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Abstract  The work investigated each level grade crossing along Iddo-Alagbado rail corridor of Lagos State of Nigeria, 
and prescribed improvements in bringing about safety. ECF and USDOT accident prediction models were used to evaluate 
the level crossing considered. Also, guidelines for highway-rail crossing improvement according to MUTCD were used to 
determine the adequate improvement needed at the level crossings. The major finding of this paper is that a majority of the 
at-grade rail crossings need some improvements to be in compliance with MUTCD standards. From the results obtained, two 
at-grade crossings were identified for additional traffic control devices or consolidation of TCDs while the third at-grade 
crossing was identified for grade separation, and/or additional traffic control devices beyond MUTCD standards.  
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1. Introduction 
Rail/road intersections are very unique, special, 

potentially dangerous and yet unavoidable in the World. 
There are two different entities with entirely different 
responsibilities, domains, performances come together and 
converge for a single cause of providing a facility to the road 
user. During the normal operation also, there is every 
possibility of accidents occurring even with very little 
negligence in procedure and the result is of very high risk. 
The potential for accidents is made higher as the railways 
control only half the problem. The other half, meanwhile, 
cannot really be said to be controlled by one entity, as even 
though traffic rules and road design standards supposedly 
exist, the movements of road users are not organized and 
monitored by one specific entity as rigidly as rail movements. 
The motor vehicle-train accident, though infrequent, is the 
most severe in terms of fatalities, personal injuries and 
property damage per accident of all types experienced on the 
highways. This type of accident, however, can be eliminated 
by improving the safety measures in all level crossings or by 
construction grade separations for all rail-highway crossings. 

According to Ogden (2007) discusses adverse impacts of 
grade crossings including travel time delays and the 
possibility of non-train collisions, and concludes that grade 
crossing elimination will negate these issues. In confirming 
the Molitoris and Slater works, Ogden added that a criterion  
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for crossing closure on mainline tracks is if there are five or 
more crossings within a one-mile segment. USDOT 
Technical Working Group (TWG, 2002) outlines a four-step 
traffic control device selection procedure that would form 
the basis of an engineering study: gather highway-rail grade 
crossing information; evaluate highway traffic flow 
characteristics; possible revision to highway-rail grade 
crossing; and interim measures and/or documentation. 
Federal Railroad Administration /FHWA (1994), publication 
entitled Highway-Railroad Grade Crossings: states 
whenever a crossing is closed, it is important to consider 
whether the diversion of highway traffic may be sufficient to 
change the type or level of traffic control needed at other 
crossings. The surrounding street system should be 
examined to assess the effects of diverted traffic. Often, 
coupling a closure with the installation of improved or 
upgraded traffic control devices at one or more adjacent 
crossings can be an effective means of mitigating local 
political resistance to the closure. 
NATURE OF RESEARCH AREA 

This research work was carried out on three selected level 
crossings along the Iddo - Alagbado corridor. The level 
crossings are Yaba, Jibowu and Agege level crossings. Each 
of the level crossings has their different traffic control 
devices (TCDs) and traffic characteristics. 

The risk of the research area is increased due to the 
increase in commercial activity and bus stops along the level 
crossings. Each of the level crossings has their different 
traffic control devices (TCDs) and traffic characteristics. 
However, some of the traffic control devices are not working 
or not in place. This is due to negligence of government 
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especially the Nigerian Railway Corporation, to put in place 
safety measure and devices at the level crossings. Figure 2a, 

2b, and 2c show the pictures of the level crossings. 

 
Source: Lagos State Government, Nigeria (2007). 

