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Figure 9.4-3 Trunk Bus Passengers on Board by Route {Inbound) in 2000
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Figure 9.4-4 Trunk Bus Passengers on Board by Route (Outbound) in 2000
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Figure 9.4-5 Examination Flowchart for Operation System in 2005
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Figure 9.4-6 Peak HoufBus Passenger Flows in 2005 on Thirty-two (32) Trunk Bus Routes
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Figure 9.4-7.Truhk Bus PaSsengérs 6n Board'by Typi_ca! Route (U] in 2005
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'Figufe 9.4-8 Trunk Bus Passengers on Board by Typical Route (2) in 2005
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Figure 9.4-9 Trunk' Bus Passengers on Board b'y Typic'ét'Ro.ute '(3) in 2005
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Figure 9.440 Trunk Bus Passengers on Board by Typical Route (4) in 2005
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Figure 9.4-11 Trunk Bus Passengers on Board by Typical Roirte (5)in 2005
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- Figure 9.4-12 Trunk Bus Passengers on Board by Typical Route (6} in 2005
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Figure 9.4-13 Trunk Bus Paséengers on Board by Typicél Route (7)'in 2005
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Figure 9.4-14 Trunk Bus Passengers on Board by Typical Route (8) in 2005
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Figure 9.4-15 Trunk Bus Passengers on Board by Typical Route (8) in 2005

266



The Prolect of Highway and Bus-Lane of Santa Fe de Bogota

L + o/ Ter

SN VESUUTE) WP SOOI

- Figure 9.4-16 Trunk Bus Passengers on Board by Typical Route (10) in 2005
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| Figure 9.4-17 Trunk Bus Passengers on Board by Typical Route (11} in 2005
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9.5, PROPOSED BUS OPERATION SYSTEM

9.5.1. TARGET HOUR

A target period in the bus operation system is in the morning period between 7:00 and 8:00
a.m. The bus operation system with its components such as scheduled frequency, headway
and allocated bus fleets in the moming peak hour is proposed through express and trunk
bus service because passenger demand is very heavy and concentrates in the morning peak
hour. :

9.5.2. EXPRESS AND TRUNK BUSES

Two types of bus service will be provided under the trunk bus system: trunk and express
bus services. The purpose of express bus service is to provide a rapid and mass transit
_service associated with alternative mode of railway transit. Therefore, the express buses
run on the fully segregated busways on the elevated roads and /or roads with grade
separated - intersections. Thé bus passengers commuting to the city center will use the
express buses in the peak hour. In order to provide a high quality service (commercial
speed and comfort), buses stop at limited-stop (bus stop spacing of 1.0 — 1.5km) locations.

A large volume of trunk buses are provided, on the basis of 2 somewhat slow bus operation
with a bus stop spacing of 600 to 800 m on the average, compared to the express bus.

- As for bus routes designated for the express bus service, the share of express bus service
frequency to the total frequency is expected to be 50% according to the opinion survey of
bus users. Figure 9.5-1 shows the diversion ratio of express bus from ordinary buses
according to time difference between express and other buses with parameter of difference
between fare rates. As can be seen, approximately 50% of interviewees chose the express
buses, though effect of time difference is not clear. ' '

Table 9.5-1 summarizes the functions and structure of express and trunk bus services.
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Figure 9.5-1 Diversion Ratio of Express Bus by Obinion Survey
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Table 9.5-1 Function and Structure of Express and Trunk Buses

Items : Express Bus Trunk Bus
Function |Rapid, and great volume |Great volume
Commercial Speed (km/h) 30 20|
Bus Capacity (person) 200 100

Cross Section  {Fully segregated busway |Bus exclusive

or elevated structure lane

Busway busway

Intersection Grade separated structure |At grade

L |structure

Bus Stop 10.- 1.5km 600 -800 m

Spacing :
Share of Passenger Demand 50% 50%
ont Same Route :

9.5.3. Bus INTERIOR AND CAPACITY

(1} Bus interior and capaclty

An 1mp0rtant consideration is the number and arrangernent of seats, which is based on the
trade-off between passenger circulation and seating capacity. For bus routes which seldom
have standees, the maximum number of seats should be provided. With standard widths
between 2.44 and 2.59m and seat widths of 43 to 49 cm, only about 50 cm remains for
aisle width. This is a width that is not sufficient for easy circulation when there are
. standees, especially while the bus is moving.

In the Buses and Busetas operated in Bogota, two double seats are used for operation. In
the peak hour, approximately 60 passengers are carried with, including to 10 and 15
standees, on Av, Caracas. In this situation, the width for those standees is not sufficient for
easy circulation,

Since the passenger demand on the trunk bus routes is heavy in the peak hour according to
the demand analysis, two double seats should not be used for trunk bus routes that carry
standees. A two plus one seating between the two doors is a better layout for such service.
For very high passenger volumes single seats (1+1) in the entire buses are ‘preferable, since
they offer the highcst total capacity.

While the seating capacity is precisely known standing capacxty is a function of the
assumed areas per standee. Generally, an area of 0.10 to 0.15 m /spacc per standee is used
~ for structural design of the buses, A realistic value for crush loading is about 0.10 m’/space.
For acceptable comfort levels the area per standee of 0.25 to 0.35 m%space (3-4
passengers/ m°) should be used.

In general, bus capacity is defined as follows:
1) “Seated capacity”: the number of seats available to passengers on a bus

2) “Normal capacity”: the passenger capacity of a bus at the comfort standards
considered “normal” in each city; this typically means the seated capacity plus
standees at a density of 6-9 passengers/m’, depending upon the city.

3) “Crush capacity”: the total number of passéngers which can physically be
accommodated in a bus; this varies slightly from city to city, depending upon
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pas';enger characterlstms social conventions and so on; cmsh capacity typically

includes standees at 10+ passengers/m”.

Table 9.5-2 shows bus capacity in Curitiba, Brazil and Nagoya, Japan where trunk bus
systems are introduced. In Curitiba, a single-body bus with a bus capacity of 110
passengers is used for trunk bus, and articulated buses with a capacity of 160 for two
bodies and 270 for three bodies are used for express buses. In the Nagoya Key Route Bus
System, a single-body bus is operated on the trunk busway. The total capacity is 73
passengers with 27 seats. In Curitiba, the values of 8-10 passengers/ m® are used for the

standing capacity, while 6-7 passengers/ m”are used in Nagoya. Those figures are close to
the “Normal capacity”. _

Transversal seating is more comfortable than longltudmal because people are more
sensitive to Jateral than to forward /backward forces, Since transversal seats also give more
privacy, théy are used wherever possible. For comfort and safety of standees, buses should
have as many stanchions and holding bars, that a person can caich one from any standing
location.

Figure 9.5-2 to Figure 9.5-4 show the seat layout of trunk buses used in Curitiba and
Nagoya. Transversal seating is used for those buses in both cities.

(2) Proposed bus capacity in the trunk bus system .

In Bogota, bus transport is main mode for public transport and pub]lc tranqport demand is
heavy, especially in the peak hours. When the trunk bus system'is introduced in’ Bogota,
larger buses on the trunk busway will offer both lower operatlon cost and hlgher servxce
rehablhty '

The general merits of largc'buscs are as follows. o
1) Operation costs per unit of offered capacity decrease as bus fleet size increase.

2) Line capacity increases ncarly linearly with bus size. With Iarger buses, street
congestion decreases and rehabxhty of service mcrcases

3) Vehicle maneuverablhty decreascs with bus size.

-4) Riding comfort increases with the bus size of single-body buses, but is lowcr with
articulated and double-decker buses.

Table 9. 5 3 shows the bus capacity proposcd in the trunk bus systcm A smglc body bus
with a bus capacity of 100 passengers is used for trunk bus. Articulated bus with two
bodies whose capacity is 200 is used for express buses. ‘A density of standees refers to the
capacity in Curitiba. The passenger capacities of trunk and express buses are almost 2 - 4 -
times, compared to the current bus capacities. -

The passenger load factor in terms of the number of people per bus, will excecd 1.00 in the
peak hour.
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Table 9.5-2 Bus Capacity in Curitiba, Brazil and Nagoya, Japan

_ Passenger Capacity Body Size
‘Type of Bus Scats  {Standces *)[ Total [Length (m)] Width (m) [Height (m) Secat Layout

1) Curitiba, Brazil '

Express Padron 30 80 110 12.46 2.54 2.97|Tranversal Seat
Express Articulated 481 112 160 _

Express Biarticulated 57 213 270 24.52 2.50 3.42
2) Nagoya, Japan S ' Tranversal
Key Bus 27 46 73 10.64 2.49 3.07| Seat with 2+1

Note: *) Standee density is 8-10 passcngers/m2 in Curitiba
Standee density is 6-7 passengers/m” in Nagoya

Table 9.5-3 Proposed Bus Capacity for Trunk Buses

Typeof Bus  [Seats {Standees  [Total

[Trunk Bus B 30 70] 100
Express Bus *) - .60 140] - 200

Note: *} Articulated Bus

Figure 9.5-2 Seat Layout for Buses in Curitiba, Brazil (Express Padron)
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Figure 9.5-3 Seat Layout for Buses in Curitiba, Brazil (Express Biarﬁculated)
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Figure 9.5-4 Seat Layout for Bus in Nagoya Japan

9.54. Bus COMMERCIAL SPEED

Figure 9.5-5 summarizes an accumulative. percentage of dlstrlbutlon of bus commercial
speeds recorded along Av. Caracas with segregated busway in the morning peak. The data
were recorded during September and October 1998, when vechicle number plate control
already has been commenced in Bogota, and traffic condltlons on the vehicle lanes outside
segregated busway have been improved.

As can be seen, th_e commercial speed of 50 percentile of bus is approximately 17km/h in
the morning peak. The figure varies along sections of south, central and north districts. The
section. between Calle 26 and Calle 76 in inbound direction is as low as 7 to 15km/h The
highest speed is nearly 35km/h.
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According to other records, referred to in Research Report 329 of TRRL, on the Av,

Cristiano Machado busway in Belo Horiz, Brazil where nearly 30km/h were recorded in
the morning peak. The bus stop design of the busway allows bus overtaking, some buses
operate express service, and bus stop and intersection spacmgs are long. In Curitiba,
commercial speeds were recorded between 20 and 25km/h in both peaks. In Nagoya, Japan
the commercial speed on the key route bus is approximately 20km/h.

In the Study, on the assumption that the commercial speeds of express and trunk buses are
approximately 30 and 20km/h, the bus operation system and busway structures are planncd.
Table 9.5-1 summarizes the outline of busway structures.

