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Effect of train-type heterogeneity
on single-track heavy haul railway
line capacity
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Christopher PL Barkan1

Abstract

North American heavy haul railroads are experiencing growth in traffic demand and increasingly facing capacity con-

straints. A key factor influencing railroad operations is heterogeneity in train characteristics. Different train types can

have substantially different operating characteristics including maximum speed, power-to-ton ratio and dispatching pri-

ority. This heterogeneity causes conflicts between trains that increase delays and reduce capacity. Dispatching simulation

software was used to analyze the effect of various combinations of intermodal and bulk trains on a hypothetical,

signalized, single-track line with characteristics typical of a North American freight railroad subdivision. This assessment

studied the relationship between volume, heterogeneity and delay. Further work identified the key factors that contrib-

ute to the increased delays due to heterogeneity. The train characteristics of speed, acceleration, braking and priority

were considered for their effect on the increased delays due to heterogeneity. Understanding these factors that affect

delay allows for more effective network capacity planning and efficient rail operations. The results also suggest certain

railway operating strategies that may reduce the delays caused by train-type heterogeneity thereby improving service

reliability.
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Introduction

Efficient use of existing railroad infrastructure and
effective planning for new infrastructure or other capa-
city-enhancing systems requires an understanding of
how operations affect capacity.1–4 Railroad operations
are a complex interaction of many factors, one key
factor being the interaction of trains with different
operating characteristics.5–10 In North America, inter-
modal, manifest, unit and local trains may all share
trackage. Some lines also have intercity passenger
trains and in metropolitan regions, commuter trains.
Each of these train types can have considerably differ-
ent characteristics and this heterogeneity can have a
substantial effect on rail line capacity.4,11,12

With homogenous traffic, delays on a single-track
line are almost solely due to meets.13,14 With hetero-
geneous traffic, delay is also caused by conflicts that
occur as a result of differences in train characteristics,
some of which increase frequency and duration of
meets and passes.6,15 These additional delay-causing
situations with heterogeneous traffic include:

. train delayed by a slower preceding train;

. train delayed by a preceding train with slower
acceleration;

. trains experiencing longer meets waiting for higher-
priority trains;

. train delayed waiting for another train to pass;

. Trains experiencing more conflicts due to lower
average speed resulting from other delays due to
heterogeneous traffic.

The magnitude of these delays is dependent on the spe-
cific train mix, volume and amount of heterogeneity.

Bronzini and Clarke16 used simulation to develop
delay/volume curves for traffic with varying amounts
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of intermodal and unit trains on a theoretical single-
track line. Dingler et al.6 performed preliminary simu-
lation analyses to determine the impacts of heterogen-
eity with freight and passenger traffic. Dinger et al.10

conducted another study to determine the benefits of
various operational and infrastructure changes at
reducing train delay. However, none of the previous
research work comprehensively looked into the rela-
tionship among delay, volume and heterogeneity on
single-track heavy haul railway line capacity.
Consequently, in this paper, simulation software is
used to conduct a quantitative analysis of the
impact of heterogeneity among intermodal and bulk
trains, which are among the most frequently operated
trains on the North American railroad network. The
effects of different volumes and percentages of each
train type on a signalized, single-track route are eval-
uated. Delay is used as the principal metric to assess
capacity impacts under different scenarios. The
objective of this research is to provide insight into
the impact of train type heterogeneity and understand
the key characteristics of traffic heterogeneity that
have the greatest impact on delay.

Methodology

Capacity metric

Delay is used as the principal metric for capacity com-
parisons in this study. We define delay as the differ-
ence between the minimum, or unopposed, run time
and the actual run time required to traverse the route.
This includes the time spent stopped for meets and
passes, along with the time for braking and accelerat-
ing. The total delay is divided by train miles to obtain
a normalized value of delay per 100 train miles.
Multiple operational and infrastructure scenarios are
considered in order to calculate the effectiveness of
various methods of reducing delay. The dispatch
simulation software, Rail Traffic Controller (RTC)
from Berkeley Simulation Software, is used to simu-
late multiple traffic scenarios, with train delay being
the primary metric to measure capacity and the cost
of train operations. RTC is a sophisticated software
program designed to realistically simulate both freight
and passenger operations over a railroad network.12,17

The software uses infrastructure and traffic inputs
specified by the user to resolve multi-train conflicts
in a manner intended to mimic the decisions made
by a railroad dispatcher. RTC permits rapid evalu-
ation of different operating scenarios and is con-
sidered as the standard by the North American
railroad industry.

