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Chapter 14; Pretiminary Design for Faciities of Trunk Busways.

(5)

Deslgn of Centrat Urhan Bus Terminal

1) Provislons of Vehiclos and Passengers Circulation

The provision for vehicles and passcngers circulation are established as follows:
a) __Provision for Efficient Bus Circulation
The system for cfficicnt bus circulation is defined as follows:

V)

vi)

The major access routes for the lrunk busway system to the central utban bus
terminal are two routes from Avenida Caracas and Aveninda Ciudad de Lima,

These roads provide the most direct access to the bus terminal.

Taking two storied bus terminat buildings into consideration, the bus space for
trunk bus and express bus will be separated.

Major gateways of cach type of bus arc established in Figure 14.4-3, these routes
ar¢ as described.

«  Avenida Caracas gateway route for the trunk bus and express bus:

*+  From Autopista Norte, Avenida 10a and Autopista Sur via Calle 6 1o bus
terminal.

*  Avenida Ciudad d¢ Lima gateway route for the trunk bus only:

*  From Avenida Quito and Autopista Sur via Calle 16 -- Carrera 27 to bus
terminal,

*  The express bus from Avenida Caracas gateway will be directly accessed (o
and from second floor terminal by viaduct.

+  In accordance with construction of expressway, the express bus from Autopista
Sur will cross from Calle 6 to Avenida Caracas by grade separation.

The trunk bus from Autopista Sur to bus terminal will go through Calle16 and
Carrera 27 due to physical difficulty of Avenida Cuidad de Quito fly-over.

Arrival and departure areas are not separated in the bus terminal area.

Entrance to/from Avenida Caracas and Avenida Ciudad de Lima wili be controlled
by signalized intersection,

b)___Provision for Efficient Pedestrian Circulation

The syslem of efficient pedestrian circulation is defined as follows:

i)

iii)

The cmbarkation area of the express bus will be provided with waiting space for
passengers who have passed through a ticketing office, Each departure berth will
have a designated waiting arca and departure door. The debarkation area of the
express bus will lead passengers into the terminal building.

Passengers who are transferring from each type of bus, and walking to any of the

other surrounding areas, will be directed to their destination via the large open area
of the terminal.

The terminal will be a two storied structure: the second floor is for the usc of
express bus space, and the ground floor is for the use of trunk, local bus and other
public space. Those passengers transferring to the express bus, trunk bus and the
local bus will use the pedestrian elevators, decks and bridges.
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w) Passengers who require taxi scrvice or private car from the terminal arca will also

be ditected to the taxi space and car parking space on the geound floor,

¢) _Provision for Efficient Pedestrian Access to and from the Surrounding Arcas

The central wrban bus terminal will not only direct bus passengers. It also will
facilitate pedestrian traffic for those pecople who will walk to and from the surrounding
arcas, From bus terminal, access to the commercial, officc and markel area, the
pedestrian environment shall be improved in ordes to ensure their safety and enhance the
commercial funclion in this arca, Thercfore, fricndlier atmosphere will be provided in

order to improve overall traffic environment by introducing pedestrian mall and green
area,

2) Notles on Construction of Bus Terminal

‘The arca defined by Ave. Jimencz, Ave, Lima, Ave. Caracas and Carrcra 19 was judged to
be the most appropriate for the construction of this terminal.  Note however that there arc
certain problems still to be resolved concerning this location.  Planning and design in the
future must be with due consideration of the following points:

a)

b)

There are building structures to be preserved dotted around the arca,  If possible,

such buildings may be prescrved as a monument of the terminal or transferred to
other appropriate places.

Currently, a plan of redevelopment is on going. It is necessary to justify the plan,
which can coexist with and match the concept of the redevelopment plan for the arca
concemned. The land use and construction plans must meet the requirements of
residents and bus users in the surrounding arca for improved convenience.

This location may be said to be the area most appropriate for construction of the
central bus terminal because of the improved convenience through strengthening of
the mutual accessibility between the existing bus terminal and metro station,
availability of the wide vacant lot, etc.

The plan of the central urban bus terminal and perspeciive arc shown in Figure 14.4-4.
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oo

Figure 14.4-5 Perspeclive View of Imaged Central Urban Bus Terminal
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14.4.2. SUBURBAN BUS TERMINAL

The suburban bus terminals will be located near peripheral arcas.  The subusban terminals
will be constructed at terminals and transfer points and used by scveral bus routes or
between local buses.