1.00 oo
0.90
0.80
0.70
:U.ﬁd
0.50
0.40,
0.30
0.20
0.10 =
0.00 L

5 .10 15 20 25 30 35

Operation Speed (km/h) 1

—— [ [ —

Accumulative %

Figure 9.5-5 Bus Commercial Speeds on Caracas in the Moming Peak -

9.5.5. Bus STOP SPACING

The main physical determinations of ‘average bus commercial speed.appear to be bus stop
and intersection spacing. Bus stop capac1ty is an important determinant of overall bus
system performance. Bus stop spacmg also influences performancc Regarding the
relationship between bus stop spacing and commercial speed from the Design Guideline
for Busway Transit in Transport Research Laboratory (TRL), the longer the stop spacmg is,
the higher the commercial speed is. For cxample, the commercial speed rises at
approximately 1.3 — 1.4 times, when the spacing is longcr than ()OOm to 1km.

The spacing for express bus service employs an average spacmg of 1.5 km, while an
average spacing of 600m is for trunk bus (see Table 9.5-1).

As for the Key Bus System in Nagoya, Japan, the avcrage spacmg for cxpress bus is
approximately 700m, while 400m is for the key bus. _

9.5.6. TICKETING SYSTEM

The passengers have to pass through tumstlle before paying the bus fare at’ éntrance door
of the bus under the current ticketing system. On the system, for instance, it takes 5to 10
seconds for 2 -3 passengers at boarding and alighting. Therefore, in order to reduce the
dwelling time at bus stop, an efficient ticketing system is needed.: Boarding times per
passenger, in a fare collection system in which entry to-a bus is unobstructed by fare

collection or ticket validation, are Jower than those of the current system in which entry is
restricted.
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In Curmba, a conductor who rides on a bus handles ticketing inside of a bus. The dwelling
time on this ticketing system is shorter than that on the current system in Bogota,

The proposed commercial speeds of trunk and express buses are on the assumption that an
off-board ticketing system as well as a quick ticketing system is employed. It offers the
possibility to reduce passenger service time and thercby to reduce bus dwelling time and
increases commercial speed.

9.5.7. RELIABILITY OF BUS SERVICE

“In general, the reliability of bus service is usually measured as a percentage of arrivals at

the terminus. with 0 to 4 minute delay. Tt also depends primarily on traffic conditions along
_ the route. Buses have high reliability under certain conditions. For example, if streets are
blocked, bus routes can be quickly and easily relocated. Further, buses are not affected by
temporary power failures.

On the negative side, buses are highly sensitive to traffic conditions, since the majority of
bus routes operate on roads with mixed traffic. Inclement weather affects buses much more
than rail mode. Consequently, bus services in congested urban areas with a reliability of
only 50 to 70% are not rare, particularly during peak hours.

In the proposed trunk bus system, since trunk and express buses are operated on the
busways segregated from private vehicles, the buses are not influenced by traffic
conditions. The reliability will be improved, compared to the current system.

Regularity of bus operation can be improved if a central control is introduced which can
monitor movements of all buses on a route or an entire network. Central control of buses is,
however, more technically difficult and more complex, owing to the large number of buses
and complicated route network. Those controls measures can be very useful in correcting
the delays. Therefore, It is possible to increase the reliability.

9.5.8. OPERATION SYSTEM IN 2000
(1} Procedure

As mentioned before, in order to examine the actual trunk bus operation, the several trunk
bus routes are cut or integrated. Finally the four (4) routes in 2000 and thirty-two (32)
routes in 2005 are proposed as trunk bus routes. According to the passenger demand on
these routes, bus operation system in_the peak hour with components such as scheduled
frequeney, headway and allocated bus fleets is proposed through express and trunk bus

~ service. The number of allocated bus fleets, the number of provided bus fleets by trunk and
express buses including purchase of a bus fleet are also discussed.

The bus operation system is exammed accordmg to the following assumptions:

1) In general ‘there are two (2) scheduled service frequencies: one is for the frequency
decided by a transport policy and the other is by demand. The frequency empicyed
~ should be the larger of the two frequenc1es In Bogota, since the demand is large,

the frequency is decided by the maxrmum demand on a route.

2) A scheduled service frequency is calculated by dividing the maximum demand by
' _ bus capacuy :

: 3) A share of express bus service frequency to total service (express and trunk buses)
will be 50% in case of a route with service of express and trunk buses.

4) A dwelling time at- bus stop is reduced on the assumptxon that an off-board
ticketing system as well as a quick ticketing system is employed. A reduction ratio
of 50% of the dwelling time to that of the current bus with 2-doors is employed,
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referred to dwelling time recorded in U.S.A. in which boarding time by paying on
board is 6- 8 sec, as compared to 1.5 - 2.5 scc for an off-board ticketing system.
The factor of express bus with 4-doors is 0.25.

5)  Operation headway is decided, a%summg that a dwelling time is shorter than that of
hcadway,

6) The scheduled frequency with a round-trip route employs the larger frequency of
the two directions.

(2)  Demand and Trunk Busway Plan

Table 9.5-4 shows trunk busway plan according to passenger demand on each busway. In
2000, the frunk bus passenger flows on Caracas in the peak hour are 20,000- 30,000 /h/d in
the inbound direction. On Calle 80 approximately 24,000 passengers/h/d in the inbound
direction pass through. Autopista Norte and Ferreo de Sur are also busy in passenger flows.
Therefore, the 1-lane trunk and express busways /dir on Av. Caracas-Norte and Calle 80
are planned according to demands on busway. On Calle 80, 2-lane/dir busway is under
construction now. Ferreo de Sur needs 2-lane trunk busway in one direction.

In 2000, elevated busway on Av. Caracas will be planned for the express bus system,

Table 9.5-4 Demahd' and Trunk Busway Plan in 2000

Bus Passengers/hour _ o
Total Trunk Ratio of Type and No. of

Busways {Trunk+Ordinary) Trunk hnes{dir. b Remarks

i L - |Existing right of way:

Autopista Notre 20,000 000 - 55.0% o |100m
Caracas in south 29,0()0’-* 2 000  69.0% 1-lane trunk IROW: 40 m
Caracas in P R - busway/dir and 1-lane |
central ©35,000) . 85.7%} express busway/dir ' {ROW: 40m

‘ - Under construction

Tolenn 1-lane trunk busway, [of trunk busways
Calle 80 28,000| 24,0000  85.7%|and 1-lanc express bus |with 2-lane /dir.
Ferreo de Sur 19,000[ " 19,000{ ~ 100.0%}2-lane trunk buway '

(3) Scheduled Frequency and Headway

Table 9.5-5 summarizes the scheduled frequency and headway in the peak hour. The
highest frequency in both the express and trunk bus operation is estimated on route No.T05.
These figures show a frequency of approximately 60 /hour for the express bus and 130 for
the trunk bus. Those headways of express and trunk buses are approx1mately 60 seC and 30
sec, respectively. .

Table 9.5-5 shows the work. utilization coefficient a as the ratio of passc’nger-k‘m carried
(utlhzed service) to space-km operaied (offered service). The higher this coefficient is, the
better is the system utilization and the more economical is its operatlon H}gher utilization,
however, also indicates lower passenger comfort. In' 2000, the maximum: coefficient is
estimated on route No.T06. The figure is approximately 0.85 which includes bus route in
the outbound direction. Both of routes 'T03 and TO5 are as low as 0.5,
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Table 9 5-5 Scheduled Frequency, Headway and Work Coefficient in the Peak Hour in 2000

Pastengers on L.:
Board/hour heduted Lirequency Klirhou Meadway (sec) System Capacity (paxh)
Maxmum [Minimum [Fxpress  [Trunk . Express Ratio of a=Pax-
. Passenger |y ger[Buses  Buses Express| Trunk fand TrunklExpress|Trunk  |Route | Demand/| Passenger keySpa
Routes | Direction s s (200 pax) |(100pax) [ Total Buses § Duses | Buses 1Buses |Buses |Tolal  §Capacity] -km  [Space-km] ce-km
10001 finbound {. 11578 1,684 ] 58 87 124 62 411 5800 5800 1,600 099§
Cutboand 11,141 3,842 28 56 84 124 64 431 53K 5600 114000 0977 394,963 661,2500 0.597]
TO0G3  [inbound w33 1,18 51 W2 153 7 35 24 10200 10200 204000 0097
- Cutbound 15,70 915 40 79 118 T 46 3y 10200 7900 181000 0.871} 363,963] 689,150 0.5
T0005  {inbound 25192 4,123 63 126 189 57 29 190 12,600 12600 252000 1,000
Ouibound 5,856 . 541 15 30 45 57 120 801 12,600 3,000 156000  0375p J06,6068 630,7601 0471
[T0006 - {Inbound 18,685 9622 - 187 187 - 1% 9 - 18700 187 0.999
Outbound 280 1,206 - 28 - 12% 129 - 2800 2 0993} 247,680 290,250 0853

(4) Trunk Bus Flows on Busways

Table 9.5-6 summarizes the frequency and headway integrated on the trunk busways
‘Those figures show largcr bus flows in both directions, which are mainly in the inbound
direction. Av. Caracas is very busy in bus transport. The total numbers of buses are
approximately 430 /hour, of which 140 are for express and 290 are for trunk buses in the
peak hour. On Calle 80, the number of buses is 190 /hour at an average of 20-sec headways
(57-sec headways for express and 29-sec for trunk buses).

Table 9.5-6 Trunk Bus Flows on Busways in 2000

Frequency/hour o Headway (sec)

Busways |Express Buses| Trunk Buses Total |Express Buses|Trunk Busesj Total
Caracas - 143 286 - 429 25 13 8
Norte 29 58 - 87 124 62| 41
Calie 80 Lo 63 126 189 57 29 19
Ferreo de Sus - 187 187 - 19 19

{5) Allocated Bus Fleets in Peak Hour

Table 9.5-7 shows the number of allocated bus fleets per hour in the peak hour Wthh 1s
estimated taking into account a round trip operation to return to a starting terminal. The
total number of allocated bus fleets is approximately 940/hour in the peak hour, of which
190 are express buses and 750 are for trunk buses.

Considering the factors of maintenance and reservation of bus fleets, assuming a factor of
1.2, it is necessary to provide a total bus fleet of 1,100 of which 200 are express buses and
900 are for trunk buses. Articulated buses as well as express buses will need to be newly
purchased. As for trunk bus, it is better to use the existing large sized buses as a trunk bus.
However, in order to increase a bus capacity, they need to remodel bus interiors with
rearrangement of seat layout.

