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Abstract

   A conventional railway system usually has multiple types of trains with various 

service patterns operating on the same line. This difference in train characteristics lead 

to different capacity impacts on the system. Recently a new concept was proposed to 

use Base train equivalent (BTE) standardize different train type into base train; this 

concept is similar to Passenger car equivalent (PCE) on highway. By convert these 

non-base trains to a standardized unit we call the convert volume as base train units 

(BTU). However, previous study focuses on the development of BTE with analytical 

capacity models as opposed to delay-based capacity models, such as parametric or 

simulation models. Consequently, this research develops delay-based BTE models for 

delay-based capacity models.   

Since BTE is developed based capacity models its value also varies with key 

capacity factors, such as traffic, operating and route characteristics. However, in terms 

of a particular route, BTE would only vary with traffic volume and heterogeneity 

since most of the other factors will be fixed. Therefore, this study first develops 

dynamic BTE models with consideration of volume and heterogeneity. Besides that, 

this study also develops fixed BTE model with consideration of heterogeneity since 

its impact is far more significant than traffic volume.   

Another variation in the development is the number of train types. For only 

two-type train operations, BTE can be directly computed based on the developed BTE 

models. However, the same model cannot be directly applied to multiple-type train 

operations (three or more types) due to due to limited output of variables from the 

capacity models. This study adopts the concept of vector projection to identify single 

value for each BTE in this case.   
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 With the proposed models, the unit of delay-based rail capacity can be converted 

into a standard unit. The impact of an additional train can be easily assessed, and 

capacity measurements from different lines or systems can be compared and 

evaluated.

Keywords: Base Train Equivalent, Capacity Analysis, Capacity Factor, Simulation 
Mode, Train Delay.
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30P-70C 1.12 
6P-14C 1.16 0.04 

12P-28C 1.22 0.16 
18P-42C 1.09 0.03 

40P-60C 1.04 
8P-12C 0.98 0.06 

16P-24C 1.15 0.11 
24P-36C 1.04 0 

50P-50C 0.97 
10P-10C 0.85 0.12 
20P-20C 1.05 0.08 
30P-30C 0.97 0 

60P-40C 0.93 
12P-8C 0.74 0.19 

24P-16C 0.99 0.06 
36P-24C 0.93 0 

70P-30C 0.88 
14P-6C 0.65 0.23 

28P-12C 0.96 0.08 
42P-18C 0.88 0 

80P-20C 0.84 
16P-4C 0.54 0.30 
32P-8C 0.88 0.04 

48P-12C 0.84 0 

90P-10C 0.76 
18P-2C 0.42 0.34 
36P-4C 0.76 0 
54P-6C 0.78 0.02 
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4.4

4.4.1 �
10%
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  *  10% =20

 4.6
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4.5

20 1.09 0.70

40 0.3 0.15 60

0.33 0.21

7.37 2P 2P 16C

4.78 48P 6I 6C
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 4.5

I% P%-I%-C% �� �� �� �� �� ��

I=10% 

10P-10I-80C 6.28 0.78 
20 7.37 0.92 1.090 0.135
40 6.43 0.8 0.150 0.015
60 6.12 0.76 0.160 0.025

20P-10I-70C 3.13 0.89 
20 3.59 1.01 0.458 0.115
40 3.23 0.92 0.098 0.028
60 3.07 0.86 0.062 0.035

30P-10I-60C 2.04 1.02 
20 2.23 1.12 0.190 0.100
40 2.13 1.07 0.090 0.050
60 1.97 0.99 0.070 0.030

40P-10I-50C 1.51 1.21 
20 1.61 1.26 0.103 0.054
40 1.59 1.27 0.078 0.063
60 1.45 1.18 0.057 0.026

50P-10I-40C 1.16 1.45 
20 1.2 1.46 0.040 0.010
40 1.21 1.52 0.050 0.070
60 1.13 1.42 0.030 0.030

60P-10I-30C 0.93 1.86 
20 0.9 1.78 0.028 0.077
40 0.98 1.97 0.052 0.113
60 0.91 1.81 0.018 0.047

70P-10I-20C 0.74 2.61 
20 0.68 2.37 0.069 0.240
40 0.78 2.73 0.035 0.121
60 0.74 2.57 0.005 0.037

80P-10I-10C 0.59 4.71 
20 0.5 4.01 0.089 0.705
40 0.59 4.71 0.001 0.005
60 0.6 4.78 0.011 0.065

I=20% 

10P-20I-70C 5.9 0.84 
20 6.61 0.95 0.120 0.131
40 5.97 0.85 0.012 0.012
60 5.59 0.8 0.053 0.048

20P-20I-60C 2.92 0.97 
20 3.3 1.1 0.130 0.134
40 3.02 1 0.034 0.031
60 2.72 0.91 0.068 0.062

30P-20I-50C 1.88 1.13 
20 1.98 1.21 0.053 0.071
40 1.95 1.17 0.037 0.035
60 1.78 1.09 0.053 0.035
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I% P%-I%-C% �� �� �� �� �� ��

