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Road Traffic Noise Reduction Using TDM-TMS Strategies in Makassar City, Indonesia
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Muralia HUSTIM * and Kazutoshi FUJIMOTO **

The objective of this paper is to propose travel demand management (TDM) and traffic management system (TMS)

strategies in order to mitigate the road traffic noise (RTN) in Makassar City, Indonesia. The TDM-TMS strategies

involve three in one car, two in one motorcycle, prohibition of horn sound, and Bus Rapid Transit. The ASJ
RTN-Model 2008 is used to predict the RTN and GIS is applied to evaluate the effectiveness of various TDM-TMS
scenarios as well as the present condition. The results show the TDM-TMS strategies as a noise measure provide

noise reduction of about 6dB, and it is significant and sufficient effectiveness in reducing the RTN in Makassar. The

authors wish that the results of this study give a suggestion for transportation policy to reduce the RTN reduction in

the future in Makassar City.
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1. Introduction
1.1 Background

Nowadays, the increase of vehicle number in
developing countries including Indonesia leads to the rise of
the road traffic noise (RTN), and the RTN becomes a serious.
problem in liviﬁg environment. Therefore, a guideline to
reduce the RTN is needed. However, in many cities in
developing countries such as Indonesia, any guidelines for
the RTN mitigation have not been established yet, unlike
developed countries. For example, in Japan, an integrated
noise-GIS (Geographic Information System) which provides
general functions for urban traffic noise modeling, noise
prediction, environmental assessment, and noise abatement
design, has been established 2B Regarding the condition,
the authors conduct a research to develop a method to find
an optimal solution for the RTN problem in Makassar City,
Indonesia, based on the reference scheme conducted in
Japan.

In the first research [, the authors have shown that the
level of the RTN at 35 roadside of main roads in Makassar
City are 74dB (Laeq) averagely. It indicates that more than
90% areas exceed the highest value of Indonesian’s noise

standard (70dB) Bl
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In addition, motorcycles dominate the traffic (67%)
fleet in the city, contrary to the heavy vehicle (2%). Under
these situations, the average speed of the vehicles is less
than 40 km/h; a low speed category. Nevertheless, the traffic
flow is still in steady state condition . Due to the above
condition, the drivers generate the horn many times to keep
their safety; the time of horns widely changes from
13times/10minutes to 149times/10minutes. By taking such
conditions into consideration when predicting the RTN by
applying the ASJ RTN-Model 2008 "), we could make the
predicted level of the RTN close to the measured value. The
above results show the noise level by road traffic in
Makassar City must be reduced. Therefore, it is necessary to
evaluate the RTN of existing sound source and to find the
method to reduce in new plans. ‘

Then, the authors tried to construct the RTN-GIS of
Makassar City in order to perform the spatial evaluation of
the RTN along roads in Makassar City by using POEM (&,
The noise maps obtained in the RTN-GIS enable us to
evaluate the number of buildings that exceed the noise level
of the Environmental Quality Standard (EQS) for Noise in
Indonesia *. The result of the evaluation of EQS for 35
roads has presented the achievement rate is only 23.2% in
the current condition.

By making use of this RTN-GIS in Makassar City, the
authors attempted to apply two types of noise reduction
measures; simple noise barrier and drainage pavement, to



reduce the RTN problem in Makassar City . Considering
the real road side condition, the authors tried various
scenarios for each road and got a result that the achievement
rate of EQS in 35 roads after noise reduction measures
implementation is 43.4% (20.2 points up). However, these
methods not only require a high cost but also are restricted
to roads having a sufficient space beside the roads.
Therefore, another noise measures are needed.

The authors think that methods to decrease the number
of wvehicles are useful for the RTN reduction when
considering the present traffic condition in Makassar City,
demand management (TDM) and traffic
management system (TMS) are examined.

1.2 Objective

Regarding the above background, the objective of this
paper is to propose TDM-TMS strategies in order to mitigate
the RTN in Makassar City, Indonesia.

and travel

2. TDM-TMS in Reducing RTN

Some experiences from developed countries show the
effectiveness of the TDM-TMS measures in reducing the
RTN problem. Both categories of the measures may reduce
noise through reductions in traffic volume, changes in
composition and daily distribution of the traffic, speed
reductions, and changes in driving patterns %,

Table 1 shows general TDM-TMS measures in reducing
the RTN. These strategies involve short term (3-5 years),
middle term (5-10 years), and long term (10-15 years).
Considering the availability to collect necessary data of each
measure, this study focuses on four implementation
TDM-TMS strategies such as ‘three in one for car,” ‘two in
one for motorcycle,” ‘prohibition of horn sound,” in short
term and ‘Bus Rapid Transit’ in middle term, which are
marked by ‘#’ in Table 1. The detail of each measure is as

1) Three in one

Three in one (hereafter abbreviated as 3IN1) measure is a
ridesharing or car-pooling policy to reduce the number of
light vehicles especially for private passenger car. This
program means that one private passenger car must take
three people or more including a driver in a car. This
strategy could restrict the people to use private car and
encourage for using public transport.
2) Two in one