It is necessary to newly purchase articulated buses of 200 capacity and to rcmodel a large
number of approximately 900 buses by the year 2000.
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Table 9.5-7 Numbers of Allocated Bus Fleets in the Peak Hour in 2000

Express BusTrunk Bus  Total

‘Total i83 752 935
Factor for mentenance, reservation, etc = . 1.2
“Total 220 902 1,123
) Average Dwelling]  Operation Time | Number of Allocated
_ Proposed Bus Operation| time at Bus Stop | between Terminals Buses fhour on
Routes | Direction] Route Speed*) (km/h) . (se0) (hour) - shuttle operation
Length Express | Trunk { Express | Frunk | Express | Frunk
(km) |Express Bus| Trunk Bus ~ Bus Bus Bus Bus Bus Bus
TO0O1 fInbound 28.8 30 20 15 7 0.96 144 28 58
Qutbound 28.8 30 20 13 5 0.96 1.44 28 58
TOGH3 - {Inbound 17.9 30 20¢ 13 7 0.60 0.9 30 9N
Qutbound 17.9 30 20 16 71060 090 30 93
TO003 YInbound 16.0 30 20 20 9 0.53 0.80 .33 100
. tOutbourd 16.0 30 20 15 ki 0.53 0.80} 33 100
TOMG6 [Inbound - 135 30 20 0 6 0.45 0.68 0 126
Outbound 13.5 30 - 20 0 wi 0.45 0.68) 0 126

9.5.9. OPERATION SYSTEM IN 2005

(1)  Demand and Trunk Busway Plan

Table 9.5-8 shows trunk busway plan according to passenger demand on each busway. In
2005, from among the eleven (11) busways, Av.. Caracas, Autopista Norte, Calle 80 and
Autopista Sur need the introduction of express bus system because passenger flows on
these busways will exceed approx:mately 20,000 passengers/h/d. -

As for Av. Suba as mentioned before, planning with 2-lane segregatcd busway on the
existing road is not easy due to the difficulty of widening of road. Two trunk busways with
1-lane/dir are planned for the only trunk bus operation: on Av. Suba and a new busway
from Av. Suba to Av. Caracas by way of Av. 127 to Autoplsta Norte.

On the other hand, since the busways on Calle 80-take the over passenger' demands, it is
difficult to operate on the trunk bus system proposed-in 2005. As mentioned before, the
express - and trunk bus operatlons on the busway with 2-lanes/dir are proposed urtil
completion of the Stage-2 in SITM’s railway project to handle the over capacity of bus.-
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Table 9.5-8 Demand and Trunk Busway Pian in 2005

Bus Passengers/mour
Tolal BT b I Ratio of
Busways  J{Trunk+Ordinary) | Trunk Buses - | Trunk Busesl Type and No. of Lanes/dir. Remarks
: ROW: 30 m {difficulty of
CraTa 21,0004 21,0008 100.0%; 1-lane trunk busway/dir, widening)
Car, 10 29,000, 19,000 65.5%| 2-tane trunk busway/dir. Difficuity of widening
. Trunk aud express busways
Caracas in south 34,0004 34,000 100.09%)(1-lane/dis. each) ROW:40 m
Caracas in ) Trunk and express busways
central 34,000 33,0060 - S7.1%|(1-lanc/dir. each) ROW: 40m
Trunk and express busways _

Autopista Norte 23,000 21,0005 91.3%])(1-lane/dir. each) ROW: 100 m
Av. Quito 23,000 20,000 87.0%]| 1-lane trunk busway/dir. ROW: 60m

' Trunk and express busways
Autopista Sur 29,0004 27,000 93.1%]}(1-lane/dir. each) Possibility of widening
) _ Trunk and express busways  |Propose completing SITM's
Calle 80 47,000, 46,000 97.9%](1-lane/dir. each) - raitway project until 2005
Cra.68 17,0004 17,000 100.0%|i-lane trunk busway/dit.  |ROW: 40 m

1-lane trunk busways/dir and
: . i 1-lane trunk busway on other

Av. Suba 20,000 13,000 65.0%|busway route Difficulty of widening
Calle 170 - 12,0ﬂ0 12,0004 100.0%| 1-1ane trunk'busway Possibility of widening
(2)  Scheduled Frequency and Headway

Table 9.5-9 summarizes the scheduled frequency and headway in the peak hour. The
highest frequency in both the express and trunk bus operation is estimated on route
No.T0051 that passes through Calle 80 to Av. Caracas. The figure is a frequency of
approximately 80 /hour for the express bus and 25 for the trunk bus, Those headways of
express and trunk buses are approximately 45 sec and 140 sec, respectively.

T0033 and TO049 where only trunk buses are operated are the busiest routes in the
hcadway with 26 and 30 sec. TOO33 is operated on Av, Caracas, while T0049 is on Calle
80.

The work utilization coefficient is also shown in Table 9.5-9. The routes with a work
cocfficient of 0.8 or over exceed approximately 70% of total. The routes with those higher
figures are mainly inbound direction. On the other hand, the coefficients on routes in the
outbound direction are low.
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Table 9.5-9 Scheduled Frequency, Headway and Work Coefficient in the Peak Hour in 2005

Rautes| Bireciion Passengers on Scheduled Frequency § Headway (sec) System Capacity Ratio of |Passen | Space- fa=Fax-
Board/hour fdit/hour (pax/n) Demand/ | ger-km]  km  [kn/Sp
. Capacity e
Maxmum |Misimum [Expre [Trunk [Total | Express | Trunk | Express [Expre | Trunk |Route
passenger |passenger |ss [Buses Buses |Buses{ and. |Iss Buses |Total
$ 5 Buses |(180p Teunk |Buses
E200_jax) Buses
OO0 | Intound 456 8] - 4 4 - 900 ET E 4000 400l . pad0)  4869)  7.440f 0,654
TOO0Z [ Outbound 2,399 366] - 19 198 - 189 8] - 1,001 1,900 1.263] 29460] 33820] 0872
70005 fInbound 417 s - 4 4q - 500 0] 400 4008 1.043] 1,152 6200] 0.18¢
TO006 | Outbound 973 ETY [ - 150 450§ - 00| 800 T216] T9,521] 12400] 0788
TO007 | Inhound 2,342 1| - w9 a9y - 189 129 - 1,900] £500] 1233f 20,348] 32.680] 0623
T0008 | Cutbound 1,59 - 13 ] B 277 my - 1,300] 1,360 1283y 7,561] 23930F 0316
TO009 | Inbound EEE s - 3 31 - 116 16 - 3,100[ . 3,100 1282 25,295] 55490f 0456
TOHO | Outbound 3,122 EE 17 17 - 72 z] - 1,766 1,700 1.248] 6,139 30,4308  6.530
TOOIT |Inbound 13,002 1,263 49 16 65 73| 225 551 9,800] 1,600f 11,400 r41) 189,114) 336300] 0.362
T0018 [Outbound 5,526 L182| 22 [ I 03] 4400) 1,300] 5,700F 1.145] 110.422] 165870]  0.666] .
T8019 | Inbound 857 266 - 7 7 - 514 su4f - 700|700 1224] - 8252 10,080] 0323
020 |Gulbound 6,877 Tozs) - s3] s - 68 68 - O RS RS ) T I
T0021 |labound 11,082 Ta25] - 86 sl - [H af - 8.600] 8,600 1209k 195241 281,220 0.694
T0022 |Outhound 0867 ag2 - 75 7 - 48 T 7,500 7,300 1.285] 194,256] .247,500¢ 0.785
T0025 |knbound 2,460 s12f - 19 9 - 189 189] - 1,906] 1,500 1205 n,508] 12,160{ 0945
T0026 | Outbound 658 17af - - 3 8] - T 60| - 6001 600 ioo7|  3,180f 3660 0869}
TO0Z9 _ [Inbound 7,227 1,265 - 56 S6f - 64 ] - 56001 sl r2ml 26367 31360 0s4]-
T30 {Dutbound 1,468 sell - 12 2l - 300 300F - 1,200| 1,200 12230 7.061] - 7.320] 0.965
TOO3 |Inbound 16,974 72,866 - 36 33 29 64| 109) - 40 11,200] 3,300[ 14,500 TA71] 195,679] 261,000] 0.350]
To32 | Outbound 3329 siz| 13 4 17 277 o 22| 2.600] 400] 3,000 THif 39,688 55200] 0719
TOO33 | fnbound 154530 . 1,342] - ey w9 - 30 30 - | 11,900] 12,500 1.299) 171,795 248710] 060
T034 [ Outbound 4,654 748} - 36 £ 100 100] - 3,606 3,600 1293] 51,781 75,2408 0.688
T0037 {Irbound 5027 ws| - 39 EE 2 wf. - 3,900] 3,900 1.289] 55,217] e5520] 0843
T6038 | Outbound 245 65f - 2 - Taeo|  1e00k - 200] . 200 1225f ~ 25271~ 3280] 0.770
TO43 |nbound - 3028 - 24 F] - 150 150 - 2,400 2,300} 1262] 48158 49,440] 0.974
TOM4  FOutbound 740 8F - [3 - 600 00 - 600]  600] ~ T 1.233| 72| 12,7200 0518
TO0MS [ inbound 5,394 245 - 42 a2 - 86 [ 4200] 4,200 -1.284] 83,365F 84,810] 0982
THKMG6 | Outbound 4,053 16t] - 32 ] B 113 ITE I 3,300 3,200} 12670 38,784]  se,5e0] 058
TOO49 | [nbound 17,903 435) - 13%]  138] - 26 26] - 13800] 13,8000 - -1.297] 206308] 259430} 0.795
TDOS0 | Outbound 675 E2) I ) s - 600 7 a0} 600 Lizs] 7,419) 10800] 9.887
T0051 Fnbound 21,504 5831 80 28] 105 35 144 331 16,000]  2,500( 18,500 1.142) 209,371 3t4,500] 0.666
TO52 {Cuthound 1,573 FEE! 3 4 10 600}~ 900 360 1700 4| 1600] 093] 16,713] - 26,080f - 0.641
T0055 {inbound 10,710 no] - 3 8] - 43 3) - 8300 8300] . 1.200] 106428) 156,870] - 0.678)
TOOS6 | Outbound 1,893 4391 - 18 5] - 240 20 - [ 1,500 1,500 1263 28,349f  29,400]  0.564]
T0057 |Inbound _ 11,023 3383 - 85 X 42 2] - 8,500| 8,500 1.297% 151,927 158,950 0956
Tixi58, | Outbound 9,612 96| - 74 74 - 49 ®l - 74001 7,400 1.255]" 59,805] 142,820F 0419
T0061 - [Inbound 14,145 5,705] 47 28 75 71 129 48y 9,400]  2,800] 12,200 1.159] 163,412} 208,620]" 0.783
T62 [Outbound 9,888 231§ 33 20 53 109} - 180 68| §,600) 20008600 1,150} 1a0,206[ - 147.060] 0.953)
065 |inbound 4,705 18 - 37 al - 97 9] - 3,700] 3,706 1273] 46,053 - 76,590 0.601
TO065 | Cutbound 6,748 a7l - A1 B &0 el . 5,200 5,200 1298] Ti6,930] 110,760 1.656
TO067 |lnbuund 5,263 3] - 41 41 E [ & - 4,100 4,100 1.289] 51,663] 59.450]  0.86Y)
TOGSE | Outbound 338 1,888 - 49 gl - 73 [ - 45000 4,900 1.293F 65,083] 71,050] - 0.518
T073 |lubound 11,492 2,163 - 29 D 40 - 8,000] 8,900 L2ot] 109,533 133,500] 0820
T0074 | Guibound 4,886 2,036 - 38 T 95 osf - 370G 3,800% 1286 61,254 37.000F 1.075
0675 | Enbound 3,886 N - 30 wf - 120 120] - - 3,600 3,000] | 1295] 36066 . 30,700 0711
TO076 | Cutbuurd 3,953 942 46 ) - 78 7Ry - 6001 4600 | 1.294] s51,893] 77,740] 0.668
T0077 | 1nbound 2,115 275 7 17 24] 514 212 150] 1,610 { t,700] 330f  0.639] 18,768 - 45,016] 0417
TW7E jOutbound 204 sf1 2 E neoe|  1,z00] 1,610 200| 1,810 0_.;13[ L7l 25,702] 0,068
TO083 | Inbound 5,361 246 - 42 2 36 86y - 42001 4200 - 1276 65779] 103520] 0637
T84 | Cutbound 1,965 asg| - 13 6l - 225 25] - 1,600] 1,600] 1225|2425 39.360] 0540
T008? |inbound 6471 I 50 50| 72 2| - 3000] 5,0008 1.294] 71,940]. 145000) 0493
TR0BS | Outbound 1,298 a1y - 10 I 380 K7 1,000} 1,000 1298f 7,678 14.000] 0.548§.
T008Y | [nbound 5,768 8l - 45 a5y - 80 o - 4,500 4,500 1.282] 72425 1,950 0.594
TO0SC - { Outbownd 1,972 EY 16 ] - 225 ns| - 1,600] 1,600 L233] 15337) 22,400f 0506
TO091 [ Inbound 3375 75| 12 7 19] 300{ 514 189] 2,400  700] 3,200 1.089] 31,803] 36,380] 0869
T009% FOulbound 1,136 ws| 4 3 7 90| 1,200 514] w00 300 1o - o33k 10,36 14.080] 0736
TO09S lirbeund | 10,164 1608 - 79 [ E 46 a6] - F500] T00] 1.287] 108,697 194,340] 0559
TS | Outbound 1,022 L B [ 8 - 450 asn] - 800 80D 1278 - 9600f  9.760F 0994
TO097 | Inbound 9,778 373) - 7% 76 - 47 4 - 7.600] 7,600 1.287] 140,809] "185,200] 0.756
TO09E | Outbound 1,504 28] - 15 5] - 240 240 - 15001 1,500 1269] 14,769] 18,300] 03807
TOGY9 | Inbound 11,442 ot - 89 £ 40 aw| - 8,900 8,900 1.286] 253,026F 2052201 0.954
TOI0 |Ovtoound | 9,381 Lwa) - 73 Bf - 49| 5] IS 7.300| 7,300 1285 161,231 217,340 0741
TOL03 | Inbound 8,151 785 - 63 EE 5T 57 - 6,3007 6,300 1294 112.296] 119070 0.94)]
To104 | Cutbound 5014 28| - 19 19 [5) 92| - 3,500 3,900 1.286‘ 52907 75270 0703
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(3) Trunk Bus Flows on Busways