Figure 1.  Location Map Showing the Railway Iddo-Alagbado Corridor 

     

Figure 2a.  Yaba Level Crossing                           Figure 2b.  Jibowu Level Crossing 

 
Figure 2c.  Agege Level Crossing 
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2. Materials and Methods 
Table 1.  Traffic Factors 

Vehicles per Day Factor 

250 
500 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 

0.000347 
0.000694 
0.001377 
0.002627 
0.003981 
0.005208 
0.006516 
0.007720 
0.009005 
0.010278 
0.011435 
0.012674 
0.015012 
0.017315 
0.019549 
0.021736 
0.023877 
0.029051 
0.034757 

Source: Railroad-Highway Grade Crossing Handbook 

Table 2.  Component Factors (Basic Values for Existing Devices) 

Components Basic Value 
Adjustments 

Crossbucks, traffic volume less than 500 
vehicles per day 
Crossbucks, urban 
Crossbucks, rural 
Stop signs, traffic volume less than 500 
vehicles per day 
Stop signs 
Wigwags 
Flashing lights, urban 
Flashing lights, rural 
Gates, urban 
Gates, rural 

3.89 
 

3.06 
3.08 
4.51 

 
1.15 
0.61 
0.23 
0.93 
0.08 
0.19 

Source: Railroad-Highway Grade Crossing Handbook 

This research work employs guidelines provided by 
USDOT and MUTCD to determine which crossing is to be 
improved. The most important data were generated through 
engineering studies of modern survey techniques like traffic 
volume count at different intersections. This is to determine 
the traffic flow characteristics, hourly distribution factors, 
and traffic composition. The expected crash frequencies of 
the three level crossings are calculated to determine the crash 
rate at those intersections. The research selected USDOT 
Accident Prediction Model which is applicable and of 
potential for use in Nigeria. A few models that were studied 
are modified versions of a basic model and USDOT accident 
prediction model was selected because of the input variables 
used for calculating either the expected number of accidents 
or a hazard index were compatible with data collected from 

Nigeria Railway Corporation. To obtain the expected crash 
frequency for flashing lights, use the following equation:  

ECF = A x B x T             (1) 
where; 

ECF = Expected Crash Frequency  
A  = Traffic factor, (see Table 1) 
B  = Component factor, (see Table 2) 
T  = Current number of trains per day 

2.1. USDOT Accident Prediction Model 

The DOT accident prediction formula combines three 
calculations to produce an accident prediction value. The 
expected number of accidents at a crossing is calculated 
using the following formulas:  

• A formula that contains geometric and traffic factors 
from the inventory file  

• A formula that involves crash history  
• A formula that incorporates the effect of the existing 

warning devices 
The basic formula provides an initial prediction of 

accidents on the basis of crossing characteristics. It can be 
expressed as a series of factors that, when multiplied together, 
yield an initial prediction of the number of accidents per year 
at a crossing. Each factor in the formula represents a 
characteristic of the crossing.  

The first formula is: 
 a = k× EI×DT×MS×HP×HL×HT       (2) 

where: 
a = primary annual accidents forecast at one crossing. 
K = formula constant  
EI = factor for exposure index based on product of 

highway and train traffic  
DT = factor for number of through trains per day during 

daylight  
MS = factor for maximum timetable speed  
HT = number of main tracks  
HP = factor for highway paved (yes or no)  
HL = factor for number of highway lanes 
The second formula, which is the general DOT accident 

prediction model, is expressed as follows: 

( )
0

0 0

( )
( )

T a T N
B

T T T T T
= +

+ +

   
     

       (3) 

where: 
N = observed crashes in T years at the crossing  
T = number of years of recorded crash data  
𝑇𝑇0 = formula weighting factor 1.0/ (0.05+a) 
The final crash prediction was developed using the 1992 

normalizing constants. The formulas are: 
A= 0.8239×B for passive      (4) 
A= 0.6935×B for Flashing lights     (5) 
A= 0.6714×B for Gates            (6) 

A= final accident prediction, crashes per year at the 
crossing. 
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Figure 3.  Methodology Flow Chart 

The methodology use for the research work is put in al 
flowchart in the Figure 3. 

3. Results and Discussions 
The results of the data obtained have been summarized 

into tables and graphs to clarify the road traffic and transport 
patterns within the Corridor. The analysis of results of the 
various field studies are discussed below. 