{1}  Major Functions of Bus Terminal
‘Fhe function of the suburban bus terminal is as follows:
1) End terminal of cach trunk bus route.

2)  Transfer points among trunk bus routes, express bus and local bus routes
(2)  Location of Bus Terminal

' 1) Selection for Location of Bus Terminal

Appropriate sites were chosen for considcration around statt and end points of the trunk
bus service shown in Figure 14.4-6. The locations will be sclected taking into the
following viewpoints:

a) Lands where other use plans are already undcr way,
b) Lands where there arc alrcady structures, and
¢) Lands where planning is restricted as a green feserve area,

In addition, the laws werc also observed. The permits are given for construction of
particularly necessary public facitities considering their public importance (Law enacted in
Dee. 29,1994, Article 920. Law enacted in Aprit 16,1997, Article 271):

On the basis of the site survey and the qualitative assessment of strong points and weak
points of each alternative, similar to the method of selection central bus terminal, the
appropriate locations were selected. The items for assessment arc; a) capacity depends on
bus demand, b) accessibility of major road, ) conneclion of Mctro stations, d) permission
of usage of preservation arca, and ¢) possibility of land acquisition. From this assessmenl,
desirable locations are shown in Figose 14.4-7,

2} Function of Bus Terminal

The major function of the suburban bus terminal plan is almost the same as the central
urban bus terminal as discussed in Table 14.4-2. The facility is only for transfer and
terminal functions are provided with limited services for transfer of passengers. In 2000,
the basic function will be available for bus operator and passengers. In 2005 and after,
the bus terminal will fully function with additional service facilities.
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Figure 14.4-6 Altematives for Location of Suburban Bus Terminals
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(3) Development Needs of Bus Terminal Area

1) Number of Berths and Area Requlred

‘The development needs of suburban bus terminal area were determined by the same
method as for the central urban bus tesminal.  The required number of bus berths and land
area are shown in Table 14.4-4.

Table 14.4-4 Development Needs of Suburban Bus Terminal

No]  Location of Bus (buses/P.H) - Bus benhs? Area{m’)**
bus termiazl | Local | Trunk |Expresq Total | Local } Trunk |Expresq Spare | Total | Local | Trunk [Expresy Spare | Tedal
1 Autopista Norie 235 88 2] M3 2 ! ] 3 229 172 MY 430 97
Az Ta 0] 160 0] - 160 Ly 3 0 1 Ll o] 312 0O 196] 508
3|Calle 170 0] 162 - 0] 182 0 3 ) 1 4 0] 316 ] 196  Si2
HAve, Suba 297 79 0| 376 2 1 0 2 6f 2000 154 0] 392 83
3 Calle 80 67 % 6] 172 1 2 1 3 [ 658 193] 196] 430 824
6] Ave, Ceatenario 5H - H 1 97 1 | 1 3 6] 117 86|  196]  430] 829
7| Ave. Americas 107 26 4] 137 1 I 1 3 6] 1634 187 196) 430] 847
8] Autopista Sur 7] 263 8] 39 1 1 3 3 b 51y 523 d30] 1,588
9] Ave. Boyaca 250 113 13 3 2 2 1 3 8] 24 220 196]  439) 1,0%0
10jAve. 102 237 4 - oF 289 2 1 0 2! st 234 ) o] 392 A

Note: *; Time of bus dispatching and turnover (T.O) by bus 1ype; 1 tocal bus= 0,5 minloading, 120 T.O, Lirunk bus =
1.0 min/loading, 60 T.0, Express=2.0 minooding, 30 T.O. Ratio of passenger oocupancy will be established at 30%.
** Area of bus berth by type; Eocaltrunk=6.50x18 0m=117.0im> Express=7.0x28.0m=196.0m*

2) Area Required for Public Service Facilities

Regarding the arca required for public service facilities, the area required for public service
facility will be determined according to the scale of bus berth as shown in Table 14.4-3.
The area for each suburban bus terminal is shown as below:

a) Autopista Sur: 7,400 m’.
b) Others: 5,500 n’.