Representative rail line

Specific characteristics of individual rail lines are
unique and route characteristics influence railroad
operations. For the research reported in this paper a

hypothetical rail line was created so as to have the
characteristics of a typical midwestern North
America, single-track mainline subdivision (Table 1).
Although the attributes are somewhat idealized, the
purpose is to provide a consistent basis for relative
comparison of different scenarios of interest in this
research under a reasonably realistic set of operating
conditions. However, there is no intent to imply that
the results presented here represent absolute predict-
ive measurements for a particular set of conditions.

Train types

Combinations of intermodal and bulk trains were
used to investigate the impact of heterogeneity. Bulk
goods transported by rail include coal, ore, grain and
stone typically in long, heavy, unit trains with low
horsepower-to-trailing ton (HPTT) ratios (e.g.
<1.0). Intermodal trains transport trailers and
containers carrying consumer goods and other high-
priority shipments to and from domestic and inter-
national markets. Since these shipments require fast,
reliable service, intermodal trains travel at higher
speeds and have higher HPTT ratios (e.g. >3.0).
Using commodity-based railroad transportation stat-
istics it can be estimated that bulk and intermodal
traffic account for roughly 60% of the US Class 1
railroad’s revenue, 75% of the tonnage and 80% of
the carloads.18

While each individual train is different, the attri-
butes for each train type were selected to match their
average characteristics (Table 2). The number of cars
and units were obtained from the Cambridge
Systematics National Rail Freight Infrastructure
Capacity and Investment Study11 conducted for the

Table 1. Route used in analysis.

Single track with 10 mile siding spacing 262 miles long

10 miles between siding centers

8700 ft signaled sidings with 24 powered turnouts

2.75 mile signal spacing

two-block, three-aspect signaling

0% grade and curvature

Table 2. Train composition characteristics used in

simulations.

Intermodal Bulk

16 three-pack spine cars 115 loaded hopper cars

Nine five-pack well cars

5659 ft (1725 m) 6325 ft (1928 m)

5900 tons 16,445 tons

3.64 HPTT 0.78 HPTT

Five 4300 HP Locomotives Three 4300 HP Locomotives

Maximum speed: 70 miles/h Maximum speed: 50 miles/h
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Association of American Railroads.18 Typically well
cars with five articulated units are used to transport
international containers and spine cars with three
articulated units are used to transport domestic trai-
lers. The number of cars was determined based on the
relative amounts of domestic and international inter-
modal traffic. Tonnages and lengths were based on
averages for each car type. The power-to-ton ratios
were based on experience and information from the
Transportation Research Board’s Workshop on
Railroad Capacity and Corridor Planning.19

Train priority is a non-physical characteristic
assigned to it by the dispatcher. When two trains
meet, priority is one factor the dispatcher will take
into consideration when determining how to resolve
the conflict. Dispatchers will generally try to minimize
the total cost of delay.12 This means that the trains
carrying lower value or less time-sensitive freight, will
have lower priority and enter the siding, while the
higher-priority train holds the mainline and proceeds
with little or no delay. In this study, intermodal trains
were assigned the higher priority, as is typical in most
railroad operations.

While the chosen attributes approximate actual
characteristics, at the most basic level the ‘‘inter-
modal’’ trains represent freight trains with the highest
maximum speeds, power-to-ton ratios and dispatch-
ing priorities, while the ‘‘bulk’’ trains represent those
with the lowest speeds, power-to-ton ratios and dis-
patching priorities. Although referred to as ‘‘inter-
modal’’ and ‘‘bulk’’ for convenience, what is
actually of significance in the analyses are their spe-
cific operating characteristics, not the particular type
of consist.