Table 9.5-10 summarizes the frequency and headway integrated on the trunk busways.
Those figures show larger bus flows in both directions, which are mainly in the inbound
direction. Av. Caracas is very busy in bus transport. The total numbers of buses are
approximately 140 /hour for express and 410 for trunk buses in the peak hour. On Calle 80,
the number of buses is 410 /hour (80 for express and 330 for trunk buses).

Table 9.5-10 Trunk Bus Flows on Busways in 2005

__Frequency/hour Headway (sec)

Busways | Express Bus| Trunk Bus | Total |Express Bus| Trunk Bus | Total
Crla - 239 239 - 15 15
Cr10a - 167 167 - 22 22
Quito - 313 373 - 10 10
Auto. Sur 47 158 205 17 23
Cra. 68 - ' 188 188 - - 19 19
Calle 170 - 141 141 - 26 26
Av. Suba - 63 63 - 57 57
Av. Garacas T142 410 5521 - 25 9 _
Boyaca - : 200, . 200 - 18 18
Calle 80 80 -331 411 - 45 11 -
Centenario -1 343 350 - 514 10 10
Americas 12 162 174 . 300 22 21
Auto. Norte 49 1021 151 73 35 24

4 Allocated Bus Fleets in Peak Hour

Table 9.5-11 shows the number of allocated bus fleets per hour in the peak hour which is
estimated taking into account a round trip operation to reiurn to a starting terminal.
Considering the factor of maintenance and reservation of bus fleets, assuming on a factor
of 1.2, the necessary number of articulated buses is approximately 380 in 2005, in contrast
to 200 in 2000. The necessary number of trunk buses sharply increases, comparing to
those in 2000. The figure is approximately 3,500 fleets, in contrast to 900 in 2000, making
if possible to cut the ordinary bus routes by 46%. Articulated buses as well as express
‘buses will newly need to be purchased. As for trunk buses, it is better to use the existing
large sized buses as trunk buses. However, in order to increase a bus capacity, they need to
remodel bus interior in the same manner as that in 2000,

283



Chapter 9: Trunk Bus System Plan
Table 9.5-11 Numbers of Allocated Bus Fleets in the Peak Hour in 2005

Express Bus TrunkBus Total

Total 320 2,886 3,206
Factor for maintenance, resexvation, efc = _ 1.2 _

Total 384 3463 3,848

Routes { Direction | Route |._Propnsed Bus Operalion | ; i _Qnmum.ﬁrmlzmmmﬁujmmm
Express Bus | Trunk Bus § Express | Trunk [Express Busi Trunk Bus JExpress Bus) Trunk Bus
TO001 Inbound 18.6 30 20 .0 4 .62 0.93 0 17
TO002 Outbound - 17.8 30 20 0 7 (.59 0,89 4 17
TOO0S Inbound 155 30 201 0 L | 0.52 .0.78 0 6
TOOGO Quihound 15.5 3 - 20/ 0 4 0.52 0,78 0 6
TOOO? Inbound 17.2 kit] 20 0 9 0.57 0.86, 0 16
TO008 Qutbound 18.4 30 20 )] 11 - 061 0,92 [¢] 16
TO00G Inbound 17.9 30 20 0l - 9 0.60 0.90] . 0 28
170010 Outbound 17.9 a0 - 20 0 i3 0.60 0.99] _ 0 28
TO01? Inbound 29.5 30 20 14 7 0.98 1.48_! 48 16
TOo018 Duibound 25.1 30 20 21 10 0.97 1.46 48 16
TO019 Inbound 14.4 30 20 0 12 0.48 0.72 0 38|
TO020 Cutbound 14.4 30 20 0 12 0.48 2,72 0 38
TO021 Inbound ) 32.7 30 20 0] - i 1.09 1,64 0 86
TC022 Qutbound 33.0 30 20 0 9 1,10 1.65 i - 86
T0025 " §inbound . 6.4 30 20 {] 20] ~0.21 0.32 4] 3
T026 Quibound 6.1 30 20 4] 19 0.20] - (.31 0 3
10029 Inbound 5.6 30 20 0 24 0.19 0.28, 0 3
0030 Qutbound 6.1 30 20 0 25 .20 . 0.3 -0 3
T0031 Inbound 18.0 30 20 26 12 060] 090 34 30
T0032 . [Outbound 184 30 . 208 27 12 : - 0.61 0.92 34 30
10033 . {Inbound. 209] - 30 20 0 12l . Q70 1.05 0 1i9
T0034 Qutbound 20.9 30 201 -0 i8 0,70 1.05 [\ 119
T0037 Inbound 16.8). 30 .20 1] 7 0.56 .84 -0 33
T8 Qutbound 16.4 30 20 - OF 8] - .55 .82 0 33
T0043 Inbound - 20.6 30 20 0 7 0,69 1.03 Rt 24

TGD44 Qutbound 21.2 30 - 20 {0 10 "~ 0,71 1.06 0 241
To045__ - Jinbound 20,2 30 20 o . 10 0.67 1.01 0 42
T46 Gutbound 20.8 30 20 0 11 0.69] 1,04 0 42
T0049 Inbgund 18.8% 30 20 [¢] 9 0.63 094f 0 130
TO050 Outbound 18.0 30 20 1] 9 0.60| - (.90 1] 130
TOOS1 Inbound 17.0 30 20 22 10 Q.57 - 0.85 45 21
TH52 Cutbound 16.3 30 20 24 103 0.54 0.52 45 21
T0055 Inbound 18.9 30 20 0 i1 0.63 0.85 Q] . 78
TOO56 Qutbound 19.6 30 ) 20 1] 13 (.65 - 0.98 0l 78
T0057 Inbound ' 18.7 - 30 20 0 13] 062 094 0 7%
T0058 Qutbound 19.3 30 20 ol 12§ . 0.64). 0971 . 0 79
T0Oo61 Jinbound : 17.1] 30 201 23 11) - Q.57 0.86 27 24
TO062 Qutbound 17.1 30 204 26 12] - 0357 0.86 27| - 24
TOO6S Inbound 2071 30 20 L4 11 -0.69) . 1,04} ) 52
TO066 Qutbound 21.3 30 20 0 14 0.71 . 1,07 [i 52
TO067 Inbound 14.5 30 20 0 121 0.48 Q.73 0 36
TO068 Culbound 14.5 C 30 20 0 12 0.48} 0.73 0 36
TO073 Inbound . 15.0 0 20} 0 9 0.50 0.75 1] 67
T0074 Outbound 15.0/ 30 200 ] 13] - 0,50 . 0.75 1] 67
T0075 Inbound 16.9 30 20 0 16) 0.56; . - 085 0 39
TOO76 OGuibound 16.9 30f - ©20 [ 14 0.56] . 0.85 .G 39
THT7 Inbound 13.6 30 20 20 2 _0.45) 0.68 N 3 12
TOO7S Quibound 14.2 30 20! 19 ki3 0.47 0.71 3 12
TO083 inbound 24.6 a0 20 0 121 0.82 1.23 0 42
TO084 Outbound 24.6 30 20} 1] 16 0.82 1.23 0 42
TOOB7 Inbgund 29.2 30 20_! 0 - 10 " 097 1.46] 0 50
TO088 Quibound 14.0 30 20 0 16 - D.47 0.70 0 50
TO089 Inbound 27.1 30 20 1] 12 0.90 1.36 ] 45
TOO90 Qutbound 14.0 30 - 20 0 25 0.47 0.70 0 45
To91 Inbound 1.8 30 20 36 18 . Q.39 - 0.59 3 4
T0092 Qutbeund 12.8 kY] 20 39 13 0.43 0.64 3 .4
TO093 Inbound 24.6 30 20 1] 11 0.82 1.23 0 79
TO096 Quibound 12,2 30 204 0 27 0,41 0.61 0 79
T0097 Inbound 24.5 30 20 [t} 15 0.82 1.23] . 0 76
T0098 Quibound 122 30 20 0 26 0.41 061 0 . 76
099 Inboynd 29.8 30 20 1] 14 999 1.49] 0l - B9
TOL00 Ouibound 29.8] - 30 20 0 16 0.99 1,49 0 89
T0103 {nbound 18.9 30 20| 0 16 0,63 0.95 0 G0
TO104 Outbound 19.3 30 20§ 0 16 .64 0.97 {0 60
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9.5.10. SHARE OF EXPRESS BUS AND TRUNK BUS

In Bogota, future public mass transport system will be composed of the trunk bus, express
bus, ordinary bus and SITM railway, in contrast to only service of ordinary bus at present,
In this section, the future share of public transport system is analyzed,

Figure 9.5-6 shows the shares of public transport modes in terms of passenger-km in 2000.
The highest share is the ordinary bus (81% of the total), followed by trunk bus (10%) and
express bus (9%). In 2000, only three (3) trunk busway with 4 trunk and 3 express bus
routes will be operated, while 70% of current bus routes remain.

