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Abstract

This study was carried out to investigate the relationship between the traffic signal
systems and the air pollutants emitted by the motor vehicles at Kangnam Intersection.

One of the most important measures of effectiveness (MOE) in traffic studies is the
delay to vehicles in the system. Delay represents indirect costs to the motorist in terms of
time loss and a direct cost in terms of fuel consumption during idling.

The results of TRANSYT-7F modeling was correlated among delay, fuel consumption
and total travel time. Air pollutants emission rate can be calculated by the results of mod-
eling and the Korean type emission factor. As expected the highest emissions, for air pol-
lutants, are observed during the morning rush hours (07 : 00-10 : 00). For better results
of modeling, the TRANSYT-7F model needs to modify for the Korean type of traffic
model.

The results of this study indicate that the variation of air pollutants emission rates were
closely related to the traffic signal system.
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Fig. 1. Traffic flows for Links, at Kangnam Inter-
section.

Table 1. Traffic Data, at Kangnam Intersection.

Phase 1 | Phase 2| Phase 3| Phase 4
105 «— [102L5 103i 1084
—> 101 (—‘] 106 TlO7 J104

Cycle Link(veh/chcle)

Length|
(sec)| 1011021103104 (105 | 106|107 | 108

21 R
(Phase)

Control
Time

07:00—
10:00

10:00-
18:00

110 | 84 |16 |49 (26 | 75| 17 | 51 | 17

140 | 68 | 16 |45 | 26 | 72 | 15 | 48 | 18
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Table 2. Emission Factors by Kinds of Vehicle.

Unit : (g/km)
Kind of Vehicle Co HC NO, [Particulate
Passenger Car 11.89 1.33 0.80 0.01
LPG Taxi 676 | 0.81 | 0.01 0.00

Small 154 | 0.15 1.40 0.37
BUS |Medium 243 | 1.09 1.92 0.76
Heavy 17.21 | 2.30 | 15.54 2.39

Small 1.96 0.19 1.48 0.42
Track |Medium 2.43 1.09 1.92 0.76
Heavy 18.59 | 2.42 15.29 2.52

Motor Cycle 13.00 4.10 0.11 0.01
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Table 3. Performance with Optimal Setting (07 :
00~10 : 00).
Link | Fow | Sat | Total Delay(veh-h/h) | Fue Con

ay | Flow | Travel - sumption
No. | tvet/h) (veh/h) |(veh-km/n)|Uniform(Random| Total (6/h)

101 | 550 | 2200 |214.50| 4.49| 1.96| 6.45| 48.40
102 | 262 | 2200 |102.18| 2.58| 1.84 | 4.43| 26.81
103 | 535 | 2200 |171.20( 4.62| 2.99| 7.61| 46.38
104 | 425 | 2200 |136.00| 4.21 | 3.16 | 7.37 | 40.55
105 | 614 | 2200 |178.06| 5.36 | 4.65|10.01 | 54.51
106 | 278 | 2200 | 80.62| 2.99| 2.59( 5.57 | 27.56
107 [ 556 { 2200 |158.46{ 5.17| 4.01| 9.18| 49.32
108 | 278 | 2200 | 79.23| 2.48| 0.32} 2.80| 19.65

Total 1120.25 31.89 | 21.53 | 53.421313.18

Table 4. Performance with Optimal Setting(10 : 00

~18 : 00).
Link | Flow Fsla‘ TTotall Delay(veh-h/h) | Fuel Con
No. {(veh/h}| "% rave sumption

(vehy/h) |(veh-kmyh|Uniform|Random| Total | ()

101 | 350 | 2200 {136.50| 1.87| 0.28 | 2.15] 25.18
102 | 206 | 2200 | 80.34| 0.00] 0.00 | 0.00 | 10.61
103 | 384 | 2200 |122.88{ 1.74| 0.22 | 1.96 | 23.37
104 | 334 | 2200 |106.88| 2.12| 0.79 | 2.91] 23.79
105 | 463 | 2200 |134.27| 2.65| 1.03 | 3.68 | 30.28
106 | 193 | 2200 | 55.97{ 0.00 | 0.00 | 0.00| 7.97
107 ¢ 411 | 2200 {117.14| 1.90( 0.27 | 2.17 [ 23.49
108 | 231 | 2200 | 65.84| 1.39| 0.18 | 1.58 | 14.23

Total 819.81111.67 | 2.78 | 14.45|158.91
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Table 5. Exhaust Emissions, Delay and Fuel Con- Table 6. Exhaust Emissions, Delay and Fuel Con-
sumption for different Cycle Lengths(07 : sumption for different Cycle Lengths(10 :
00~10 : 00). 00~18 : 00).

Cycle | Average Fuel _ co HC NO. Cycle | Average Fuel ' co HC NO.