When considering the impact of heterogeneity it is
important to consider how the operating characteris-
tics of the train affect its operation. Tonnage, power
and length of a train have a direct impact on its ability
to accelerate and brake, and consequently its effect on
capacity. In typical operation a train will slow to a
stop gradually using a mixture of air and dynamic
brakes. The braking distances in RTC were calibrated
with the assistance from a Class 1 railroad to

approximately match the braking distances of each
type of train making a typical brake application.

To better understand the differences in operating
characteristics of the two trains in the analysis their
braking and acceleration distances were compared
(Figure 1). Intermodal trains brake at a faster rate,
but due to their higher initial speeds, their braking
distance is only about 2,000 feet less than the bulk
train. On the other hand, there are large differences
in the acceleration distances for the two train types.
Intermodal trains have a much higher HPTT ratio
and therefore are able to accelerate to maximum
speed more quickly.

Experimental design

A series of simulations were developed with different
traffic volumes and levels of train heterogeneity.
Eleven different volumes were tested from eight to
48 trains per day simulated in increments of four.
Each volume was based on an equal temporal distri-
bution of trains in each direction over a 24-h period.
This was not intended to represent practical, sustained
operation, which includes windows for inspection and
maintenance, but rather to provide a basis for relative
comparison of the effect of various factors of interest.
The results are therefore more characteristic of the
spacing or headway between trains than the actual
volume. Seven different levels of heterogeneity were
tested based on the percentage of the different train
types. The tests were done with 12.5, 25, 50 and 100%
of each train type. The traffic was composed of a
single train of the lower percentage type, followed
by the corresponding number of trains for the other
train type. For example, 12.5% bulk trains means that
every bulk train was followed by seven intermodal
trains. The ratios and traffic pattern were the same
for trains traveling in both directions. For each con-
figuration a series of 25 simulations were performed
with the departure time of each train randomized with
a uniform distribution over a 30-min interval, up to
15min before or after the scheduled departure time
for that train.
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Figure 1. (a) Braking curve and (b) acceleration curve of bulk and intermodal trains.
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Delay/volume/heterogeneity relationship

To better understand the relationship between delay,
volume and heterogeneity, simulation results were
combined to create a surface over the three axes
(Figure 2). The delay/volume/heterogeneity surface
reveals two trends: delay increases with increasing

volumes and it is dependent on the traffic mix. To
further investigate these trends, each axis was ana-
lyzed individually (Figure 3). This permits the inves-
tigation of the delay/volume relationship, delay/
heterogeneity relationship and volume/heterogeneity
relationship.
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Figure 3. The (a) delay/heterogeneity, (b) delay/volume and (c) volume/heterogeneity relationships for intermodal and bulk trains.
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Figure 2. Delay/volume/heterogeneity relationship for intermodal and bulk trains.
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Delay/heterogeneity relationship

The delay/heterogeneity graph shows the effect of het-
erogeneity on delay at various volumes (Figure 3(a)).
Delay is greatest when the traffic is heterogeneous.
However, the maximum average delay is not when
heterogeneity is largest (50%) but when the traffic is
75% bulk trains and 25% intermodal. The traffic com-
position resulting in the greatest delay depends on the
trains’ characteristics. In this example bulk trains
experience greater delay due to their slower maximum
operating speed. The combined effect of the larger
number of these slower-performing trains and hetero-
geneity is greatest when the traffic is 75% bulk trains.

Delay/volume relationship

The delay/volume graph shows the effect of volume
on delay at various levels of heterogeneity (Figure
3(b)). It is evident that the effect of additional trains
on delay is nonlinear. Delay increases at an increasing
rate with higher volumes. At higher volumes there are
additional meets and shorter headways resulting in
greater delays. The delay/volume relationship is dif-
ferent for various traffic compositions. Higher levels
of heterogeneity cause greater delays and the delays
increase more rapidly than with homogenous traffic.