As the number of private car is not large in Makassar
City and the noise reduction by 3IN1 is small as well, 3IN1
measures should be combined with other strategy for
effective noise reduction. Therefore, the authors propose, as
the second strategy, two in one (hereafter abbreviated as
2IN1) measure, which is a ridesharing or car-pooling policy
for motorcycles. As the authors’ previous research (! has
shown that motorcycle is dominant traffic in Makassar City,
2IN1 measure might reduce the number of motorcycles and
reduce the noise.
3) Prohibition to generate vehicle horn

The authors’ previous research ™ also shows drivers
generate the horn sound many times to keep their safety in a
heavy traffic in Makassar City. Thus, extraneous noisy
sounds are added to the RTN and the RTN becomes high.
Therefore prohibition to generate vehicle horn is an
important policy for reducing the RTN. As the perfect
achievement of this strategy is very difficult, the
effectiveness for various achieved percentage is examined
while combining 3IN1 and 2IN1 measures to get the better
noise reduction in short term.
4) Bus Rapid Transit (BRT)

For the middle term, the authors propose the exchange of
the public transport mode in the city from the current system,
Para-transit system (micro bus) to bus rapid transit (BRT)

follows: system, which is a TDM measure and might reduce the
Table 1 Integrated TDM-TMS for the RTN Mitigation
Term Plan Reduction Measures ‘
(Year) Travel Demand Management (TDM) Traffic Management System(TMS)
* Ridesharing or carpooling policy: * Central blocks, traffic islands, parking bays, cycle tracks
Short-term # Three in one for private car (3IN1) * The installation of physical separations between the ways
3-5) # Two in one for motorcycle (2IN1) * Traffic signal & Roundabout
* Motorcycle restriction and exclusive lane
# Prohibition to generate vehicle horn
# Change of public transport mode from | * Change of a bidirectional street to one-way
Middle-term Para-transit to Bus Rapid Transit (BRT) * Actuated Traffic Control System (ATCS)
(5 - 10) * Scheduling Activities
* Congestion Pricing
*. Parking Management ,
L * Development of Light Rapid Transit (LRT) | * Road Pricing (Expressway)
cl)gg-t;l;m or Mass Rapid Transit (MRT) system
(10-15) * Land use and zoning




traffic volume. The current Para-transit system has small
passenger capacity, and it does not have a bus stop or shelter
for passengers. On the other hand, the BRT system has a
larger passenger capacity, and it is expected to transit not
only for the captive demand but also for the private car
demand because the BRT system has similar convenience to
the private cars and reliability in travel time aspect.

In examining the effectiveness of the above four
TDM-TMS measures in reducing the RTN in Makassar City,
three steps of examinations are conducted in this paper.
Firstly, the RTN reduction for 3IN1 program, a joint
program of 3IN1 and 2IN1, and the horn prohibition program
are calculated. Then, the RTN reduction for the BRT system
under the selected condition of the first step is predicted.
Lastly, the results of the RTN reduction in the first and
second steps are evaluated from the viewpoint of the
achievement of the EQS in Indonesia.

3. Effectiveness of the TDM-TMS in Reducing the RTN
3.1 3IN1, 2IN1, Prohibition of Horn
In the first step, the effectiveness of 3IN1, 2IN1 and

prohibition of hormn programs is examined. As 3IN1 and
2IN1 programs lead to the reduction of the traffic volume,
the traffic volume after the implementation of them must be.
estimated when predicting the RTN reduction by these
measures. Table 2 shows the RTN survey result of 35 roads
in Makassar City M here d, and d; mean a median of road
and the distance between the end of roadside and
measurement point, respectively. And, ‘noise level’ presents
the predicted Laeqaay by using the ASJ RTN Model-2008 I
‘while assuming traffic volumes, speed, and number of horns
shown in Table 2 in order to examine their own effectiveness
of 3IN1 and 2IN1 programs. For predicting the RTN after
implementing 3IN1 and 2IN1 programs, the numbers of
light vehicle (LV) and motorcycle (MC) are assumed under
the condition of keeping the total number of passengers.
(1) 3INT and 2IN1

At first, the effectiveness of single 3IN1 program is
examined. The number of LV in Table 2 is changed while
keeping the total number of passengers and Laeqqay under
new traffic volume is predicted by using the AS]
RTN-Model 2008 when the rates of achievements of 3IN1 is

Table 2 Result of Road Traffic Noise Survey

Road Characteristics L Traffic Volume Speed Horn

‘i‘]’gd Length | = Width dm dl Asday | (vehicle/10min) (km/hour) (times/10min)