Figure 9,5-7 also shows the shares of public transport modes in 2005 in the same manner.
In 2005, approximately 45% of current bus routes will be cut and major public transport
will be replaced with the trunk bus system. This bus system will be operated on the 11
_trunk busways with 32 trunk bus routes and 6 express bus routes. Therefore, the share of
trunk bus accounts for approximately 50% of the total. The ordinary bus share reduces by
30%, in contrast to 81% in 2000.

10%

1

0O Trunk Bus
" @ Express Bus
Ordinary Bus

Figure 9.5-6 Shares of Passenger-km by Mass Public Transport Modes in 2000

8%

0% ;
4%

1 Trunk Bus
Express Bus
0 Ordinary Bus

0 SITM Raibvay

Figure 9.5-7 Shares of Passenger-km b'y Mass Public Transport Modes in 2005
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06. TRAFFIC FLOW CONDITIONS ON AV. CARACAS ESTIMATED BY TRAFFIC
SIMULATION

9.6.1, GENERAL

In 2005, on Av. Caracas two types of bus service will be in the trunk bus system: trunk and
express bus services. The express buses run on the fully segregated busways on the
elevated road and trunk buses are operated on fully segregated busways with signalized
intersections on at-grade roads, As for bus operation system, the service frequencies with
140 /hour for express and 410 for trunk buses in the peak hour which are equivalent to a
headways of 25 and 9 sec, respectively will be needed on' Av, Caracas from the demand
analysis in previous Section. Since on at-grade road, trunk bus flow rate on trunk busway
is very heavy, it is necessary to verify the saturation degree on the proposed bus operation

system taking into account dwelling time at bus stops and behavior at signalized
intersections. '

Therefore, in order to predict the congested degree on Av. Caracas on the proposed bus
trunk system, the bus operation performance is simulated on a computer by means of a
simulation model. By the model, it is possible to predict the effect of operation
performance, as expressed in terms of measures of effectiveness, which include average
bus speed, vehicle stops, delays, etc.

The TRAF models, which involve the software supported by the Federal Highway
Administration in U.S.A. (FHWA), was used in the Study. TRAF is an integrated software
system that consists of NETSIM and others. NETSIM is a microscopic stochastic
simulation mode! of urban traffic.

In this Section, the determination as to whether the estimated service frequency for express

and trunk buses exceeds the line-capacity of the proposed busway facility, is validated with
the TRAF model.

9.6.2, PROCEDURE OF ANALYSIS

(1) Procedure

In order to simulate traffic characteristics on Av. Caracas, the road segment on Av.
Caracas between Calle 63 and calle 45 was chosen as a study area. The procedure of
analysis is as follows:

1) To collect present traffic data on Av. Caracas
»  Bus flow volumes
¢ Private vehicle traffic volume for stfaig_ht, left and right-turn movémént
2) To collect road inventory data on Av, Caracas betwccﬁ Calle 63 and calle 45
* Number of lanes: 2-lane/ dir wifh segregated busway |
* Location of bus stops
* Number of bus bays: 2-bus bays vﬁth on-line bus bay
* Traffic signals: locations, cycle length, and off-set time
3) To set parametefs for simulation model
*  Bus fleet size

*  Dwelling time at bus stops
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*  Operation headway
¢ Driver characteristics
4) To calibrate the present traffic conditions

5) To simulate traffic conditions for buses and private vehicles in Without case and to
disclose the limitation of the current bus system

6) 'To simulate traffic conditions for trunk buses and private vehicles in With case and
to predict traffic conditions on elevated busway and at-grade road with signalized
intersections

Figure 9.6-1 summarizes the estimation flow for traffic conditions on Av. Caracas with
traffic simulation.

{2) QOutput Data

The system operation performance is expressed in terms of measures of effectiveness,
which include bus flows, service frequency, average vchicle speed, delay time at
intersections derived from the simulation model.
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Estimation Flow for Traffic Conditions on Av. Caracas by Traffic Simulation

Traffic Data on Av. Caracas Input Data for Road Facility

- Bus flow volume ~ Road Segment on Av. Caracas: Calle 63 to Calle 45

- Private traffic volume for - Number of Lanes; 2~lanes/ dir with segregated busway

straight, turn-left and right - Location of bus stops’

movement : - Number of bus bays: 2 bus bays with on-liie bus bays
« Traffic signals: locations, cycle length, off-set time

Parameters for Simulation Modej
~ Cycle length and off-set time for traffic signal
— Bus fleet size

- Dwelling time at bus stops

- Operation headway

- Driver characteristics

NETSIM Simulation Model
Calibration of Model

l

|

QOutput Data

~ Bus flows on busway
-~ Travel Speed

- Delay Time

Y X

Traffic Conditions for Bus and Private ' Traffic Conditions for Bus and Private
Vehicles in Without Case Vehicles in With Cases
- On road with 2~lane segregated busway § - On elevated road

~ Orn road ocutside busway ~ On road with 1-lane segregated busway
1 - On road outside husway

[ Limitation of Current Bus System ]

Figure 9.6-1 Estimation Flow by Traffic Simulation

288



The Project of Highway and Bus-Lane of Sanfa Fe de Bogola
9.6.3. VALDATION OF PRESENT TRAFFIC CONDITIONS OM AV. CARACAS

Av, Caracas is served with 2-lane/direction fully segregated busway at present. The
busway is located on the median side. The bus stop facility has 4-sets of 2-bus bays with
on-line bus bay on outside lane. The bus stops are located only on the outside bus lanc in
spite of 2-lane busway. According to the count data in 1998 on Av. Caracas, the number of
bus flows in the peak hour varies from 500 to 600 buses on busway. If every bus running
on the median-side bus lane approaches the bus bays by weaving maneuvers, it is difficult
to operate these bus volumes. Since at present, bus passengers board buses across the bus
lane in the side of a sidewalk, which run on median-side bus lane, it appears as though
buses are just operated with bus bays on each bus lane.

(1)  Traffic Conditions

- The present traffic conditions on Av. Caracas are validated with the simulation model in
which the model parameters are optimizcd Figure 9.6-2 shows the relationship between
bus flow rate and operatlon frequency in segment-1 with bus stop and segment-2 without
bus stop. As can be seen, in both segments, the higher the frequencies are, the heavier the
bus flow rates are and then, the bus flow rates gradual!y decrease after the frequencies
reach at some high values.

In the model, vehicles move according to car-following logic, response to traffic control
devices, and response to other demands. Buses, however, must service at bus stop;
therefore, their movements differ from those of private vehicles. Congestion can result in
queues that extend throughout the length of a link and block the upstream intersection, thus
impeding traffic flow, ' ' :

Since in the model, each vehicle’s behavior can be simulated in a manner reflecting real-
- world processes, no matter how high the service frequency is, bus flow rates are decrease
due to unstable flow conditions. As can be seen in Figure 9.6-2, the highest number of bus
flow rates is approximately 600 in peak hour. This figure is similar to the present traffic
volume on Av. Caracas. According to the analysis with the model, the bus volume at the
present on Av. Caracas reaches critical density. The current bus system is close to its limits

{2) Delay Time

Figure 9.6-3 shows relationship between total delay time and frequency in both segments.
In segment-1 with bus stop, the delay is due to dwell time at bus stop and waiting time at
traftic signals. When bus flow rate exceeds 500, total delay time increases due to increase
of waiting time at intersections and conflicts near bus stops. Total delay time in segment-2
is smailer than that in segment-1 because of no bus stops along the routes. In this section,
‘when exceeding frequency of 300 or over, traffic congestion occurs.
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Relationship batween Bus Flows and Frequency in Peak Hour
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Figure 9.6-2 Relationship between Bus Flow Rate and Frequency

Relationship bwtween Delay Time and Fregueficy

Delay Time (Sec/Bus)}

56 100 200 300. 400 500 545 600 750 900 1200
Operation Frequency

Figure 9.6-3 Refationship between Total Delay Time and Frequency

9.6.4. TRAFFIC CONDITIONS IN WITHOUT CASE

In without project case on Av. Caracas in 2000 and 2005, the estimated increase ratios of
bus traffic volume are 1.05 and 1.10, respectively according to the demand analysis.
Therefore, the volumes in 2000 and 2005 are forecasted at approximately 630 and 660,
respectively. According to Figure 9.6-2 those figures will exceed the present bus flow
capacity on Av. Caracas. Therefore, it will be necessary to introduce the proposed trunk
bus system (both the busway and operation system). -

9.6.5. TRAFFIC CONDITIONS ON TRUNK Bus SYSTEM IN 2005

(1) On Elevated Busway for Express Buses

The proposed express bus system is as follows: the express buses will be operated on the
elevated busway which will provide 1-lane ségregated bus lane/ dir with off-line bus bays
which have 2 booths. The articulated buses run on the busway without traffic signals.
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Figure 9.6-4 shows the relationship between express bus flow rate and frequency on the
elevated busway. simulated by the model. The highest number of bus flow rates is
approximately 300 in the peak hour. This figure indicates the maximum bus flow rates in
the system. In 2005, the estimated number of express bus flow rates on the elevated
busway is approximately 150 in the peak hour. The capacity of the clevated busway is
sufficient for the bus flow rates for a period of a decade beyond 2005.
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Figure 9.6-4 Relationship between Express Bus Flow Rate and Frequency on Elevated Busway

(2) On Trunk Busway for Trunk Buses

The proposed trunk bus system is as follows: the trunk buses are operated on the fully at-
grade segregated busway which provides 1-lanc ségregated bus lane/ dir with on-line bus
bays which have 2 booths. The trunk buses run on the busway with traffic signals at
intersections.

Figure 9.6-5 shows the relationship between trunk bus flow rate and frequency on the trunk
busway according to number of bus booths. The highest number of bus flow rates is
approximately 350 in the peak hour with 5-6 bus booths. The current bus booths on Av.
Caracas are 8 booths, On 4 or less bus booths, the maximum number of bus flow rates is
approximately 300. '

In 2005, the estimated number of trunk bus flows on Av. Caracas is approximately 400 in
the peak hour. This figure will exceed the proposed flow capacity on trunk busway.