3.1. Vehicular Distribution of Traffic 

The output in Table 3 and Figure 4 show the vehicular 
distribution of traffic at the level crossings. The vehicular 
distribution is total number of vehicle class that pass through 
the level crossings.  

3.2. Hourly Traffic Distribution 

Table 4 shows the percentage hourly distribution of traffic 

during the 12 hour count at the three level crossings. From 
the data collected, it shows that the A.M peak period is about 
9am to 10am, which is due to early morning rush hour. The 
P.M peak period is usually at 5pm to 6pm. However the 
traffic volume at Jibowu level crossing increases towards the 
mid-day, this is due to the proximity of the intersection to 
major markets. 

Table 3.  Vehicular Distribution of Traffic 

Level Crossings Yaba 
(LC) 

Jibowu 
(LC) 

Agege 
(LC) 

Bicycles/Motorcycles/ Tricycles 966 2515 1822 

Taxi/Cars 4635 7401 10374 

Buses 239 753 3569 

Light Trucks 141 120 1251 

Heavy Trucks/Trailer 66 78 587 

TOTAL 6047 10867 17603 
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Figure 4.  Vehicular Distribution of Traffic 

Table 4.  Percentage Hourly Distribution of Traffic 

 
Yaba (LC) Jibowu (LC) Agege (LC) 

Hour of Day % Total % Total % Total 

6:00 - 7:00 2.21 4.85 10.87 

7:00 - 8:00 2.58 7.89 16.25 

8:00 - 9:00 4.98 8.26 18.09 

9:00 - 10:00 4.08 8.36 18 

10:00 -11:00 3.79 8.42 14.11 

11:00-12:00 3.28 8.22 14.08 

12:00 - 1:00 3.99 9.87 12.11 

1:00 - 2:00 2.89 9.92 10.08 

2:00 - 3: 00 3 10.1 11.66 

3:00 - 4:00 3.66 10.44 12.66 

4:00 - 5:00 6.1 10.08 18.06 

5:00 - 6:00 7.38 12.35 20.47 

N.B: LC = Level crossing 

The three graphs on Figure 5 shows similar trend of traffic 
flow. However, they have different time at which traffic is 
the lowest. From the graph, it is observed that Agege traffic 
volume is lowest around 1:00 -3:00pm, which started 
increasing till the P.M peak period of 5:00 – 6:00pm. For 
Yaba level crossings it was noticed that it has two lowest 
traffic volumes, between 10:00 – 12:00noon and 2:00 – 
3:00pm. Traffic volume at Jibowu level crossing was at its 
lowest around 10 -12noon. 

3.3. Crossing Exposure Index 

From Table 5, the crossing exposure index increases in 
value this is due to the increase in ADT, at the level crossings. 

As a result of these, the at-grade rail crossings should be 
considered for improvement to reduce the risk of collision 
and for safety and excessive vehicle delays. Crossing 
exposure index is represented by the numerical value of the 
product of ADT (Average Daily Traffic) and the number of 
trains per day. Table 5 shows that all the crossing exceeds the 
provided guidelines. At Yaba and Jibowu, crossing exposure 
exceeds 1,000,000train/yr. provided for grade separation but 
can still be consolidated. Crossing exposure at Agege level 
crossing exceeds 1,000,000 in urban areas. This shows that 
there is need for grade separation. 

3.4. Expected Crash Frequencies  

As shown in Table 6, it is observed that ECF for Yaba and 
Jibowu level crossings is still within the allowable ECF 
which is 0.02. However more safety measures still need to be 
put in place. The expected crash frequency at Agege level 
crossing exceeds 0.02; therefore, the USDOT accident 
prediction formulas will be used to determine the warrant to 
be satisfied. 

3.5. USDOT Accident Prediction Model Factors 

Table 7 shows the calculations for the accident prediction 
factor. These are the factors that make the initial prediction 
formula.  