(km) (m) (m (@m | @) |HV LV MC|HV LV MC|HYV LV MC
1 1.287 2 500 000 150 763 2. 199 431 [225 254 275| O 64 85
2 1.425 2 700 000 120 725 4 123 248 |245 247 306 0 27 93
3 0.502 2 700 000 280 | 742 | 10 128 438 |287 261 312| 0 29 88
4 | 0303 2 7.00 000 350 | 723 8 59 222 390 250 259| 0 13 4l
5 1212 2 7.00 000 300 754 4 181 227 {231 222 262{ 0 60 68
6 | 0858 2 7.00 000 300 | 726 3 245 401 {200 250 295| 0 17 40
7 1.500 2 400 000 250 | 761 | 20 93 314 |227 260 292| 1 14 9
8 1.300 2 500 000 110 | 76.1 8 102 375 {218 231 221| 5 21 36
9 | 3727 2 600 000 100 | 733 3 84 245 |258 235 259| 3 35 64
10 | 5806 2 7.00 000 350 ] 749 8 119 413 | 180 234 284 0 24 89
11| 1.565 2 500 000 2201{ 754 | 11 105 336 |241 254 282 0 43 62
12 | 1170 2 7.00 000 350 | 724 2 173 273 | 240 288 306] 0 28 49
13 | 0445 2 700 000 350 741 | 23 8 215 |21.5 233 293| 4 41 29
14 | 1414 2 400 000 220 75.1 2 64 447 |240 238 277 2 18 28
15 | 3.826 4 1400 000 350 | 769 | 36 392 957 |272 261 263| 0 48 90
16 | 0956 4 1200 290 250 | 718 | 17 139 377 |295 279 330| 6 58 73
17 | 069 4 1200 000 360 | 728 | 8 380 512 |190 238 279| 1 67 54
18 | 2.067 4 13.00 000 275 | 739 2 265 404 |240 287 283 | 0 54 44
19 | 0835 4 13.00 000 100 | 725 5 80 224 1257 275 335 1 13 22
20 | 1239 4 1400 000 250 | 727 | 11 310 514|236 272 313 3 78 24
21 | 0.891 4 1400 140 250 | 724 | 13 94 259 {231 286 336| 8 22 31
22 | 0622 4 1400 000 1.75 | 696 1 85 110 |29.0 314 335| 0 8 5
23 | 1339 4 14.00 . 000 321 | 729 1 269 351 | 160 289 304| 0 36 15
24 | 0321 4 14.00 000 400 | 73.5 2 219- 337 |240 244 254| 0 37 52
25 | 1.707 4 1200 025 130 | 746 | 12 196 * 260 {300 333 346| 0 30 24
26 | 0231 4 1400 320 465 720 3 278 349 {225 219 249| 0 35 36
27 | LOT2 4 1400 000 135 727 6 311 442 |200 244 320| 0 44 41
28 | 2641 4 1400 200 150 | 743 | 19 203 530 (280 317 351| 0 48 49
29 | 1.878 4 1400 280 3.00| 732 | 12 224 597 [263 301 358| 0 54 34
30 | 4.506 4 1400 250 600 | 751 | .11 455 979 253 282 366| 1 65 26
31 | 4506 4 14.00. 250 6.00 | 738 | ‘14 469 857 |27.7 312 317 0 55 36
32 | 1670 6 1800 200 100 | 725 | 13 268 493 | 368 351 403 0 57 40
33 | 4373 6 2100 220 6.00 | 749 | 47 729 1339 | 246 256 321| 24 67 3l
34 | 11970 6  21.00 300 350 763 | 28 541 1319 {239 266 33.0| 3 58 33
35 | 11970 6 21000 250 350 | 757 | 27 337 1002 [ 320 359 41.9| 1 29 56




varied from 0% to 100%. The result is shown in Fig.1. It can
be found that the relation between noise reduction and the
achievement rate of 3IN1 is linear and the maximum value,
which occurs when the achievement rate is 100%, is 0.45dB.

Then the effectiveness of a joint program of 3IN1 and
2IN1 is examined. The numbers of LV and MC in Table 2
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Fig.1 Noise Reduction by 3IN1 Measure

Table 3 Noise Reduction by Joint Measure of
3IN1 and 2IN1

Number of Vehicles

: (vehicle/day) Lacqday (dB)

Road -

No LV MC After .

| HV 20% 20% Present Measure Diff
3IN1 2IN1 ]

1 22 1837 3875 74.8 74.3 0.5
2 36 1123 2231 72.0 71.5 0.5
3 95 1106 3940 72.6 72.1 05
4 83 535 1994 69.1 68.7 04
5 41 1642 2040 70.4 69.9 0.5
6 29 2156 3608 72.5 72.0 0.5
7 195 850 2826 72.7 723 04
8 76 927 3372 74.5 74.0 0.5
9 33 765 2209 72.4 719 05