Volume/heterogeneity relationship

Another aspect of the delay/volume/heterogeneity
surface that should be considered is the relationship
between volume, heterogeneity and various levels of
delay (Figure 3(c)). Delay is often used by the rail-
roads to determine capacity. Capacity planners deter-
mine the acceptable amount of delay to meet their
level-of-service requirements. In this example, if the
maximum allowable delay is 60min per 100 train

miles and the traffic consists of only intermodal
trains, the maximum capacity is 100 trains per day.
If the traffic changes to an even mix of intermodal and
bulk trains, capacity drops to 42 trains, 21 intermodal
and 21 bulk trains. Therefore, by adding 21 bulk
trains the ability to run 79 intermodal trains is lost.
This effect is greatest when a few bulk trains are added
to a route that is primarily intermodal traffic.

Delays due to heterogeneity for each train type

Train-type heterogeneity increases average delay but
the delays are different for each train type. At 48
trains per day, the delays to each train type were con-
sidered individually (Figure 4). In every traffic mix the
bulk trains have higher delays than the intermodal
traffic. The intermodal train delay is relatively con-
stant over all traffic mixes with the greatest delays at
the highest levels of heterogeneity. Bulk trains have
much higher delays but the delays decline as the per-
centage of bulk trains increases. When the percentage
of intermodal trains is lower it becomes less likely for
a bulk train to meet a higher-priority intermodal
train. When this occurs, it often results in a meet
that causes greater delays than would have occurred
if a train of equal priority had been encountered.
Much of the increased delay due to heterogeneity is
the result of additional delays to the bulk trains, not
an increase in the delays to both train types. The dif-
ference in delay between the intermodal and bulk
train traffic decreases at lower volumes and as a
result, delays due to heterogeneity are also lower.

Delay/volume/heterogeneity relationship
for delays due to heterogeneity

When traffic is homogenous the average delays
for intermodal and bulk trains are different.
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Figure 4. Delay separated by train type at 48 trains per day.
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Therefore, as the traffic mix changes, some of the delay
is due to more trains experiencing a differing delay due
to their characteristics, rather than the result of het-
erogeneity alone. In order to account for this effect the
hypothetical delay that would occur for the same traf-
fic mix in the absence of any heterogeneity-caused
sources was subtracted from the delay for each par-
ticular mixed-traffic scenario (Figure 5).

It is clear that heterogeneity causes only some of
the total delay a train experiences. The percentage of
the total delay caused by heterogeneity increases with
greater traffic volume and levels of heterogeneity.
However, even at 48 trains per day, when the traffic
is an even mix of intermodal and bulk trains, hetero-
geneity accounts for only 40% of the total delay. With
smaller volumes and less heterogeneity this percentage
is even lower.

As with total delay, the delay/heterogeneity, delay/
volume and volume/heterogeneity relationships are
considered (Figure 6). The trends are different from
those for total delay and provide further useful
insights into the impact of heterogeneity. Since the
delays are only due to heterogeneity the volume/het-
erogeneity relationship does not offer any additional
insight into the effects of heterogeneity.

Delay/heterogeneity relationship

Unlike total delay, the delay due to heterogeneity is
when heterogeneity is greatest (Figure 6(a)). While the
maximum total delay occurs at 75% bulk (25% inter-
modal), the maximum delay due to heterogeneity is
when there is an even mix of intermodal and bulk
trains. When the volumes are low there is almost no
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Figure 5. Delay/volume/heterogeneity relationship for intermodal and bulk trains with delay due to heterogeneity isolated.
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impact of heterogeneity on delay, with the delays due
to heterogeneity increasing with greater volumes.

Delay/volume relationship

The delays due to heterogeneity have a nonlinear rela-
tionship (Figure 6(b)). There is little effect of hetero-
geneity until about 15 trains per day. At low traffic
levels the headways between trains are great enough
that passes are limited and excess siding capacity
allows for efficient meets and passes. However, as traf-
fic volume increases beyond this, meets become more
frequent and headways shorter, thereby magnifying
the differing characteristics and creating additional
conflicts.

Analysis of factors that cause delays due
to heterogeneity

Although the effect of volume and heterogeneity on
delay is clear, the specific factors causing the
increased delays due to heterogeneity are not.
Additional simulations were conducted to investigate
the sensitivity of delay to speed, braking perform-
ance, acceleration performance and dispatching pri-
ority. While not possible in actual operations, the
use of simulation enables each factor to be isolated
to determine its effect on delay and capacity. Two
scenarios were studied for each factor: in the first
scenario the selected factor was the only source of
heterogeneity and the delays due to this factor were
considered. The second scenario is the opposite con-
dition: the factor was eliminated from the base scen-
ario and the reduction in delay due to this action
was evaluated.