3) AreaRequired for Others

As to the arca required for other facilities, thesc areas were established with the sanme
method as for the central usban bus terminal; the area of pedestrians(footing} is equivalent
10 20% of the proposed total arca of bus terminal, and the area for vchicle way space is
equivalent to 10%.

4) Total Area for Suburban Bus Terminals

From the above, the total arca for each suburban bus terminal is summarized in Tablc
14.4-5.
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Table 14.4-5 Total Area for Suburban Bus Terminal

No.|Location of Bus Termir Areatha)
1| Autoplsta Noste 1.0
21Ave. 7a 0.8
31{Calle 170 0.8
4iAve. Suba 0,9
5|Calle 80 0.9
6]Ave, Centenario 0.9
T{Ave. Americas 0.9
8| Autopista Sur 1.7
9|Ave. Boyaca 1.0

19]Ave. 10a 4.9

{4) Design of Suburbah Bus Terminat

The plan for the typical design of suburban bus terminal is shown in Figure 14.4-8.  This
plan is the largest scale of suburban bus terminal of Autopista Sur. The plan of other
suburban bus terminals can be imaged, by reducing arca of bus parking space. The
provision of vehicle circulation in bus tcrminal of Autopista Sur is shown in Figure 14.4-9.
Figure 14.4-10 shows the perspective view of imaged suburban bus terminal,
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Figure 14.4-8 Plan for Typical Design of Suburban Bus Terminal
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Figure 14.4-9 Vehicle Circulation in Bus Terminal
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Figure 14.4-10 Perspective View of Imaged Suburban Bus Terminal
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14.4.3. Bus U-TurN FACILITY

The bus U-turn facilitics are built at end route of trunk busway for U-tuin and bus parking
along a curb, These facilitics also have a function for terminal and transfer points between
trunk and local buses. The U-turn facility is planned on the following conditions:

* Difficulty to acquire sufficient space for bus terminal al the end of routes
» Easc of acquiring sufficicnt space within cxisting road space for U-turn

Figure 14.4-11 shows (he locations of planned U-turn facilitics. Thesc U-turn facititics
arc classified into 1wo (2) categorics by year of construction.

1) Three (3} U-tuen facilitics to be completed by 2000
2) Two (2) U-turn facilities to be completed by 2005

“The three(3) U-turn facilities will be constructed by 2000. One of these facilities is
planned between Av, Lima and Av. Jinienez as mentioned in Scction 14.4.1, which will be
replaced by the central urban bus terminal by 2005. The other two facilities will be
located at the intersections between Autopista Norte and Calle 170, and between Av. 13
and Av. 100. The detailed ronte management is shown in Figure 14.4-12.

In 2005, two (2) U-turn facilitics will be added in accordance with bus route network.
The detailed route arrangement is also as shown in Figure 14.4-12,

LEGEND

HlBus U-tum facilties constructed by 2000
@Bus U-turn facilities constructed by 2005

Figure 14.4-11 Locations of Bus U-Tum Facility
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14.5. TRAFFIC SAFETY FACILITIES

With a vicw to casuring safety of passengers for the trunk busway and other traffic systems,
it is necessary (o install traffic safety facilitics. The traffic safety facility for passengers
shall be installed in order to ensuse their safety of crossing at bus stop.  On the other hand,
the trunk busway usage witl be signaled to drivers of other traffic by overshead lane
direction signs (gantry and pedestrian bridge), vasiations in lane color, and lanc-use
designators or location of bus slop on carriage-way (road marking, traffic reflector and
chatter bar). As a general rule, overhead lane direction signals will be provided at the
major interscctions and interchanges.  Besides, the trunk busway usage will be notified by
variations in lane color and road marking. In the arca outside the trunk busway section,
guide sigas will be installed about 100 meters upstream from trunk busway scction in order
1o warn drivers of other traffic.  The traffic safely facilitics are shown as below:

1) Traffic signal light for passcngers crossing.
2)  Guides signboard for passengers crossing.
3}  Overhead lane direction sign.

4) Road marking.

S)  Traffic reflector

6) Chatter-bar.