10 75 1074 3716 71.7 71.3 0.4
11 109 964 3028 72.8 723 0.5
12 20 1567 2459 70.5 70.0 0.5
13 233 802 1938 69.6 69.2 04
14 19 555 4022 73.9 73.5 0.4
15 356 3578 8610 742 73.8 04
16 173 1255 3394 70.8 70.4 04
17 80 3400 4605 722 71.8 0.4
18 22 2456 3634 71.3 70.9 0.4
19 52 720 2018 69.6 69.1 0.5
20 106~ 2832 4626 723 71.8 0.5
21 132 851 2330 68.9 68.5 0.4
22 12 733 992 66.3 65.8 0.5
23 14 2493 3155 70.4 70.0 0.4
24 23 1977 3031 69.6 69.2 04
25 118 1747 2343 71.0 70.5 0.5
26 31 2406 3143 69.5 69.0 0.5
27 63 2816 3976 725 72.1 04
28 187 1840 4774 72.6 722 0.4
29 1 1200 2026 5374 72.0 71.6 0.4
30 111 4123 8807 72.9 72.5 0.4
31 136 4247 7715 72.5 72.1 0.4
32 127 2319 4440 72.0 71.5 0.5
33 470 6607 1205 73.7 733 04
34 279 4902 1187 74.2 73.8 0.4
35 272 3051 9015 72.9 72.5 04
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Fig.2 Noise Reduction by 3IN1 and 2IN1 Measure

are changed while keeping the total number of passengers
and Laeqaay under new traffic composition is predicted by
using the ASJ RTN-Model 2008 when the rates of
achievements are varied from 0% to 100%. Table 3 shows an
example of the result for 20% achievement of 3IN1 and 20%
achievement of 2IN1 program jointly; here ‘Diff” means the
difference between Laeqaay after 2IN1 and 3IN1 program and
current Laeqday Shown in Table 2. It is found that the noise
reductions for 35 roads vary from 0.4dB to 0.5dB and the
RMS (root mean square) value is 0.45dB. Fig.2 shows the
contour value of noise reduction in decibel (dB) for all
combinations of this scenario. This indicates the noise
reduction is 2.8dB if this joint program of 3IN1 and 2IN1 is
perfectly achieved. However, this value is still not enough to
solve the RTN problem in Makassar City.
(2) Prohibition of Horn

As mentioned in 1.1, the drivers generate the horn many
times (13 times/10 minutes to 149 times/10 minutes) in
Makassar City, and consequently the horn sounds increase
the RTN. Therefore horn prohibition might be useful for the
reduction of the RTN. On this aspect, the effectiveness of
horn prohibition program is examined. The same procedure
as the authors previous one ™ is used for predicting the
effect of horn on the RTN. Table 4 shows an example of the
predicted Laeqaay When 20% of the number of horn sound are
prohibited. It is found that the noise reduction is significant
at only 5 roads and the RMS of noise reduction at 35 roads
is 0.47dB. This implies the increase of percentage of horn
prohibition is needed for effective reduction of the RTN.

The noise reductions for combination with 3IN1,
2IN1, and prohibition of horn when varying the
achievement rate of each program from 10% to 100%
are calculated. The results are shown in Fig.3. In this
figure, noise reductions vary from 0.6 to 4.6dB.



Table 4 Noise Reduction by

Horn Prohibition

Achievement of 2IN1 (%)
g. 80% Homn Prohibition

Achievement of 2IN1 (%)
h. 90% Horn Prohibition

Number of Hom L (dB) : ) Number of Horn L (dB)
_ Number of Vehicle (times/10min) Acqday Number of Vehicle (times/10min) Acq.day
Road | (vehicle/tOmin) After 20% Road |~ (yehicle/10min) After 20%
No. Prohibition Present Ml::‘tsi:re Diff No. Prohibition Present M“:::xrre Diff
LV HV MC | LV HV MC LV HV MC | LV HV MC .
1 191 0 439 | 51 0 68 ) 76.7 76.7 . 0.0 19 54 3 1821 10 1 18 69.5 69.5 0.0
2 107 6 230 | 22 0 74 74.6 74.6 0.0 20 339 11 497 | 62 2 19 74.1 74.1 0.0
3 139 8 451 23 0 70 .| 740 74.0 0.0 21 101 22 229 | 18 6 25 72.0 70.1 19
4 60 4 223 10 0 33 71.2 71.2 0.0 22 57 1 70 6 0 4 64.5 64.5 0.0
5 199 5 222 | 48 0 54 724 72.3 0.1 23 289 4 330 29 0 12 724 1.2 1.2
6 285 1 434 | 14 0 32 74.0 74.0 0.0 24 176 5 2921 30 0 42 712 71.2 0.0
7 116 24 318 11 1 7 73.6 729 0.7 25 | 190 6 192 24 0 19 7.7 1.7 0.0
8 106 8 354 17 4 29 76.9 76.9 0.0 26 273 3 286 | 28 0 29 70.7 70.7 0.0
9 68 6 209 | 28 2 51 75.3 75.3 0.0 27 305 10 518} 35 0 33 753 73.8 1.5
10 138 4 375 19 0 7t 72.7 72.7 0.0 28 208 13 551 38 0 39 75.0 75.0 0.0
11 108 10 332 34 0 50 74.7 747 0.0 29 243 8 497 | 43 0 27 73.1 731 0.0
12 165 2 262‘ 22 0 39 719 719 0.0 30 471 13 8153 52 1 21 | 73.0 73.0 0.0
13 79 27 196 | 33 3 23 7.3 713 0.0 31 474 21 749 | 44 0 29 72.8 72.8 0.0
14 88 3 421 14 2 22 75.7 75.7 0.0 32 313 31 456 | 46 0 32 734 73.4 0.0
15 |-370 25 1097 38 0 72 75.4 75.4 0.0 33 816 36 1348 54 19 25 744 744 0.0
16 148 20 342 | 46 .5 58 73.2 73.2 0.0 34| 631 25 1190 | 46 2 26 75.0 750 0.0
17 421 5 423 54 1 43 73.4 73.4 0.0 35 303 33 896§ 23 1 45 738 73.8 0.0
18 275 0 3231 43 0 35 73.0 73.0 0.0 -
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Fig. 3 Noise Reductions by Joint Measure of 3IN1, 2IN1, and Horn Prohibition