Impact of heterogeneity in speed

Trains travel at different speeds depending on their
service requirements. Higher-valued commodities

typically travel in higher speed trains than less time-
sensitive commodities. The resultant heterogeneity in
train speed can create additional conflicts and delays.
With heterogeneous train speeds, a faster train may
overtake a slower one. Before there is an opportunity
to pass, the faster train may have to slow to the speed
of the preceding train. Once a siding is reached the
train being overtaken will have to reduce speed to
enter the siding and stop thereby allowing the faster
train to pass. In this manner heterogeneous train
speeds can cause extra delay for both the faster and
slower trains.

In the first investigated scenario considered inter-
modal trains traveling at 50 and 70miles/h at four
different traffic levels: 12, 24, 36 and 48 trains per
day (Figure 7). At the two lower volumes the delay
due to the heterogeneity in speed is negligible.
However, at 36 and 48 trains per day the speed dif-
ference causes delays. In general, delay due to speed
heterogeneity is greatest at the highest volumes and
levels of heterogeneity. In typical operations the
higher-speed trains receive a higher dispatching
authority, otherwise when a higher-speed train
reaches the point where it needs to overtake a
slower train it will not be able to pass the slower
train, thus increasing delays. However, in this scen-
ario the priorities of the two trains train types were
equal and therefore some additional delays are the
result of faster trains being slowed down.

In the second investigated scenario the only change
from the base scenario was a reduction in speed of the
intermodal trains to 50 miles/h in order to eliminate
the speed difference between trains (Figure 7(b)). The
impact of this change varies depending on the volume
of traffic. At 12 trains per day the change in delay is
minimal. When the volume increases to 24 trains per
day delays are reduced at all levels of heterogeneity.
At 36 trains per day the delays are reduced when the
majority of the traffic is bulk, and increases when the
traffic is mostly intermodal. At the highest volume,
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48 trains per day, delays increase with all levels of
heterogeneity.

At the lowest volumes there may not be any passes
due to the large headways between trains; conse-
quently, reducing speed to eliminate meets has no
effect. When volumes increase delay is reduced due
to the elimination of speed difference conflicts.
However, slower train speeds increase the time a
train occupies the track, resulting in more meets and
the associated delay. At the highest volumes the delay
from the increased number of meets outweighs the
savings from the elimination of passes. Additionally,
the reduction in speed from 70 to 50 miles/h for the
intermodal trains increases run times by 35.34min per
100 train miles. Therefore, while delay is reduced at
24 trains per day, the run time actually increases due
to the slower speed.

Impact of heterogeneity in braking performance

Trains with different lengths and tonnages require dif-
ferent distances to stop. Braking distance affects both
signal spacing and delay during a meet. A train with a
poor braking performance will take longer to reduce
speed and thus require more time to resolve a conflict.
Longer meet delay will increase run times and can
result in additional conflicts due to longer track
occupancies.

The first investigated scenario considered bulk
trains with normal braking performance, and with
the braking performance of intermodal trains
(Figure 8). Braking performance affects the delays
experienced by a train, however, conflicts between
trains with different braking performances does not
result in additional delays. The delay that occurs
while a train is braking is relatively minor compared
with the time lost while a train waits in a siding or the
time it takes the train to accelerate back to top speed.
Since trains were not delayed by preceding trains with
poorer braking performance; heterogeneity in braking
performance has little impact.

In the second investigated scenario heterogeneity in
braking performance was eliminated by improving the
braking performance of the bulk trains to match that
of the intermodal train (Figure 8(b)). The changes
result in a reduction in delay corresponding to the
percentage of bulk trains. As the percentage of bulk
trains increases, so does the reduction in delay. The
reduction also increases with higher volumes since
there are a greater number of stops for meets and
passes. However, the changes do little to reduce het-
erogeneity-caused delays.