3.6. Expected Accident Frequency (EAF) Calculated by 
USDOT Acciednt Prediction Formilas 

Table 8 shows the USDOT accident prediction formulas 
used for Agege level crossing. From table 8, the initial 
prediction shows that passive device is not warranted. From 
Table 8, multiple tracks exist at Agege level crossing which 
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2515 
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753 120 78 
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may effectively reduce the clearing sight distance below the 
minimum relative to a train approaching the crossing on an 
adjacent track. Also, the Annual Average Daily Traffic 
exceeds the allowed traffic for consolidation and grade 
separation. The expected accident frequency (EAF) as 
calculated by the USDOT Accident Prediction formula, 

including 5-year accident history, exceeds 0.5. Therefore 
crossing consolidation should be employed. The crossing 
exposure and the passenger train crossing exposure exceed 
the limits, which mean that there is high risk of accident 
along the level crossing.  

 

 
Figure 5.  Percentage Hourly Traffic Distribution 

Table 5.  Crossing Exposure Index 

Level 
Crossings AADT Crossing Exposure 

Index 
Maximum 
Allowed Remarks 

Yaba 72,564 870,768 1,000,000 Needs Consolidation 

Jibowu 130,404 1,564,848 1,000,000 Satisfy Grade Separation but can 
Consolidate 

Agege 211,236 2,534,832 1,000,000 Grade Separate 

Table 6.  Expected Crash Frequencies 

Level 
Crossings ADT 

A 
(Table 1) 

B 
(Table 2) 

T 
ECF= 

A×B×T 
Maximum 
Allowed Remarks 

Yaba 6047 0.009005 0.08 12 0.00865 0.02 Satisfactory but 
needs consolidation 

Jibowu 10867 0.012674 0.08 12 0.012 0.02 Satisfactory but 
needs consolidation 

Agege 17608 0.021736 0.08 12 0.21 0.02 
Proceed using 
USDOT accident 
prediction formula 

NB: ECF = Expected Crash Frequency, T = Current number of trains per day 
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Table 7.  USDOT Accident Prediction Model Factors 

Level Crossing Type of Control (K) (EI) (DT) (MS) (MT) (HP) (HL) 

Agege 

Passive 0.0006938 169 1.94 1.7 1.0 1.73 1.0 

Flashing 0.0003351 297 1.52 1.0 1.0 1.0 1.73 

Gate 0.000574 59 1.93 1.0 1.35 1.0 1.53 

 

Figure 6.  Flowchart for Selection Processes for Level Crossings 
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Table 8.  USDOT Accident Prediction Models 

Level Crossing AGEGE 

USDOT MODELS Passive Flashing Gates 

a = k× EI×DT×MS×HP×HL×HT 0.67 0.26 0.41 

𝑇𝑇0 = weighting factor 1.0/ (0.05+a) 1.39 3.23 2.17 

( ) ( )0

0 0

( )

( )

T a T N
B

T T T T T
= +

+ +

 
  

 1.4 1.2 1.3 

A 0.8239B 0.6935B 0.6714B 

 1.15 0.83 0.87 

 

4. Conclusions and Recommendations 
From the results obtained, it is noticed that additional steps 

should be taken to bring all crossings into full compliance 
with the MUTCD. Some crossings warrant additional TCDs 
beyond MUTCD standards and this was determined as a 
result of the research carried out.  

From the review of the results generated on all the level 
crossings, the following are recommended: 

1. All the traffic control devices at all the crossings should 
be resuscitated for functional and effective use to 
reduce crash frequency.  

2. Grade separation should be provided at Agege level 
crossing because the expected crash frequency (ECF) 
for gates exceeds 0.02, AADT exceeds 100,000 and the 
expected accident frequency (EAF) for active devices 
with gates, as calculated by the USDOT Accident 
Prediction Formula including 5-year accident history, 
exceeds 0.5.  

3. At Jibowu Level crossing, supplemental signing and/or 
pavement markings are required where a railroad grade 
crossing is located less than 80 ft. (25 m) before an 
intersection as measured from the stop line at the 
intersection to the closest rail on the crossing. This 
applies to all the intersections evaluated. 

4. At Yaba level crossing, the automatic gate should be 
should be provided to eliminate vehicular and 
pedestrian crashes along the intersection. 
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