(3) Combination Program for Target Lcqday

As each noise abatement cannot reduce the noise to the
desired noise level as shown in (1) and (2), combination
program of 3IN1, 2IN1 and horn prohibition is finally
examined in the first step of examination of noise reduction.

Figure 4(a) shows the distribution of the present L aeq day
in 35 roads in Makassar City. Here the authors determine the
goal as Figure 4(b) on basis of a concept that large noise
must be reduced preferentially and the average value should
be also reduced.

FLirthermore, by using simulation, a good combination
is searched among the results in order to achieve the 35
Lcesny shown in Fig4(b). An example of the good
combination is shown in Table 5. This is selected among
scenarios as the authors’ pleasures. Here C-40-70-80 in the
column scenario, for example, means 40% achievement of
3IN1, 70% achievement of 2IN1, and 80% achievement of
horn prohibition, and LAeq,da; shows the predicted Laeqday
after this scenario is achieved. It can be found in Table 5 that
the maximum and average reduction of the RTN are 3.9 and
2.4dB, respectively, and the maximum and the average of
LAeq,da; are 73.1 and 71.7dB, respectively.

The result in the first step can be summarized that
ridesharing/car-pooling and prohibition of horn could reduce
the RTN in Makassar City. However the result is not
satisfactory and Makassar City still need more noise

reduction.
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Table 5 Laeqaay and Noise Reduction Selected among
Combinations of 3IN1, 2IN1 and Horn Prohibition

LA:: .day Noise LA .day (dB)
Road | gy | MessWe  pequction | Afer
) Present (dB) Measure
1 76.3 C-40-70-80 33 73]
2 725 C-10-30-50 1.4 71.1
3 74.2 C-30-60-50 22 72.0
4 72.3 C-20-70-40 22 70.1
3 754 C-40-70-40 2.4 73.0
6 72.6 C-20-40-40 1.6 71.0
7 76.1 C-40-70-70 3.0 73.1
8 76.1 C-40-70-70 3.0 73.1
9 733 C-20-50-60 23 71.0
10 74.9 C-40-70-60 2.8 72.1
11 75.4 C20-70-50 233 73.1
12 724 C-50-70-30 2.4 70.0
13 74.1 C-30-60-30 2.1 72.1
14 75.1 C-30-80-60 3.0 72.1
15 76.9 C-60-80-90 39 73.0
16 71.8 C-20-50-30 1.8 70.0
17 72.8 C-40-40-50 1.8 71.0
18 739 C-30-50-40 1.9 72.1
19 72.5 C-10-30-50 1.4 711
20 72.7 C-30-40-40 1.6 71.1
21 724 C-20-70-50 23 70.1
22 69.6 C-00-00-00 0.0 70,1 -
23 72.9 C-30-50-40 1.9 7L
24 734 C-20-30-50 1.5 72.0
25 74.6 C-30-60-60 2.5 72.1
26 72.0 C-30-50-50 2.0 70.1
27 727 C-30-40-40 1.6 71.1
28 74.3 C-40-60-50 22 2.
29 132 C-30-60-50 22 71.1
30 75.1 C-50-70-70 3.1 72.0
31 73.8 C-40-40-50 1.8 72.1
32 72.5 C-10-50-20 LS 71.1
33 74.9 C-50-70-60 29 72.1
34 76.3 C-40-70-80 33 73.1
35 75.7 C-30-80-50 2.7 73.1

3.2 Bus Rapid Transit (BRT)

In the second step, the effectiveness of middle term
plan (change of public transport mode from Para-transit to
BRT) is examined.