In this research, only the impact of braking per-
formance on delay with fixed signal blocks is con-
sidered. In actuality, braking performance affects
signal spacing and allowable train speeds. Another
implication of heterogeneity in train braking is the
inability to optimize the signal system for a specific
train type. Signal spacing is typically set based on the
longest, full-service stopping distance of any train that
regularly operates on a line. If traffic is homogeneous
signal spacing can be designed for that specific train
type thereby enabling shorter headways.
Alternatively, without a change in signal spacing
improved braking performance can allow for faster
train speeds since it is possible for a faster train to
stop in the same distance as an unimproved train at
a slower speed.

Impact of heterogeneity in acceleration
performance

Another type of train heterogeneity is acceleration
performance. Acceleration is directly related to the
power-to-ton ratio of a train. A higher power-to-ton
ratio allows a train to accelerate faster and reach
higher top speeds. There are two ways acceleration
performance can influence capacity. First, heterogen-
eity in train acceleration performance can potentially
impact capacity if a following train is delayed while a
train ahead of it accelerates to maximum track speed.
As traffic volume increases, the number of meets and
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Figure 8. Delays due to (a) braking performance heterogeneity and (b) reduction in delay from base scenario when braking per-

formance of bulk trains is improved to match that of intermodal trains.
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passes increases while headways are reduced, increas-
ing the potential for this type of conflict. Second, the
acceleration performance of a train affects its delay
because it increases the time it takes for a train to
reach maximum track speed after a conflict.

The first investigated scenario considered traffic
composed of bulk trains with normal acceleration per-
formance and the acceleration performance matching
intermodal trains (Figure 9). The delays due to het-
erogeneity in acceleration performance depend on
traffic mix. Delays are minimal when most trains
have a superior acceleration performance, but
increases with the percentage of trains with an inferior
acceleration performance. When the majority of
trains have a poor acceleration performance, it is
more likely for a trailing train to be slowed by a
train accelerating from a meet, thereby causing add-
itional delay.

The second investigated scenario removed hetero-
geneity in acceleration performance from the base
scenario by improving the acceleration performance
of bulk trains to match that of intermodal trains
(Figure 9(b)). This change leads to the revelation
that acceleration performance is a significant factor
causing delays to bulk trains and increased delays
due to heterogeneity. The reduction in delay increases
with greater traffic volumes and with an increasing
percentage of bulk trains, however, the greatest reduc-
tion is not with homogenous bulk train traffic but
when 75% of the trains are bulk. Since the reduction
in delay occurs when the traffic is heterogeneous,
improved acceleration performance not only reduces
delay to each bulk train but also reduces train con-
flicts that result in delay.

In typical operations lower-priority trains often
have poorer operating characteristics. This can
increase congestion on a route because these trains
will make more frequent stops to resolve conflicts,
increasing the possibility of following trains being
delayed. Without priorities, the trains with poorer
operating characteristics would make less frequent

stops reducing the possibility of these types of con-
flicts. Therefore, acceleration performance alone does
not significantly influence delays but in combination
with priorities it can cause the additional delays that
result from heterogeneous train traffic.

Impact of heterogeneity in priority

The last characteristic considered is the dispatching
priority assigned to trains. Intermodal trains with
their higher-value merchandise and greater customer
demand for fast, reliable service are typically given the
highest priority by railroad dispatchers. Bulk trains are
typically less time-dependent and therefore given lower
priority on the network.20 Without differential priori-
ties during a conflict, the first train to arrive at a siding
will enter it andwait for the other train.With priorities,
the lower-priority train will often have to stop at an
earlier siding and wait so as to prevent delays to the
higher-priority train. Consequently, priority can
increase both the number and duration of meets.

The first investigated scenario considered traffic
composed of intermodal trains with high and low
priorities (Figure 10). When priority is considered
alone the increased delays are due to more frequent
and longer delays of lower-priority trains during
meets. As would be expected, these delays are greatest
at the highest volumes and levels of heterogeneity.
The second investigated scenario considered the base
scenario with all the traffic having the same priority
(Figure 10(b)). With homogenous traffic all the trains
are the same and have equal priority; consequently,
removing heterogeneity in priority does not change
the delays in these scenarios. However, with heteroge-
neous traffic, removing priorities reduces delay with
the greatest reduction at the highest levels of hetero-
geneity and traffic volumes.

