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ABSTRACT

To assist in the design and level-of-service analysis of highway grade
segments, the Institute of Transportation (I0OT), Ministry of Transportation and
Communications initiated a project to develop a microscopic simulation model.
This model, referred to as Traffic-on-Grade Simulation (TGS) Model, employs
Speed-on-Grade (SOG) sub-model to estimate the instantaneous accelerations
and speeds of a vehicle on a grade segment. Variation of the free-flow speeds of
vehicles is an important consideration in the design of grade segment because it
affects not only traffic safety but also level of service. Many countries have
specified representative vehicles with various weight-to-horsepower ratios for
highway design. For the design of Taiwans highways, it is not clear what
representative vehicles should be used. This study uses the SOG model to
identify representative vehicles that exhibit the average free-flow speed
characteristics observed on Taiwan's National Highway 1. Simulation results
reveal representative trailer-truck, single-unit large truck, large bus, and small
vehicle (excluding motorcycle) have weight-to-horsepower ratio (in kg/kW) of
125, 64, 75, and 50, respectively. Characteristic relationships between free-flow
speed and travel distance of these vehicles on uniform upgrades are presented
for design applications.

Key Words: Freeway, Grade segment;, Highway geometric design; Simulation
model; Representative vehicle
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149K+773 -2.8 83.0 89.8 83.3
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149K+898 | 2.8 85.5 69.0 84.8 71.5
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48K+000 1.1 85.1 85.1
46K+800 2.1 81.9 86.0
46K+400 24 80.2 86.0
45K+500 4.7 86.1 72.9
44K+650 4.2 772 67.5
43K+500 3.0 67.3 71.0
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36K+500 3.0 85.1 85.1
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46K+800 2.1 82.0 89.4
46K+400 2.4 81.0 89.2
45K+500 4.7 84.2 76.0
44K+650 4.2 76.5 72.4
43K+500 3.0 75.0 75.7
39K+000 -5.3 89.9 93.0
38K+000 -3.8 88.8 93.0
37K+000 -2.8 93.4 93.0
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43K+300 22 88.5 88
45K+500 -4.7 79.1 88
48K+100 -1.1 84.3 88
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155K+200 0 105.0 105.0
153K+123 4.8 87.9 89.7
152K+318 4.0 91.4 91.4
151K+496 4.6 90.9 89.9
149K+773 -2.8 93.9 99.0
148K+873 -2.6 93.3 99.0
148K+173 -3.9 97.1 99.0
147K+950 -3.2 99.2 99.0
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15 SOG HmELIEZIEA
B | B | EE | IOEE | WE | M | R | EE | IR | e
S | () | kb | (miss) | (%) | BB | (aw) | (k) | (miss) | (%)
0.1 10.003 119.8 -0.57 4 39.1 11.068 90.7 —-0.03 2
1.1 10.036 117.8 -0.55 4 40.1 11.093 90.6 —-0.03 2
2.1 10.069 115.8 -0.53 4 41.1 11.118 90.4 —-0.03 2
3.1 10.101 114.0 -0.51 4 42.1 11.143 90.3 —-0.03 2
4.1 10.132 112.2 —0.48 4 43.1 11.168 90.2 —-0.03 2
5.1 10.163 110.5 —0.46 4 44.1 11.193 90.2 —-0.03 2
6.1 10.193 108.9 -0.45 4 45.1 11.218 90.1 -0.02 2
7.1 10.224 107.3 -0.43 4 46.1 11.243 90.0 -0.02 2
8.1 10.253 105.8 -0.41 4 47.1 11.268 89.9 -0.02 2
9.1 10.282 104.4 -0.39 4 48.1 11.293 89.8 —-0.02 2
10.1 10.311 103.0 -0.38 4 49.1 11.318 89.7 —-0.02 2
11.1 10.340 101.6 -0.36 4 50.1 11.343 89.7 -0.02 2
12.1 10.368 100.4 -0.35 4 51.1 11.368 89.6 -0.02 2
13.1 10.395 99.2 -0.33 4 52.1 11.393 89.5 —-0.02 2
14.1 10.423 98.0 -0.32 4 53.1 11.418 89.5 —-0.02 2
15.1 10.450 96.9 -0.30 4 54.1 11.443 89.4 -0.02 2
16.1 | 10.476 95.8 -0.29 4 55.1 11.468 89.4 —-0.02 2
17.1 10.503 94.9 —-0.08 2 56.1 11.492 89.3 —-0.01 2
18.1 10.529 94.6 -0.08 2 571 11.517 89.3 —-0.01 2
19.1 10.556 943 -0.08 2 58.1 11.542 89.2 —-0.01 2
20.1 10.582 94.0 —-0.07 2 59.1 11.567 89.2 —-0.01 2
21.1 10.608 93.8 -0.07 2 60.1 11.591 89.1 —-0.01 2
22.1 10.634 93.5 -0.07 2 61.1 11.616 89.1 —-0.01 2
23.1 10.660 93.3 —-0.06 2 62.1 11.641 89.0 —-0.01 2
24.1 10.686 93.1 -0.06 2 63.1 11.666 89.0 —0.01 2
25.1 10.711 92.9 -0.06 2 64.1 11.690 89.0 —0.01 2
26.1 10.737 92.6 —0.06 2 65.1 11.715 88.9 —-0.01 2
27.1 10.763 92.5 -0.05 2 66.1 11.74 88.9 —-0.01 2
28.1 10.789 923 -0.05 2 67.1 11.764 88.8 —-0.01 2
29.1 10.814 92.1 -0.05 2 68.1 11.789 88.8 —-0.01 2
30.1 10.840 91.9 —-0.05 2 69.1 11.814 88.8 —-0.01 2
31.1 10.865 91.7 —-0.04 2 70.1 11.838 88.8 —-0.01 2
32.1 10.891 91.6 —-0.04 2 71.1 11.863 88.7 —-0.01 2
33.1 10.916 91.4 —-0.04 2 72.1 11.888 88.7 —-0.01 2
34.1 10.941 91.3 —-0.04 2 73.1 11.912 88.7 —-0.01 2
35.1 10.967 91.2 —-0.04 2 74.1 11.937 88.6 —-0.01 2
36.1 10.992 91.0 -0.04 2 75.1 11.962 88.6 —0.01 2
37.1 11.017 90.9 —-0.03 2 76.1 11.986 88.6 —-0.01 2
38.1 11.043 90.8 —-0.03 2
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