Figure 5 shows a micro bus, called as Para-transit,
which is now used as a public transport in Makassar City.
This micro bus is categorized as a light vehicle and the
passenger capacity is only 11. This system is now operating

~at 14 tracks in Makassar City, and the load factor (LF, ratio

of the number of loaded passengers to the bus capacity)

- Fg.S Micro Bus in Makassar ity



varies from 0.21 to 0.47 through whole tracks 1 This
Para-transit system has neither bus stop nor scheduled time
and it causes traffic congestion in Makassar City. In order to
solve the transportation congestion problem in the city, the
local government of Makassar City has presented a plan to
introduce BRT, whose capacity is 75 passengers including
25 standing passengers, in the place of Para-transit as a
public transport in Makassar City !'2. Figure 6 shows 6
planning corridors overlapping with 35 target roads. As
shown in this figure, the BRT system covers all arterial roads
and some secondary roads in Makassar City. Among 35
target roads in this study, the BRT system is introduced at 21
roads as the BRT corridors and 14 roads as feeder lines (the
roads that are not include BRT corridors). As according to
the preliminary design, two middle lanes in a road (2-way)
are used for BRT. And the planning headway is different
among the six BRT corridors depending on the demand of
each corridor. Actually, the headways vary from 1.7 to 5.0
minutes among the corridors; the number of BRTs in each
corridor varies from 2 to 6 buses per 10 minutes. Table 6
shows the number of BRT for each corridor. Thus, the
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Corridor 1 (BRT1) = 35, 34, 31, 30, 33
Corridor 2 (BRT2) = 23, 18, 10, 19
Corridor 3 (BRT3) = 15, 1, 2, 29, 28,27, 17, 21
Corridor 4 (BRT4) = 13
Corridor 5 (BRTS) = 14, 20
Corridor 6 (BRT6) = 7
Fig. 6 Preliminary Design of the BRT Corridors

Table 6 Number of BRT and Headway

: Number of Headway

Corridor (vehicle/day) (minutes)
BRT-1 120 1.7
BRT-2 80 2:5
BRT-3 ‘ 80 25
BRT-4 40 5.0
BRT-5 60 53
BRT-6 40 5.0

implementation of BRT might reduce the numbers of LV and
MC by converting the passengers from small bus
(Para-transit) to large bus (BRT), nevertheless it also might
increase the number of HV (the percentage of HV in
Makassar City is only 2% in the present time ).

To calculate the RTN after the implementation of BRT,
the vehicle composition of 35 roads is estimated. For the
BRT road, at first, the numbers of BRT and Para-transit are
estimated assuming the LF of BRT is 75%. Here MC of |
rider takes precedence over MC of 2 riders when deciding
the number of MC, and LV of 1 passenger takes precedence
over LV of 2 or 3 passengers when deciding the number of
LV. Then, the number of BRT to be needed at each BRT road
can be estimated considering the headway of the BRT at the
road. For the roads categorized as feeder line, the reduced
numbers of MC and LV are estimated considering the
average reduction of MC and LV caused by BRT. The
number of HV is not changed at feeder roads.

On the basis of the above BRT design, the effectiveness
of noise reduction of BRT is examined. Considering that the
short-term plans examined in 3.1 are basic measure against
the RTN, the effectiveness of BRT system is evaluated under
the best condition of the first step shown in Table 5. The
effectiveness is examined when the rates of reduction of MC
and LV are varied from 0% to 100% and the good scenario
when the largest noise reduction is obtained is searched.

After expecting the new traffic composition for all
target roads, Lacqdsy at each road under new traffic
composition. is calculated by using the ASJ] RTN-Model
2008 in the same way as previous step. Table 7 shows an
example of expected La.qqay at each target road after 20% of
vehicles are reduced in both MC and LV when assuming the
LF of BRT is 75%. In this table, “Diff” means the difference
between Laeq 4y before and after BRT implementation. The
“Diff” value varies from 0.0 to 5.4dB. The maximum
(5.4dB) takes place at Road No.5 and the minimum (0.0dB)
does at Road No.20, which presents noise reduction depends
on how much LV and MC are reduced by the
implefnentation of BRT. And the effectiveness of BRT is
2.7dB on average.

Figuré 7 shows the noise reduction for all combinations
of reduced percentages of MC and LV. Noise reductions vary
from 2.0 to 6.0dB. Table 8 presents a selected combination
scenario among them, Here, C-60-20 in the column scenario,
for example, means 60% reduction of MC and 20%
reduction of LV. It is found that the average and maximum
of noise reduction are 4.7dB and 6.2dB, respectively. This
implies BRT implementation could reduce the RTN in
Makassar City to the desired noise level.