Length { Delay | Consumption (g/veh) | (g/veh)| (g/veh) Length { Delay | Consumption (g/veh) | (g/veh)| (g/veh)

(sec) |(sec/veh)| (gal/hr) (sec) |(sec/veh){ (gal/hr)
60 65.88 341.8 8.69 | 0.732 | 0.192 60 29.85 179.3 3.94 | 0.332 | 0.087
65 61.97 331.5 8.18 | 0.689 | 0.181 65 29.32 178.3 3.87 | 0.325 | 0.086
70 59.36 324.6 7.83 | 0.660 | 0.173 70 31.09 182.0 4.10 | 0.345 | 0.091
75 57.23 319.0 7.55 | 0.636 | 0,167 75 31.68 183.1 4.18 | 0,352 | 0.092
80 55.66 314.8 7.34 | 0.618 | 0.162 80 32.57 184.8 4.30 | 0.362 | 0.095
85 56.08 316.0 7.40 | 0.623 | 0.164 85 33.32 186.3 440 | 0.370 | 0.097
90 54.84 312.8 7.24 | 0.609 { 0.160 90 35.69 191.2 4.71 { 0.397 | 0.104
95 55.64 315.0 7.34 | 0.618 | 0.162 95 37.07 193.8 4.89 | 0.412 | 0.108
100 55.40 314.3 7.31 | 0.616 | 0.161 100 37.54 194.7 4.95 | 0.417 { 0.109
105 55.47 314.4 7.32 | 0.616 | 0.161 105 39.04 197.7 5.15 | 0.434 | 0.114
110 56.01 315.9 7.39 | 0.622 | 0.163 110 41.31 202.3 5.45 | 0.459 | 0.120
115 56.62 317.6 7.47 | 0.629 | 0.165 115 42.04 203.6 5.55 | 0.467 | 0.123
120 58.63 323.2 7.74 | 0.651 | 0.171 120 43.27 206.1 5.71 | 0.481 | 0.126
125 58.70 323.2 7.75 | 0.652 | 0.171 125 44.40 208.3 5.86 | 0.493 | 0.130
130 60.02 326.7 7.92 | 0.667 | 0.175 130 46.51 212.6 6.14 | 0.570 | 0.136
135 61.19 330.0 8.07 | 0.630 | 0.178 135 47.99 215.5 6.33 { 0.533 | 0.140
140 63.60 336.6 8.39 | 0.707 | 0.186 140 49.29 218.0 6.50 | 0.548 | 0.144
145 63.76 336.9 8.41 | 0.708 | 0.186 145 50.71 220.8 6.69 | 0.563 | 0.148
150 65.09 340.4 8.59 | 0.723 | 0.190 150 52.66 224.7 6.95 | 0.585 | 0.154
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Fig. 2. Exhaust Emissions, Delay and Fuel Consumption for different Cycle Lengths(07 : 00~10 : 00).
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Fig. 3. Exhaust Emissions, Delay and Fuel Consumption for different Cycle Lengths(10 : 00~18 : 00).

Table 7. Daytime variation of CO and NO, at Sec-
tion and Intersection.

Table 8. Exhaust Emissions and Fuel Economy in
Optimal Setting (07:00~10:00).

Time window
Pollutant | 07:00~09:00 09:00~12:00 12:00~14:00
Average concen-
tration(ppm)
Section
CO 15.8 10.1 12.4
NOx 0.85 0.63 0.41
Intersection
CO 19.0 9.9 12.4
NO. 0.89 0.62 0.39

A} (intersection) % A A} 7} 28H(Section) o]
Ao e EA FEshE & 73 o] viehdch

FE 7o) 9apd EA17 (07:00~09:00) 71 H
AFA ZFEH (09:00~14:00)0) w|sle] e EAe] F
E7) gsten, 2AMA 7R 250 &%
2aR A egEAY Frrt o oot

E AT e 208 Hd g map2e
At Transyt-7F 2d-& 243 oAy AAs o
A4 m&g el 4(3), (4), (5)8 B 29
B EAFE ol8ste 7 YAz A HAAE
27 E 8, YA E R 99 o]
e}

A Az A 7dcfE 2953wl &2 Menach-
em Luria (1990)9] 77 ze} FAshAl, wgeol
E38 £24 70 (07:00~10:00) 7} 3 A2} 2bel

Link CO HC NO, Part. S0, FE
NO. |(g/hr)|(g/hr)|(g/hr) {mg/hr)}(g/hr)| (km/{)

101 2,550 285 172) 2,145 22| 443
102 1,215 136 82! 1,022 12| 3.81
103 2,036 228 137] 1,712 21 3.69
104 1,617 181 109| 1,360 18] 3.35
105 2,117 237 142 1,781 25| 3.27
106 959 107 64 806 121 2.92
107 1,884 211 127 1,585 221 3.21
108 942 105 63 792 91 4.03

Total [ 13,3201 1,490 896| 11,202 141 3.58

Table 9. Exhaust Emissions and Fuel Economy in
Optimal Setting (10:00~18:00).

Link CO HC NO. Part. SO, FE
NO. |(g/hr)|(g/hr)|(g/hr) [(mg/hr)| (g/hr) |(km/¢ )

101 1,623 182 109| 1,365 11 5.42
102 955 107 64 803 51 7.57
103 1,461 163 98| 1,229 11 5.26
104 1,271 142 86 1,069 11 1.49
105 1,596 179 1071 1,343 14| 4.43

106 665 74 45 560 4] 7.02
107 1,393 156 94| 1,171 11 4.99
108 783 88 53 658 6| 4.63

Total | 9,747 912 6531 8,198 61 5.16
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Fig. 4. Varation of Exhaust Emissions, each Link
(07:00~10:00).
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Fig. 6. Traffic flow and Exhaust Emissions.
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