" In order to reduce the fumber of trunk bus flow rates in the peak hour, it is necessary o
use the articulated buses as-a trunk bus. In the simulation, the bus flow rate is simulated by
using a variable in terms of the composition ratios of articulated buses to total trunk buses.

Its ratios are set at 20%, 15% and 10%. '

291



Chapter 9: Trunk Bus Syster Plan.
Figure 9.6-6 shows the relationship bus flow rate and frequency according to composition

ratios of articulated buses. The bus flow rates relate with the composition ratio of
articulated buses. The higher the composition ratios are, the lower the bus flow rates are.

Bus Flows by Bus Booths
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Figure 9.6-5 Relationship between Trunk Bus Flow Rate and Frequency by Bus Booth
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Figure 9.6-6 Bus Flow Rate by Composition of Articulated Buses

Table 9.6-1 shows the maximum number of bus flow rates by the composition ratio of
articulated buses referred to Figure 9.6-6. The maximum figures are 330 buses/hour in case
of a composition of 10%. In consideration of bus passenger capacity by trunk and
articulated buses, the maximum number of passengers transportcd on the trunk: busway is
37,800 per hour at an articulated bus ratio of 20% '

In the demand analysis in the prev10us section, since in 2005 bus passcngers are cstlmated
at 34,000, it will be necessary to mix the trunk buses with articulated buses, 10 ~ 15% of
the total. The trunk buses on the fully at-grade segregated busway become possible to
operate under this procedure.
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Table 9.6-1 Number of Buses and Passengers According to Articulated Bus Composition

Composition |No. of Passengers |Maximum
of Buses passengers on
Articulated Caracas
Buses (%)
' 10 330 36,300 34,000
15 320 36,800
20 315 37,800

9.7. REARRANGEMENT OF CURRENT BUS ROUTES |

9.7.1. CUTTING CURRENT Bus ROUTES

Seventy percent (70%) in 2000 and 55% in 2005 of the total ordinary bus routes on the
current bus system will remain, respectively. The ordinary buses will be operated on the
current bus routes. In case where the current bus routes are on roads with the trunk
busways, the ordinary buses will be operated on the outside of the segregated busways or
of the trunk bus exclusive lane, together with private vehicles, Therefore, since the priority
- for operation of ordinary buses with a privilege such as travelling on the busway is not
given, the bus commercial speed will be reduced according to the increase of traffic
volume.

The ordinary buses, however, play an i_m'portant role in the public transport. In 2000, only
4 trunk bus routes will be operated on the three busways and almost all the passengers will
use the ordinary buses. In 2005, in case of absence of the ordinary bus service, heavy
passenger demand will be beyond the line capacity of trunk busway. Therefore, in order to
reduce the load of passenger demand on the busways, it is mdlspensabie to supplement
ordinary bus routes not to overlap with trunk bus routes.

Approximately 30% of the total ordinary bus routes that overlap with the trunk busways
will be cut in 2000 in order to be diverted to the trunk buses. Consequently, in 2005,
approximately 45% of the ordinary routes will be cut.

The criteria of discontinued ordinary bus routes is as follows:

- 1)  In 2000, the ordinary bus routes where a length of route overlapping with busways
on Av. Caracas and Calle 80 is 2.5 km or more, will be cut.

2) In 2005, the ordinary routes with an overlapped length of 4.5km or more with Av.
‘Caracas and 9.0km or more with other busways will also be cut. The criterion of
overlapped length on Av. Caracas is shorter than that on others, because many bus
routes concentrate on Av. Caracas. It is necessary to cut many ordinary bus routes
overlapping with Av. Caracas.

It is necessary to rearrange those discontinued ordinary bus routes. On the other hand,
- since the ratic of remained ordinary route overlapplng with the trunk busways is low, the
ordinary buses are maintained as a supplementary service to trunk buses.

9.7.2. REARRANGEMENT OF DISCONTINUED ORDINARY BUS ROUTES

Several discontinucd ordinary bus routes need rearrangement, as related with those route
configurations. The procedures for rearrangement of routes are as follows:

1) A long route is divided into two or more routes.
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2) A winding route is cut or is divided into two or more routes.

3)  Ordinary bus routes should connect to the trunk bus routes or SITM’s main railway
stations, since ordinary buses function as a supplementary service of trunk buses.

4) A section of ordinary bus route overlapped with trunk busway should be replaced
by planned a route to cross the trunk busways, -

9.8. SUMMARY OF TRUNK BUS OPERATION SYSTEM

Table 9.8-1 briefly summarizes the outline of trunk bus system in 2000 and 2005,
respectively, which includes routes, bus facilities, and bus system to be applied on busway.
Table 9.8-2 and Table 9.8-3 also summarize the bus operation system to be applied on
busway. '
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Table 9.8-1 Summary of Bus Operation System

Policy items

Contents of Bus System

Remarks

(1) Bus Operation System in 2000

1)  Busways on Trunk bus 4 busways.on Norte, Caracas, Caile 80 and Corredor
system __|Ferreodel Sur .

2)  Number of trunk bus routes |4 .01 bus routes

3) Typesof bus operatior_x—

4) " Discontinued number of

Express buses, trunk buses, and ordinary buses

ordinary bus routes

Taking into account

phase out of old fleet

(2) Bus Operation System in 2005

Target; 30% of the total ordinary bus routes

1)  Busways on Trunk bus )
system 11 busways on major roads
2)  Number of trunk bus routes |32 trunk bus routes
3) Types of bus operation Express buses, trunk buses, and ordinary buses
4)  Discontinued number of Taking into account
ordinary bus routes - | Target: 45% of the total ordinary bus roufes hase out of old fleet
(3) Bus capacity Express buscs_(ZOﬂ passengers), trunk b._uses (100
passengers), and ordinary buses {20-40 passengers)
{4) Busway Capacity ' '
1) Scheduledfine cpacity Ipxpress bus: 16,000 paxflane/hour/dir A headway of 45 sec.
R Trunk bus: 8,000 pax/lane/hour/dir ] o
2)  System criteria of trunk ‘
busways 12,000- 20,000 pax/hour/dir. for introduction of
" |express bus system ' - L
12,000 or less for trunk bus system on 2 lane busway -
: : _|6,000 or less for trunk bus systemon 1 lanebusway | L
3} Planning policy for busways | - . -
with 30,000 or more * To propose additional trunk busways ~
- * To propose urgent railway plan
(5) Bus Facility ' ' ' e
D Bus stop spacing A distance of 1-1.5 km for express buses e
. 3 A distance of 500-600 m for frunk buses
2)  Bus facilities Bus stop
Bus U-turi fa:ci!ily. i in 2000
Suburban bus terminals near peripherical areas of
Bogota - B
Central bus terminal in 2005
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Table 9.8-2 Bus System to be applied by Each Busway in 2000

Trunk Bus
Passengers/hour
Busways on Busway Plan and No. of Lanes/dir. Remarks
o 1-lane trunk busway/dir and 1-lane
Autopista Notre Yexpress busway/dir Existing right of way: 100m

1-lane trunk busw

ay/dir and 1-lane

Caracas in south M express busway/dir ROW: 40m
1-lane trunk busway/dir and 1-lane
Caracas in central Oexpress busway/dir ROW: 40 m

Calle 80

11-lane trunk busw.

ay, and 1-lane

Under construction of trunk
busways with 2-lane /dir.

Ferreo de Sur

4 D00kexpress bus

2-lanc trunk buway

Table 9.8-3 Bus System to be applied by Each Busway in 2005

Bus Passengers/hour
Total Trink Ratio  of] :
Busways |(Trunk+ e Trunk Pla&and No. of Remarks
. nes/dir.
Ordinary Buses
Buses) ' :
Cra7a 21,000 21,000 100.0%|1-lane trunk|ROW: 30 m (difficulty of]
busway/dir. widening) -~ -
Car.10 29,000 19,000 65.5%|2-lane trunk|Difficulty.of widening
busway/dir.
Caracas in 34,000 34,000 100.0%|[Trunk and expressfROW:40 m
south busways  (I-lane/dir.
each)
Caracas in 34,000 33,000 97.1%|Trunk and express|ROW: 40 m
central busways  (1-lane/dit. ‘ :
_ each)
Autopista 23,000 21,000 91.3%{Trunk and express{fROW: 100 m
Norte busways  (1-lane/dir.
each)
Av. Quito 23,000 20,000 87.0%]|1-1ane trunk|[ROW: 60 m
_ busway/dir. ‘ :
Autopista 29,000 27,000 93,1%|Trunk and cxpressiPossibility of widening
Sur busways  (1-lane/dir. '
each) :
Calle 80 47,000 46,000 97.9%{Trunk and express|Propose completing
: busways = (I-lane/dir.|SITM's railway project
each) unti} 2005
Cra.68 17,000 17,000 100.0%1-lane trunk|ROW: 40 m
busway/dir.
Av. Suba 20,000 13,000 65.0%|1-lane trunk|Difficulty of widening
busways/dir and 1-
lane trunk busway on
other busway route
Calle 170 12,000 12,000 100.0%|1-lane trunk busway |Possibility of widening
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The Project of Highway and Bus-Lane of Santa Fe de Bagota

PART-C PLANNING OF INNER RING EXPRESSWAY

10. PLANNING CONDITIONS OF INNER RING EXPRESSWAY PROJECT

10.1. PLANNING ENVIRONMENT

10.1.1. BACKGROUND OF THE INNER RING EXPRESSWAY PRQJECT

The Master Plan for Urban Transport of Santa Fe de Bogota in the Republic of Colombia
was conducted by Japan International Cooperation Agency (JICA) over a period of one
and one half years from July 1995 to December 1996. In the Master Plan, three (3)
different transport sector development plans were recommended such as traffic
management development plan, road network development plan, and public transport
network development plan for mitigation of traffic congestion within the city of Bogota.

Among the three (3) different categorics of road sector project of the road network
development plan in the Master Plan, certain projects were recommended such as the ten
(10) existing road improvement projects, seventeen (17) new road construction projects,
and three (3) urban expressway development projects consisting of Inner Ring Expressway,
Second Ring Expressway, and four (4) Radial Urban Expressways.

Taking into account the existing and future traffic conditions of central area in Bogota city,
the public transport conditions in the city of Bogota, the transport facilities conditions in

Bogota, and the implementation schedule of proposed projects in the Master Plan, the
Inner Ring Expressway (IRE) project was selected for the conduct of Feasibility Study for
mitigation of the traffic congestion within the area which is covered by central business
area in Bogota. This is considered an urgent transport improvement plan, and is referred to
as “the Feasibility Study of the Inner Ring Expressway”.

The Feasibility Study of IRE will be conducted based on the various development plans
prepared by IDU, STT, DAPD, and related authorities of Bogota. It will be carried out with
mutual cooperation between the JICA Study Team and the Colombian counterpart
personnel and officers of related agencies of Bogota City.