The magnitude of the delay caused by heterogen-
eity in train priorities depends on the characteristics of
the trains. In typical operations the trains with the
lowest priority often have the poorest operating
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Figure 9. Delays due to (a) acceleration performance heterogeneity and (b) reduction in delay from base scenario when acceleration

performance of bulk trains is improved to match that of an intermodal train.
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characteristics. Ironically this means that these trains
with the slowest acceleration experience the most add-
itional stops due to meets and passes. While the other
factors considered contribute to delays with and with-
out heterogeneous traffic, priority only reduces delays
due to heterogeneity.

To further investigate the effect of priority on train-
type heterogeneity, the delay to each type of train was
individually studied (Figure 11). When the priorities
are equal the delays to each train type are similar and
the delays increase with a greater percentage of bulk
trains. Unlike when intermodal trains are given a
higher priority (Figure 4), in this case the intermodal
trains have a greater delay than bulk trains. Since it is
less likely that a faster train will pass a slower train
when there are no priorities, there may not be enough
time for the train to reach its top speed before slowing
for another meet. With equal priorities, the average
delays are less than when the traffic has differential
priorities but the reduction comes as a result of

increased delays for the higher-priority intermodal
traffic.

Discussion

Traffic volume, heterogeneity and delay are all closely
related. Routes that have the highest volumes and are
facing the greatest capacity constraints, experience the
largest delays due to heterogeneity. The two principal
train characteristics that reduce capacity are hetero-
geneity in train priority and acceleration performance.
Neither causes substantial delays due to heterogeneity
alone, but in combination they result in additional
stops for the lower-priority trains, which are least
able to accelerate back to top speed. Other sources
of heterogeneity, braking and speed difference have
little effect on delay. On a single track route, reducing
train speed to homogenize traffic increases the occu-
pancy time of the track between sidings thereby
increasing delays and reducing capacity.
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Figure 10. (a) Delays due to heterogeneity in priority and (b) reduction in delay from base scenario when priorities are equalized.
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Although not considered in this study, passenger
trains can introduce substantial heterogeneity on a
line. They create additional delays because their per-
tinent characteristics are substantially different than
the variation among freight trains. Passenger trains
have higher maximum speeds, power-to-ton ratios
and dispatching priorities, than all other freight
trains. When passenger trains are added to baseline
freight schedules, their impact is greater than if the
same number of freight trains is added. This add-
itional effect needs to be considered when additional
passenger trains are proposed for a route. These trains
not only take up train slots that could otherwise be
used by freight, but they can also create additional
delays for existing freight traffic.21

Understanding the trends and causes of capacity
lost due to heterogeneity among trains is important
when planning for new traffic. Train type can be as
important as the number of trains when considering
the impact on capacity and thus volume should not
be the sole measure of line capacity. This research
has shown that even at a constant volume, traffic can
experience widely varying delays, depending on the
mix of trains. A route may be operating at capacity
at a variety of different volumes depending on the traf-
fic mix. Additionally, depending on the current traffic
mix, additional traffic will have a different impact on
capacity. For example, when the majority of traffic is
intermodal the addition of a few bulk trains will have a
much greater effect than adding a few intermodal
trains to a network operating mostly bulk trains

Conclusions

There is increasing demand for freight rail transport
in North America and considerable capital is being
invested in new infrastructure. Investing this capital
efficiently requires understanding the different oper-
ational characteristics of the intended traffic.
Analyses have been performed using dispatch simula-
tion software to determine the impacts of heterogen-
eity in freight traffic. This assessment reveals the
relationship between volume, heterogeneity and
delay. Further work identified the key factors that
contribute to the increased delays due to heterogen-
eity. The train characteristics of speed, acceleration,
braking and priority were considered and the combin-
ation of priority and acceleration performance were
found to have the greatest effect. Understanding these
factors that affect delay allows for more effective net-
work capacity planning and efficient rail operations.
The results also suggest certain railway operating stra-
tegies that may reduce the delays caused by train-type
heterogeneity thereby improving service reliability.
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