I=20% 

40P-20I-40C 1.37 1.37 
20 1.47 1.47 0.073 0.073
40 1.44 1.44 0.051 0.051
60 1.285 1.285 0.062 0.062

50P-20I-30C 1.04 1.72 
20 1.01 1.67 0.029 0.029
40 1.11 1.83 0.067 0.064
60 1 1.67 0.038 0.029

60P-20I-20C 0.8 2.44 
20 0.82 2.5 0.025 0.025
40 0.84 2.5 0.050 0.025
60 0.78 2.34 0.025 0.041

70P-20I-10C 0.61 4.23 
20 0.54 3.8 0.115 0.102
40 0.61 4.22 0 0.002
60 0.63 4.41 0.033 0.043

I=30% 

10P-30I-60C 5.28 0.89 
20 5.96 1 0.129 0.124
40 5.42 0.9 0.027 0.011
60 4.99 0.84 0.055 0.056

20P-30I-50C 2.59 1.04 
20 2.85 1.14 0.100 0.096
40 2.68 1.08 0.035 0.038
60 2.47 0.97 0.046 0.067

30P-30I-40C 1.67 1.24 
20 1.78 1.34 0.066 0.081
40 1.74 1.29 0.042 0.040
60 1.42 1.3 0.150 0.048

40P-30I-30C 1.19 1.57 
20 1.19 1.6 0 0.019
40 1.25 1.69 0.050 0.076
60 1.12 1.52 0.059 0.032

50P-30I-20C 0.88 2.22 
20 0.86 2.14 0.023 0.036
40 0.93 2.36 0.057 0.063
60 0.86 2.14 0.023 0.036

60P-30I-10C 0.65 3.91 
20 0.6 3.61 0.077 0.077
40 0.65 3.91 0 0 
60 0.67 3.99 0.031 0.020

I=40% 

10P-40I-50C 4.73 0.94 
20 5.21 1.04 0.101 0.106
40 4.83 0.97 0.021 0.032
60 4.49 0.89 0.051 0.053

20P-40I-40C 2.3 1.15 
20 2.76 1.38 0.200 0.200
40 2.37 1.19 0.030 0.035
60 2.1 1.05 0.087 0.087
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I% P%-I%-C% �� �� �� �� �� ��

I=40% 

30P-40I-30C 1.415 1.415 
20 1.48 1.48 0.046 0.046
40 1.53 1.53 0.081 0.081
60 1.31 1.31 0.074 0.074

40P-40I-20C 0.98 1.97 
20 1.07 2.13 0.092 0.081
40 1.05 2.09 0.071 0.061
60 0.91 1.83 0.071 0.071

50P-40I-10C 0.7 3.49 
20 0.67 3.33 0.043 0.046
40 0.71 3.57 0.014 0.023
60 0.7 3.51 0 0.006

I=50% 

10P-50I-40C 4.02 1.005 
20 5.04 0.98 0.254 0.025
40 4.32 1.07 0.075 0.065
60 3.69 0.92 0.082 0.085

20P-50I-30C 1.9 1.27 
20 2.16 1.43 0.137 0.126
40 2.05 1.37 0.079 0.079
60 1.73 1.14 0.089 0.102

30P-50I-20C 1.21 1.81 
20 1.31 1.96 0.083 0.083
40 1.3 1.93 0.074 0.066
60 1.12 1.67 0.074 0.077

40P-50I-10C 0.77 3.08 
20 0.75 2.98 0.026 0.032
40 0.76 3 0.013 0.026
60 0.79 3.13 0.026 0.016

I=60% 

10P-60I-30C 3.38 1.13 
20 3.73 1.24 0.104 0.097
40 3.65 1.21 0.080 0.071
60 3.11 1.03 0.080 0.088

20P-60I-20C 1.56 1.56 
20 1.815 1.815 0.163 0.163
40 1.665 1.665 0.067 0.067
60 1.4 1.4 0.103 0.103

30P-60I-10C 0.87 2.64 
20 0.9 2.72 0.034 0.030
40 0.88 2.62 0.011 0.008
60 0.86 2.61 0.011 0.011

I=70% 

10P-70I-20C 2.65 1.32 
20 2.93 1.47 0.106 0.114
40 2.92 1.47 0.102 0.114
60 2.35 1.18 0.113 0.106

20P-70I-10C 1.07 2.14 
20 1.23 2.46 0.150 0.150
40 1.08 2.18 0.009 0.019
60 1.01 2.01 0.056 0.061
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4.5