10.1.2. DEFINITION OF INNER RING URBAN EXPRESSWAY

As previously mentioned, the Inner Ring -Expressway, Second Ring Expressway, and four
(4) Radial Expressways development plans were recommended in the Transport Master
Plan in Bogota as the future Urban Expressway network conf;guration in Bogota. The
function and characteristics of the Inner Ring Expressway is to mitigation of the traffic
congestion at the central area of Bogota at the urgently, and its of the Second Ring
Expressway are to mitigate the traffic congestion at the surrounding area of central area in
Bogota, and also to maintain the traffic diversion from/to Radial Urban Expressway. The
other hand, the function and characteristics of the four (4) Radial Urban Expressways is the
urgent mitigation of the traffic congestion on the existing radial roads such as Autopista
Norte, Sur, Medellin and EI Dorado, and also to maintain the traffic from/to the
surrounding cities of Bogota such as Soacha, Mosqura, Cota and so on (Bogota
Metropolitan Area),

According to the recommendation of the Transport Master Plan, the implementation
schedule of the Inner Ring Expressway, Second Ring Expressway, and the four (4) Radial
Expressway are shown in Table 10.1-1.
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Table 10.1-1 Implementation Schedule of Urban Expressway based on Transport Master Plan

Road Name Design Period | Land Construction Operation
Preparation | Period Year
Inner Ring 1998-1999 2000 2001-2005 2006
Second Ring 2006 2007 - 2008-2011 2012
Radial Expressway 2014 2015 2016-2020 2021

10.1.3. STUDY AREA OF INNER RING EXPRESSWAY

Considering the functions and characteristics of the Inner Ring Expressway and balance of
Urban Expressway network configuration, the study area for route location of the Inner
Ring Expressway should cover the central urban district (CBD) in Bogota, which is
covered by Avenida 7, Calle 100, Avenida Quito, and Calle 6. The route locatlon of the
Inner Ring Expressway will be conducted w1th1n this area.

10.1.4. PLANNING TARGET YEAR -

In the Transport Master Plan in Bogota, the Inner Ring Expressway was recommended as -
an urgent undertaking to mitigate the traffic congestion within the central area of Bogota

City. Based on the Transport Master Plan, the target year of the Inner Ring Expressway is
identified in the year 2005.

40.1.5. MAJOR STUDY ITEMS

The Study is to conduct the fca51b1hty study for the Inner Ring Expressway recommended
by the Transport Master Plan in Bogota that was conducted by JICA Study in the period
from July 1995 to December 1996. The major study items for the feasﬂnl}ty study of the
Inner Ring Expressway are as follows:

1) Review and analysis of data and information

2) Identification of planmng pollcy and strategy

3) To conduct various field surveys ( topographic, soil mvestlgatlon, 1nventory)
4) To conduct supplcmentary traffic survey

5) Projection of future traffic volume

6) Initial environmental examination

7) Preparation and evaluation of alternative routes

8) Preliminary engineering (topographic maps at scale of 1: 5,000)

9) Environmental impact assessment

10) Project cost estimation _ :

11) Preparation of implementation schedule and financial resources

12) Project evaluation (economical, financial, technical, environmental, social )
13) Recommendations . |

298



The Project of Highway and Bus-Lang of Santa Fe de Bogota

10.2. TRAFFIC CHARACTERISTICS IN BOGOTA

The traffic characteristics in the City of Bogota is examincd based on the resuits of person
trip survey in the Transport Master Plan of Bogota which was prepared by JICA in 1995 to
1996. The detailed traffic (‘haracterlslxcs in the city of Bogota refer to the Report of the
Transport Mdstcr Plan,

10.2.4. TRAFFIC FLOW CHARACTERISTICS

As shown in Figure 10.2-1, the total number of person trip of Bogota per day in year 1995
and in year 2020 were estimated as 11,550,000, and 19,342,000 person trips respectively.
From the Figure 10.2-1, the following traffic characteristics in the city of Bogota can be
recognized.

1)  Inthe Year 1995

1) 95 % of total number of person trips, that is, 10,960,000 person trips per day were
maintained within the city of Bogota.

2) 5% of total number of person trips, that is, 579,000 person trips per day were
- from/to outside Bogota City.

3)  Only 0.13% of total number person trips, that is, 15,000 person trips per day were
by-passing the city of Bogota,

4) From the above-mentioned numbers, the person trip movements in the City of
Bogota are basically within Bogota. '

(2} In the Year 2020

1) 91 % of the total number of pers"o.h tkips, that is, 17,592,000 person trips per day
will be operated within the City of Bogota

2) The person trip movements between Bogota city and outside Bogota city in year
2020 will be increased about three (3) times their level in year 1995. This means,
the development pressure in the surro'unding cities of Bogota will be increased
rapidly.

3) By-passing traffic of the city of Bogota in year 2020 will still be very small. Only
0.35 % of total person trips per day, that is, 63,000 person trips per day will be
diverted inside the city of Bogota.

10.2.2. TRAFFIC CHARACTERISTICS OF EACH AREA IN BOGOTA

From the viewpoint of the tra'ffi_c_ and transport conditions, and land use, construction and
social conditions in Bogota city, the urbanized area of Bogota city can be divided into three
different categories: Area-A, Area-B, and Area-C.

Area-A is covered by Avenida 7a, Avenida Quito, and Primero de Mayo, and Area-B is
covered Avenida Quito, Avenida 68, and Autopista Sur. Area -C is covered by Autopista
Norte, Avenida Boyaca, Avenida 68, and Autopista Sur, see Figure 10.2-2. The traffic
characteristics of each Area are presented in Table 10.2-1.

From the Table 10.2-1, the folloWing observation regarding traffic conditions in each Area
can be concluded. '

1) From the vieWpoiht' of road ratio for trunk road network, the road ratio of Area-A
is about 4.9 km/km?2 where as in other Areas it is about 2.2 km/km2. These figures
indicate comparatively sufficient road length.
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2)

3)

4)

5)

In spite of maintaining sufficient road length, the traffic congestion degree of each
Area is very heavy. The average congestion degree of Area-A is about 0.9, This
means that almost all the trunk roads in Area-A have reached their traffic capacity.
Therefore, some traffic congestion mitigation plan should be implemented as soon
as possible.

The average congestion degrec of Area-B and C also indicate that the traffic
capacity within these Areas will soon be reached. Therefore, some mitigation plan
for traffic congestion should be implemented soon.

1t is very difficult to implement the widening of existing roads of Arca-A, because,
there are many buildings along the existing roads,

When mitigation measure for traffic congestion in the Arca-A are prepared, a
combination plan such as Urban Expressway Project, Public Transport Project,
Traffic Management Project, and Traffic Demand Management Project (TDM)
should be considered. :

{1}YEAR 1995 (Total person Trips = 1. 550.000)

=

15.000 Trips (0.13%.}
By - Pass Traoftlc

(2} YEAR 2020 (Total person Trips= 19.342.000}

74

B83.000 Trips (035 %
By - Poss Traffic

Figure 10.2-1 Person Trip Movement in 1995 and 2020
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Table 10.2-1 Traffic Characteristics of Each Area

Condition Items Unit Arca-A Area-B Arca-C

Land Arca(A) km? 15.1 34.0 23.4

Road Length(B) km 73 82 48

Road Ratio(B/A) km/km?2 4.9 2.4 2.1

Land Use Condition Urbanized{(CBB) { Urbanized Sub-Urban

Housing Condition Righ Density Mecdium Low Density

Density

Road Side Condition High Use Medium Use Low Use

Traffic Conditions
1) PCU-km 4,792,000 5,487,000 3,620,000
2) Person-km 35,102,000 36,302,000 | 27,444,000
3) PCU-hours 244,000 135,000 134,000
4) Average Speed km/h 19.0 40.5 26.9
5) Congestion Degree 0.906 0.658 0.702
6) PCU-km/Land Arca 317,000 161,000 154,000
7)PCU-km/Road Length 65,000 67,000 75,000

PCU: passenger car unit

Av. Quito
Ay. €8
—— Av. Boyaca
TRAFF!IC AVERAGE PCU: Km PARSON:Km
CONGESTION RATE | RUNNING SPEED

Areg - A 0.906 19.60 4.793.000 35.102.000
Area - B 0.658 40.%0 5.487.000 36.302.000
Area - C 0.702 26.90 3.621.000 27.444.000

Figure 10.2-2 Location of Each Area
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10.2.3. TRAFFIC VOLUME ON TRUNK ROADS IN BogOTA (1995)

The traffic volume on the trunk roads in Bogota is presented in Table 10.2-2 based on the
results of traffic count survey which was conducted by J ICA in 1995.

Table 10.2-2 Traffic Volume on Trunk Roads in Bbgota (1995)

PCU/M

Name of Road PCU/12h | PCU/24h Capacity | Congestio
(A) {A)*1.3= | (peak hour) § (PCU/h) n Degree
e | o© D) (CD)
Av, Quito{RN) 153,000 198,900 15.100 10,000 15
Auto. Norte(RA) 128,000 | 166,400 15300 | 10,000 1.5
Av. Ta(RA) 116,300 151,200 7.800 4,200 -1.9
Auto. Americas{RA) 96,100 124,900 9,300 7,600 12
Auto. El Dorado{RA) 82,600 107,400 9,100 7,600 1.2
Av. Boyaca(RN) 74,600 | 97,000 74001 7,600 [ 1.0
Av. 68(RN) 68,500 | 89,100 6,800 7,600 0.9
Auto, Sur(RA) - 61,300 79,700 - 5,800 2,800 2.1
Auto. Medallin{RA) 47,000 61,100 5,000 2,800 18
Av. Cirucunvalar(RA) 46,000 59,800 4,000 2,800 1.4
Av. Caracas(RA) 45,600 59,300 5,100 4,200 1.2
Av. Centenario(RA) 47,700 62,100 4,800 2,800 1.7

(RN) ; Ring Road Network, (RA) ; Radial Road Network

From the above Table 10.2-2, the following matters are pointed out.

1)

2)

3

During peak hour, traffic volume on almost all the trunk roads in Bogota City

exceeded capacity. The traffic congestion degrees of these roads were about 1.0 to
1.9.

Implementation of some improvement plans for mitigation of traffic congestion,
such as widening of existing road, strengthening of public transport system are
required on all trunk roads in the city of Bogota.

The following four (4) roads, that is, Autopista Medellin, Autopist Sur, Avenida
Centinario, Avenida Cirucunvalar should be especially improved from 4-lane roads
to 6-lane or 10-lane roads in accordance with the road design standards in
Colombia. These existing roads are maintained as 4-lane to 6-lane roads, and
there is sufficient space for widening of these existing roads.