Table 7 Lacq gay After Implementation of BRT

Japan, the standard value is defined for each area type and

time category, and achievement shall in

Number of Vehicle (vehicle/day) Lacgn (dB) principle be evaluated by obtaining
Road BRT Present After M € After b d £ the h h'b h
i i numbers and rates of the houses at whictk
No. | Comidor | vy Mc | v :1\1,; Mc | P Meagure  DiFf . s i
1 BRT3 |1681 22 2799 720 102 2665 | 73.1 71.9 1.1 noise levels exceed the environmental
2 BRT3 |[1174 36 2107 | 505 116 1900 | 711 69.3 17 quality standards stipulated for the
3 Feeder |1021 95 3064 | 854 95 2918 [ 720 70.3 17 . C .
4 | Feeder | 535 83 1441| 447 &3 11| 701 66.7 33 respective areas, which is commonly called
5 Feeder | 1473 41 1473 | 1233 41 1403 | 730 677 5.4 ‘spatial evaluation® 3] In order to evaluate
6 | Feeder [2156 29 3207 | 1805 29 3054 | 71.0 706 0.5 . )
7 BRT6 | 767 195 2041 ] 373 235 1953 | 731 70.3 2.8 the effectiveness of TDM-TMS measures in
8 | Feeder | 839 76 2435 702 76 2319 | 731 719 1.1 . . . .
9 | Feeder | 764 33 1841| 639 33 1753 | -71.0 704 07 reducing the RTN in Makassar City, the
10 BRT2 | 963 * 75 2684 | 382 155 2455 | 721 68.5 3.6 concept of spatial evaluation is applied with
11 Feeder | 964 109 2186 | 807 109 2082 | 73. 703 27 ) ) L.
12 | Feeder |1324 20 1776 | 1108 20 1691 | 700 617 23 the proviso that the standard in Indonesia is
13 BRT4 | 766 233 1507] 362 273 1421 | 721 674 47 used
14 BRTS | .512 19 2682| 287 79 2457 | 721 70.4 1.7 ) )
15 | BRT3 |2896 356 5740 1506 436 5713 | 730 719 11 The noise map is drawn up on the
16- | Feeder [1254 173 2829 1049 173 2694 | 70.0 68.9 1.1 basis of dL in Table 8 b
17 | BRT3 [2999 80 4093 | 2068 160 3951 | 710 705 05 asis of expected Laeqay In lable Y
18 BRT2 |[2358 22 3029| 1115 102 2965 | 72.1 69.4 26 using RTN-GIS in Makassar City which
19 BRT2 | 758 52 1905 | 258 132 1641 | 711 66.4 46 v i )
20 BRTS |2698 106 4112 | 1601 166 4106 | 71.1 71.0 0.0 has been constructed in the previous
21 BRT3 | 851 132 1683 | 327 212 1439 | 701 649 52 (8] . .
2 | Feeder | 846 12 1102| 708 12 1049 | 701 652 49 study™™. The noise level in front of each
23 BRT2 |2393 14 2630 1137 94 2570 | 711 68.4 2.6 house is compared with noise standard and
24 Feeder | 1976 23 2863 | 1654 23 2726 | 720 68.0 41 o .
25 Feeder | 1642 118 1822 1374 118 1735 | 721 68.6 34 the number of houses satisfying the noise
26 | Feeder 2221 31 2619 | 1859 31 2494 | 701 672 29 : ; v
27 BRT3 |2670 63 3535| 1632 143 3420 | 711 70.8 02 standard is counted. Flgure 8 .shows the
28 BRT3 |[1650 187 3713 | 863 267" 3535 | 721 70.3 1.8 achievement rate of the Environmental
29 BRT3 |1922 120 4179 | 1089 200 4013 | 711 69.8 13 . .
30 | BRTI |[3481 111 6361| 1956 231 6181 | 720 705 15 Quality Standards. The achievement rate of
3] BRT1 [3807 136 6857 | 2249 - 256 6685 | 72.1 709 1.1 the EQS in the current time is only 23.2%,
32 Feeder |2497 127 3700 | 2090 127 3524 | 711 70.0 1.0 .
33 BRT1 5585 470 8706 | 3396 590 8691 | 72.1 K] 03 ‘nevertheless expected achievement rate
34 BRT1 |4396 279 8576 | 2737 399 8529 | 73.1 722 08 s . s
35 BRT1 |2893 272 6010 | 1691 392 5811 | 73.1 704 27 under the best condition might be improved
to be 51.4%. This indicates that the
implementation of the TDM-TMS measures in reducing the
RTN in Makassar City provides 28.1% points up in the
achievement rate of the EQS.
—_ Table 8 Selected Noise Reductions
xX Noi Noi
gl 01S¢ . 01S¢
3 l?f;:d Scenario | Reduction i’l‘);d Scenario | Reduction
5 : (dB) : (dB)
)] -
% 1 C-60-20 48 19 C-40-20 34
< 2 | c-40-20 34 20 | C-70-30 49
5 3 | C€-5020 39 21 | C4020 | 34
o 4 C-40-20 34 22 | C-20-10 2.5
5 C-70-40 5.0 23 C-60-20 44
6 | C-80-40 54 24 | -C-30-20 3.0
7 C-60-20 44 25 C-100-70 6.2
8 C-60-20 44 26 C-40-20 34
0 10 20 30 4Io slo elo 7lo alo s;o 100 9 | €-3030 4.0 27| C-70-40 30
o ’ 10 C-40-20 34 28 C-80-60- 5.6
Percentage of MC (%)
Fig. 7 Noise Reduction by the BRT System 1 €-90-70 38 29| C-80-50 33
’ 12 C-80-60 5.6 30 C-90-50 5.7
13 C-90-40 5.6 31 C-90-50 5.7
3.3 Evaluation of Achievement Rate of the TDM-TMS 14| C-70-40 >0 32 ] C-30-30 _5‘3
3 K 15 C-90-50 5.7 33 | C-100-100 6.2
‘Measures m Reduclng the RTN 16 C-70-40 5.0 34 C-90-60 58
In the Environmental Quality Standards for Noise in 17 | C-70-40 50 35 | C-90-60 58
) ) g 18 C-30-10 2.8
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4. Conclusion

