECISION ', 
'CRITERIA VALUES 1 /TlO,'ID ACCIDENTS '• 
'(REDUCED ACC/ ~ARNING WARNING OF '• 
'COST IREOUCED 1 /Tl8,'IACC/YRI $ MILLlCNJ', 

DEVICE DEVICE TRACKS ($ THOUSAND) •, 
1 ACC/YR) OCl OC2 OC3 DC4 1 /T8,'------ •, 
•-------
•------
1--- -- I /J 

LI:-.,E=LINE+6 

I t 

I t 

READ(20,201,END=999) BENCOS,A,10,CLASS,TRACKS,~ARN,COST,EEN 
FORMATIF8.4,F7.4,A4,A3,Il,12,A5,F7.0,F7.4J 
TCOST=TCCST+COST 
TBEN= TBEN+BEN 
~CUST=TCOST/1000. +0.5 
IFICLASS.GT.41 GO TO 230 
IF(TRACKS.GT.l) GD TO 220 
IFIR2.GT.Rll GO TO 220 
CCl=BCMIN/(A*Rl*l0*~61 
DCZ=DC~I~/CA*RZ*l0**6) 
WRITEl2l,205) ID,A, BENCOS,MARN,lDEV[CE(J,ClASSl,J=l,21,TRACKS, 

KCOST,TBEN,CC1,DC2 
FOR '-IA TI T 8, A 4, A 3, T 2J , F 5. 2, T 3 2, F 5. 2 , T 4 7 , A 5 , T 5 7, 2 AS, 

T70,I2,T79, 15,T92 ,F5.1,TL00,2F7.3) 
GO TO 250 
CC3=3C~IN/IA*R3*10**61 
l'IRITEIZl,211) 1D,A, BENCOS,WARN,tDEVICEIJ,CLASS),J=l,2),TRACKS, 

KCGSl,TBEf\,CC3 
FORMATIT8,A4,A3,T20,F5.2,T32,F5.2,T47,A5,T57,2AS, 

T70,I2,T79, I5,T'-lZ,F5.1,Tll4,F7.3) 
GO TO 250 
CC4=BCM IN/ (A*R4*10* ~6) 
\.iR I TE 121,221 J ID, A, BE NC OS, WA RN, ( DEV ICE t J, CL ASS I, J = l, 2) , TR AC KS, 

KCOST,TBEN, CC4 
FORMA1(T8,A4,A3,T20,F5.2,T32,F5.2,T47,A5,T57,2A5, 

T70,12,T79, I5,T92,F5.l,Tl21,F7.3) 
LINE=LINE+l 
IF(LINE.GT.601 GO re 105 

GO TO 200 
STOi' 
ENJ 

FIGURE 5-13. RESOURCE ALLOCATION REPORT PROGRAM (cont'd) 
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2-CC 1-81 RAIL-HIGHloiAY CRUS!.ING RESUURCE ALL(CAT ION RESLLlS P~Gl 
TOTAL BUOGI: T : $ lOIJUOOu 

WARNING D~V IC£ P- ➔ FL P-➔ G FL- ➔ G 

COST: $ 3b 7CO $ 541CO ' 4SZCC 
[FF ECT I VENESS: .65 • ll 4 • b4 

ACC REDUCTION/ LU~LLA 11 \/1;. 
CROSS fr-.G ,>,HIJICTED COST RATIO RECOMMENDED PRESENT TUT AL CUl'IUL /IT I VE ACC REDUCTION CtCISHN CRI ltklA ltALl..tS 

ID # 11.CCIDENlS IRE:OUCE:0 ACC/ WARNING t.ARNING # OF cosr lkEUuCEO 
I ACC/YR I $ HI LL IONI DEV I CE lJl::VJCt: THACKS ( $ ThCI.JSAND I ACL/YRI l,l,L Ll..:: L(,J Ll.'• 

-------- --------- --------- ------ ------ ------ -------- -------

7',0854J 0.75 1. 17 GATE LIGHT 2 4'l 0.5 u. l 4 7 
740852V C.49 ~ .32 GATE LIGHT 3 ~B 0.8 u.2,7 
833473E C. 47 b. 15 GATE LIGHT 2 148 1.1 uo234 
740744 Y 0.41 5 .39 GArE HwY SGNL 2 l S 1 l. 4 0 .2 6 7 
740e55R 0.41 '.,. 3 5 GATE LJGhT 2 246 Lb o. 2tE 
0334751 0.37 4 .77 GATE LIGHT 2 2',5 l.'.I u • .;)(,l 

c04244G o. 34 ~ ·" 5 
GATE LIGhT I 344 2.1 o. J-'2 

74 0856 X o.3::i t., .28 GATE LIGHT 2 3S4 2.3 0.335 
ex, 8334 7<;V C.33 , .28 GATE LIGHT 2 443 ,.~ 0.3J6 
N 74085 7 E 0. 31 4 • 0 l GATE LIGHT J 4S2 2.1 u.35a 

833481 i,, 0 .28 3. 70 GATE LIGHT 3 541 2 • ., O.H8 
740842P 0. 21 2 .n GATI: LIGHT 7 590 J.O u.5d: 
740'1/Jl P J. 17 2 .6 5 · t,AH (kU SSBUCK 1 645 J.2 ().4 7C C./ll9 
740858L o. 17 2. 58 GATE CKUSSllUCK l 70,) j. j 0.48, C.llOS 
740734 T 0 • 19 ~ .49 GATE LIGHT 2. 14'l 3.4 0 .5 76 
8334HA C. l 'l 2.46 GATE L IGhT J 7S8 3.5 0-~~~ 

740841 h 0 .14 2 .08 GATE CROSSiJUCK ) 653 3.7 C .t,~C 
A3J42 5P 0. 10 l • 81 LIGHT Cl<OSSBUCK l 11',0 3.7 o. 7~2 J.32'i 
740914 R O.O'l l .6 5 LIGHT CKU S StlUCK l 926 3.8 0.87C I .46C 
A04 l93Y c.12 I .6 l GATE LIGHT 3 976 J.9 u.ai,~ 
!1042.JBD o.oa l .44 LIGHT C ROS StlUC K I 1012 3.9 1.ooJ I .b 18 

FIGURE 5-14. SAMPLE OUTPUT FROM THE RESOURCE ALLOCATION REPORT PROGRAM 
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