100 Benekohal

Zhao(1999)

2.3

3.1

�� BTU

4.6

BTU

4.6

BTU

BTU BTU

 4. 6 a 100 b

a

I% P%-I%-C% �� �� �� �� �� ��
I=80% 10P-80I-10C 1.72 1.72 

20 2.19 2.19 0.273 0.273
40 1.805 1.805 0.049 0.049
60 1.505 1.505 0.125 0.125
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b

BTU

2.7 BTU

BTU

( )
�� BTU 

( )
0.91 2P-18C 4.25 26.51 1.27 
5.46 4P-36C 2.97 47.89 9.62 

37.38 6P-54C 3.34 74.04 114.45 

( )
�� BTU 

BTU 
0.91 2P-18C 2.49 22.98 22.97 
5.46 4P-36C 1.48 41.92 41.90 

37.38 6P-54C 1.37 62.22 62.22 
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4.6

4.1

Dingler 2010

30

30

30 BTU

4.1

BTU 4.2

2

=1

min . ( - )
X

mx bx
x

BTU BTU� � 4.1

=1

min . (| - |)
X

mx bx
x

BTU BTU� � 4.2

x = x

X = X 30

bxBTU = x BTU

mxBTU = x BTU
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4.1 4.2

BTU

4.7
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 4. 7

* 10%

4.7

Welch Gussow 1986; Kruger 1999

P%-I%-C% �� �� �� �� �� �� �� ��
10P-10I-80C 6.28 0.78 6.28 0.78 

20 7.37 0.92 7.39 0.92 
40 6.43 0.8 6.44 0.80 
60 6.12 0.76 6.12 0.76 

20P-10I-70C 3.13 0.89 3.13 0.89 
20 3.59 1.01 3.56 1.02 
40 3.23 0.92 3.23 0.92 
60 3.07 0.86 3.04 0.87 

30P-10I-60C 2.04 1.02 2.04 1.02 
20 2.23 1.12 2.23 1.12 
40 2.13 1.07 2.13 1.07 
60 1.97 0.99 1.97 0.99 

40P-10I-50C 1.51 1.21 1.50 1.20 
20 1.61 1.26 1.59 1.27 
40 1.59 1.27 1.58 1.27 
60 1.45 1.18 1.46 1.17 

50P-10I-40C 1.16 1.45 1.16 1.45 
20 1.20 1.46 1.18 1.48 
40 1.21 1.52 1.21 1.51 
60 1.13 1.42 1.13 1.41 

60P-10I-30C 0.93 1.86 0.93 1.86 
20 0.90 1.78 0.89 1.79 
40 0.98 1.97 0.98 1.96 
60 0.91 1.81 0.91 1.82 

70P-10I-20C 0.74 2.61 0.74 2.61 
20 0.68 2.37 0.67 2.35 
40 0.78 2.73 0.78 2.73 
60 0.74 2.57 0.74 2.58 

80P-10I-10C 0.59 4.71 0.59 4.71 
20 0.50 4.01 0.50 3.98 
40 0.59 4.71 0.59 4.73 
60 0.60 4.78 0.60 4.79 
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1 /100 /

1 /100 /

55 55 BTU

4.8 �� �� �� Coal

�� �� �� Coal N C

BTU C

 4. 8

40 BTU

3/5 BTU 54.64

99.3% 3/3 BTU 43.96

1

2 3

4.9

�� �� �� �� �� ��  !"# $
3/1 4 32 4 1.72 1 1.72 40 45.76 55 0.832 

3/2 20 8 12 1.04 1 1.72 40 49.44 55 0.899 

3/3 20 16 4 0.7 1 3.49 40 43.96 55 0.799 

3/4 12 12 16 1.67 1 1.24 40 51.88 55 0.943 

3/5 8 8 24 2.92 1 0.97 40 54.64 55 0.993 
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BTU

 4. 9

2 161.75 miles 5.5 miles 2.75 miles 

3 109.75 miles 16.5 miles 1.375 miles 

4.9

3

1

4.8

�� �� �� �� �� ��  !"# $
1 12 12 16 1.67 1 1.24 40 51.88 55 0.943 

2 32 4 4 0.48 1 3.87 40 35.07 66 0.531 

3 4 16 20 4.41 1 0.88 40 51.23 51 1.005 
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