10.2.4. TRAFFIC VOLUME ON THE BOUNDARY OF BOIGOTA

As a result of the Transport Master Plan in Bogota, the socioeconomic framework of the
Master Plan indicated that the population in the surrounding cities will be increased from
800,000 in 1995 to 2,400,000 in 2020. The future travel demand for traffic flows inte
Bogota by persons who dwell outside Bogota will rise to approximately 3 times compared

with in year 1995, Table 10.2-3 shows the traffic volume on the boundary of Bogota. '

The increase of traffic volume in 2020 on the boundary of Bogota is:3.64 times the volume
in 1995. The increase in the northwest, and west directions (Cota, Tenjo, Funza, Mosqura,
Madrid, and Bojaca) is even higher at 3.33 times the volume in 1995. the increase is less in
the south direction (Soacha} because the volume in 1995 is low. The increase in the north
and southwest direction is 3.16 and 2.18 times the volumes in 1995. See Figure 10.2-3.
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Table 10.2-3 Traffic Volume on the Boundary of Bogota by Direction

Direction City Major Reads 1995} 2001] 2010] 2020 2020 Increase Ratio
unit : 100 PCU/day 1000 persons | 2001/1995] 20k011595] 202011995
North Chiz Autopista Norie 153 163 212 428} 124
. Cajica Av. Boyaca Expansion " o185 2 602 160
Total 126 348 483 o 030 284 1,07 1.48 3.16
Northwest Cota Av. San Jose - - - 507 0]
West Tenjo Av. Cota by 246 sie 164 23
Funza Avtopists Medellin 152 309 448 610, ¥ii
Mosquera Av. Jose Celestion - - - 68 9
Madrid Av. Centenario 558 290 359 131 49
Bojaca Autopista las Americas . ) . 920 201
Avenida 1 de Mayo - - 105 287 47
Totl 809 845 1,422 2,696 508 1.04 1.76 333
Southwest Soachs Autopista Sur . 68 10 74 - 148 54
Total L1 70 14 148 34 1.03 1.69 218
South Sumapaz Av. Circunvalar a7 47 52 143 56
Caqutza Autopista &1 Llano 288 343 512 82
Camino d¢ Pasquilla 12 13
Totak 47 335 . 395 672 151 7.13 8.4 14.3
Grand Total 1,250 1,598 2,374 ' 4,546 997, 1.28 19 3.64
. North
Chia, Cajica
103,000 PCU/day
284,000 psns/day
.2 times from 1995
N
Northwest, West /’I
cota, Fenjo -
Furiza, Mosquera
Madrid, Bojaca

Southwest
Soacha

15,000 PCUMay
54,000 psns/day
2.2 times from 1995

Study Area

67,000 PCU/day
151,000 psns/day
14.3 times from 1995

South
Sumapaz, Caqueza

Figure 10.2-3 Traffic and Passenger Volumes on the Boundary of Bogota
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From the above mentioned table and figure, the following observations are derived,

1))

2)

3)

4)

5)

By the year 2020, urban development progress of Bogota city and its surrounding
cities will make these units closer, and these cities will become part of a Greater
Bogota Metropolitan Arca

Economic activitics beiween Bogota and it surrounding cities will be reinforced
rapidly, and the traffic movement between Bogota city and its surrounding cities
will concentrate on the existing trunk radial roads,

Therefore, the existing trunk radial roads such as Autopista Norte, Avenida Suba,
Autopista Medellin, Avenida Centenario, Autopista Americas, Avenida Primera
Mayo, and Autopista Sur should be rehabilitated in accordance with the road
design standards of Colombia as soon as possible.

Cundinamaruca road should be constructod as the: Outer Ring Road of Bogota to
connect to the Autopist Sur, Basa, Kennedy, Fontibon, Suba, and Autopista Norte,

Additionally, Cundinamaruca road will be extended to the Usme direction for the
completion of the Outer Ring Road of Bogota City in the future.

10.2.5. RELATIONSHIP BETWEEN TRAFFIC CHARACTERISTICS AND ROAD NETWORK IN BOGOTA

The future traffic volume projection in 2020 was forecasted in the Master Plan Study. As
mentioned in the Final Report in the Master Plan Study, the assignment of traffic volume
in 1995 and in 2020 on the major existing road network is shown in Figure 10.2-4.
According to this figure, the following items were pointed out.

h)

2)

3)
4)

5)

The traffic volume on the major ring roads such as Avenida Quito, Calle 100, Calle
68 and Avenida Boyaca exceeds the traffic capacity of the road.

The traffic volume on the major radial roads such as Avenida 7a, Autopista Norte
Autopista Medellin Avenida Centenarlo and Autopista Sur exceeds the traffic
capacity.

The traffic volume on the V-3 roads also exceeds the traffic capocity.

Avenida Suba, Avenida Centenario and Autopista Sur have especially heavy
traffic. :

Based on the above, the construction of new roads are required in the sub-urban
area of Bogota, and the existing trunk radial and ring roads should be improved.
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Figure 10.2-4 Future Traffic Volume Assignment on the Existing Major Roads

Based on the analysis of above-mentioned matters, the road network conceptual plan was
~ identified as shown in Figure 10.2-5. The major road network planning concept in Bogota
- was identified taking into account the existing road network, the function and
characteristics of a roads, future socioeconomic conditions, and future land use plan.
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Figure 10.2-5 Road network System Configuraticn
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10.3. NECESSITY FOR INNER RING EXPRESSWAY

From viewpoint of traffic and transport conditions in the city of Bogota, the traffic
congeetion of central arca in Bogota covered by Avenida 7, Calle 100, Avenida Quito and
Calle 6 is very heavy and the traffic conditions of this area will get more critical due to the
increasing traffic volume day by day. The average traffic congeqtlon rate of central area in
1995 was estimated as 0.906, and average running speed in peak hour in the central area
was estimated as about 5 to 7 km/h. .

On the other hand, the road ratio (road area/ total land drea) including trunk roads and
feeder roads of central area is calculated at about 24.5 % and this road ratlo is presented as
comparatively good road ratio among the cities of the world

The land use along the ex1stmg roads in the central area is.classified as business and
commercial area and there are many tall bu1ld1ngs along the ex1st1ng road on both sides.
There is no room to construct of new roads in this area, and it is very difficult to widen the

existing roads due to the many buxldlngs which have been constructed along the existing
roads.

Considering the above mentioned conditions, the necessity for the Inner Ring Expressway
are highlighted as follows:

1) Increasing the traffic capacity in the central area is required.

2) There are some methodologies for increasing the traffic capacities as follows,
a) Widening of the existing roads
b) Construction of new rodds
c) Strengthening' of public transport
d) Implementation of traffic management
¢) Implementation of traffic demand control (TDM)

3) However, it is very difficult to widening of the existing roads and also to construct
new roads because of lack of space for road construction, and the reinforcement of
public transport and implementation of tratfic management plan or TDM were
carried out already in the central area of Bogota.

4}  Therefore, utilization of existing roads for multi-purposes is required to increase

the traffic capacities in the central arca of Bogota. This is the Inner Ring
Expressway -

5) As mentioned in Final Report of the Master Plan Study, when the Urban
Expressway network will be constructed, traffic volume on the existing roads will
be decreased as shown in Table 10.3-1. By decreasing the traffic volume on the
existing roads, sufficient urban activities and good environmental aspects of the
city can be recovered.
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Table 10.3-1 How Will the Traffic Volume on Major Roads Charge when Urban Expressway will be
constructed. (in 2020 pcu/day) '

Road Name Traffic Traffic Changing
Volume with Volume Traffic
Urban without Urban | Volume
. Bxpressway . | Expressway |
1} Av. Caracas -1 42,400 88,700 56,300
2} Av. 7a 45,100 111,500 66,400
3) Av. 7a Nort 15,800 29,700 13,900
4) Calle 11 21,000 30,300 - 9,300
5) Av. Quito 169,700 171,400 1 1,700
6) Calle 100 120,600 157,700 37,100
7) Calle 68 188,000 199,800 1,800
8) Av. Boyoca 101,100 . 122,500 21,400
9) Aut. Norte 224,000 251,300 27,300
10) Aut. Medellin 78,300 79,900 1,600
11) Aut. Dorado 170,100 207,700 37,600
12) Aut, Americas 142,900 197,500 54,600
13} Aut, Sur 73,400 77,600 4,200

10.4. POLICIES AND STRATEGIES FOR PLANNING

Inner Ring Expressway will be constructed using the existing road space or vacant areas of
urbanized area as over passes or under passes of the existing roads. The existing trunk
roads will have trees planted on the median or on the sidewalks of the trunk roads, thus
enhancing the urban and natural environmental conditions. On the other hand, there are
many buildings along the existing road on both sides in the central area of Bogota.

The objectives of construction of Inner Ring Expressway are to mitigate the traffic
congestion in the central area of Bogota and to coordinate the other transport systems such
as bus transport and railway transport systems. Based on the above, the following items are
identified as policies and strategies for planning of Inner Ring Expressway.

1)  To preserve the histerical buildings and monuments

2}  To keep the natural and sociél envirohrﬁent

3 To meet the urban perspective

4)  To meet the future traffic demand and to kef:p the traffic qafety

5 Toi 1mprove the transport syqtcm

In order to achieve the above-mentioned policies, the following study strategies are
identified.

1)  The necessity for Inner Ring Expressway should be recognized by the public.

2)  The relationship between environmental aspects and development of road construction
_should be clarified.

3)  Various alternative studies should be carried out to clarify the situation.

4y  Advertising and announcing plan of Inner Ring Expressway should be conducted.

10.5. PREMISES FOR PLANNING

Based on the following premises for planning, the feasibility study of the Inner Ring
Expressway is conducted.
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)

2)

3)
4)

3)

6)

7)

8)

9

The Study for the Master Plan for Urban Transport of Santa Fe de Bogota was
conducted by JICA during the period from 1995 to 1996. In this Master Plan, the
Urban Expressway Network in Bogota were recommended as the short and long term
plan for mitigation of traffic congestion of Bogota city. The Urban Expressway
Network consists of the Inner Ring Expressway, the 2nd Ring Expressway and four
(4) Radial Expressways.

Of all the elements of the Urban Expressway Network in the Master Plan, the Inner
Ring Expressway project is sclected for implementation in the Feasibility Study for
Urban Expressway devclopment as an urgent plan. The Study route for feasibility
study is actually the Inner Ring Expressway.

The planning target year of the Inner Ring Expressway is adopted as the year 2005.

The dimensions or capacity of elements of infrastructure on the Inner Ring
Expressway such as number of lane required, ltanes width, are determined on the basis
of future traffic volume in 2015.

By the year 2000, the following trunk bus system will be operated.

a)  Avenida Caracas

b)  Autopist Norte

c)  Avenida 80

d)  Ferrocarril Sur 7

By the year 2005, the foliowing trunk bus system will be operated.

e)  Avenida Boyoca |

f)  Autopista Las Americas

g)  Avenida Centenario

By the year 2000, the following trunk roads will be constructed.

h)  Cundinamaruca toll road

i)  Avenida Boyoca extension

The construction schedule of railway project is as foilows,

i) Stage 1 of railway will be completed by the year ZOOS.( Bosa to Centro)
k}  Stage 2 of railway will be completed by the year 2010. ( Centro to Calle 68)

The preliminary design of Inner Ring Expressway is conducted based on the
topographic map of scale at 1 to 5,000.
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