Travel demand management (TDM) and traffic
management system (TMS) strategies are elaborated to
mitigate the road traffic noise in Makassar City, Indonesia.
At first, the effectiveness of three in one and two in one
which are based on a ridesharing or car-pooling policy to
reduce the number of light vehicles and motorcycle
especially for private passenger car and prohibition to
generate vehicle horn are examined as short-term measure.
The expected noise reduction when these three measured are
jointly carried is 2.4dB on average at whole 35 roads,
however this is not satisfactory. Then, the introduction of
BRT to 21 roads among 35 target roads in Makassar City is
examined as middle-term measure. BRT system provides
noise reduction of 4.7dB on average, and the implementation
of the total TDM-TMS measures in reducing the RTN in
Makassar City provides 28.1% points uﬁ in the achievement
rate of the EQS.

The authors wish the results of this study are useful for a
grand scenario to mitigate the road traffic noise in Makassar
City in the future, and the sustainable environmental
development can be achieved.

References

[1] Kazutoshi Fujimoto and Ken Anai, “Geographic
information system for evaluation of road traffic noise
along the road,” FORUM ACUSTICUM SEVILLA
2002, N01-04-008, 2002.

[2] Kazutoshi Fujimoto, Hiroyuki Imaizumi, Ken Anai,
Yasuhiro Hiraguri, Masanobu Hamatani and Yuko
Oshima, “New GIS software for predicting and
evaluating road traffic noise based on ASJ RTN-Model
2008,” inter-noise 2010, Paper No0.298, 2010.

{31 Masanobu Hamatani, Yuko Oshima, Ken Shiohara,
Kazutoshi Fujimoto, Hiroyuki Imaizumi, Ken Anai and
Yasuhiro Hiraguri, “POEM: Application to prediction
and mapping of road traffic noise and the practice,”
inter-noise 2011, Paper N0.432610, 2011.

[4] Muralia Hustim and Kazutoshi Fujimoto, “Road Traffic
Noise under Heterogeneous Traffic Condition in
Makassar City, Indonesia,” Journal of Habitat
Engineering and Design, 4(1), 109-118, 2012.

[S] Ministry of the  Environment, Indonesia,
“Environmental Quality Standard for Noise Level,”
Law No.48, 1996.

[6] Muralia Hustim and Kazutoshi Fujimoto, “Power Level
of Motorcycle in Makassar City, Indonesia,” Journal of
Architecture and Urban Design, Kyushu University,
No.22, pp.91-96, July 2012.

[7] Research Committee of Road Traffic Noise in the
Acoustical Society of Japan, “Road traffic noise
prediction model ASJ RTN-Model 2008,” Acoust. Sci.
& Tech. 31(1), 2-55 (2010).

[8] Muralia Hustim, Yasuhiro Hiraguri and Kazutoshi
Fujimoto, “GIS to Evaluate Road Traffic Noise in
Makassar City in Indonesia,” Proceeding of
International Society of Habitat Engineering and
Design (ISHED) Conference, Shanghai, October 13-14,
2012,

[9] Muralia Hustim, Yasuhiro Hiraguri and Kazutoshi
Fujimoto, “A Tentative Plan of Road Traffic Noise
Measure in Makassar City, Indonesia,” Summary of
Technical Papers of Annual Meeting 2012, AlJ, 2012,

[10] Annecke, R., Berge, T., Crawshaw, S., Ellebjerg, L.,
Mardh, S., Pullwitt, E., Steven, H., Wiberg, A.,
Zimmermann, “Noise Reduction in Urban Areas from
Traffic and Driver Management,”, a toolkit for city
authorities, Final Report of the EU Project Silence, U.
2005.

[11] Ali, N., and Ramli, M. I, “Optimize demand of para
transit with. break event point method in Makassar
city,” Proceeding of Annual National Symposium 10th
of Transportation Studies Forum inter-University in
Indonesia, Jakarta, DKI Jakarta, 2007.

{12] Ministry of Transportation Makassar, “Preliminary
Design of Busway in Makassar City,” Final Report of
the Transportation Project. 2006.

[13] Ministry of the Environment in Japan, Environmental
quality standards for noise, Environment Agency
Notification No.64, September 30, Japan, 1998.

(ZH  PH24F11H29H)