7 Guard fence.

1) Traffic Safety Facilities for Passengers

The traffic safety facility is composed of traffic signal lights and guide signboards for
passengers crossing at bus stop on median. These safety facilitics are provided for bus
stops or trunk bus at signalized intersections. The traffic sigaal light for passengers
crossing is installed at the entrance and exit of bus platform. The guide signboard is
functioned to warn passengers by lamp indicator, such as “walk” and “Stop”. This safety
facility is shown in Figure 14.5-1,

2} Traffic Safely Facility for Other Traffic

The teaffic safety facitity for other fraffic shall be installed in order to protect from
cotlision of bus stop facility and buses. These safety facilities include overhead lane
direction signs, road marking, traffic reflector, chatter-bar and guard fence.  Figure 14.5-1
shows the safety facilities for other traffic.
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14.6. PRELIMINARY DESIGN CONSIDERED ENVIRONMENT ASPECT

In the express and trunk busways, the full segregated structuce from private mode is
proposed in the Study. Especially, the structure type of express busway on Av. Caracas
proposes a lype of viaduct steucture with utilizing a road space on Av. Caracas,
Environmental aspect such as usban landscape and noisc pollution was considered in the
prcliminary design stage of the viaduct structure, The mitigation measures for the
cnvironment was studied in the related Chapters. In this Section, the measurement in the
preliminary design stage is summarized.

(1)  Viaduct Structure and Landscape

The viaduct busway with a width of 18m is planned on Av. Caracas in which road width is
approximately 40m. The clearance between a side of viaduct structurc and road side
building is approximately 15m. Although it is not desirable to construct the viaduct in the
place 1o be 15m away from buildings, a distance of 10m or more will be acceptable.

As for a visual impact whea pedestrians look up the viaduct from sidewalk on Av. Caracas,
in general, people feels tolcrable when their cyesight area within 60 degree of view angle
are covered by the buildings. Since the eyesight is within 30 degree on Av, Caracas, it can
be said that there is no major visual damage from the viaduct structure.

Noisc batrier made of transparent board with Sm high is installed on the viaduct to mitigate
visual impacts from road side buildings, i.c. it is possible to indircctly visualize running
vehicles on viaduct.

{2)  Pier Type of Substructure and Aesthetics

In order to maintain a particular visual spacc along roadside, the degree of height of the
bridge piess is higher, in contrast to that of normal design. Although in genceral, a clearance
on roads is enough for 8m, the clearance between carriageway on the viaduct structure and
on Av. Caracas is approximately 11m, taking into account the visual space.

The design of bridge pier harmonizes with tandscape near surrounding area. The surface of
pier is covered with bricks.

(3) Road Structure and Mitigation Measures .

Daylime noise level in 2015 along Av. Caracas is estimated at 70 — 75dBA on receptor
position (the boundary between public and private property with 1.0m high from ground
level). These figures are stightly higher than the standard value in the commercial land use
area. In order to decrease the noise level, noise barriers are provided on the viaduct
structure, while not installed on grand level on Av. Caracas duc to no space for installation
of barrier. Even though noise barrier are provided on the viaduct, the level stightly
decreases by 2dBA on pedestrian walk, while places on two or three floors in building are
sufficicnily effective. From this point of view, noise barriers with Sm high are proposed on
the viaduct structure on Av. Caracas.

{4)  Trunk Bus System and Environment

The trunk bus system project has effectiveness for decrease of bus traffic volume and at
same time, traffic congestion in Bogota is improved. As a result of improvement of traffic
congestion, noise and air pollution are improved. It will be said that the trunk bus system
project is a project for environment improvement.

In future, the express busway with viaduct structure on Ay. Caracas is strongly proposed
for designing the structure to accommodate future rail teansit like a LRT. This project will
produce good cnvironment conditions.
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{5) Express Busway and Proservation

DAPD surveys and summarizes major historical, cultural, monumental buildings or
facilitics to be prescrved. According to reports by DAPD, in Bogota there are many
presceved buildings and facilitics nominated by DAPD. Those buildings arc summarized in
the Drawing Report in the Study report.

Since the clevated express busway is constructed on the same road site as that on Av.
Caracas, it is not nccessary 1o purchasc for additional land acquisition, The removing or
demolition of the prescrved buildings and facilitics nominated by DAPD does not occur for
this design concept.
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15. PRELIMINARY DESIGN FOR INNER RING EXPRESSWAY

In previous section 11, three (3) Alternative Route Plans such as Route-1, Route-2 and
Route-3 were identified, and the Alternative Route-3 was sclected for the route of Taner
Ring Expressway (IRE) in section 13. The preliminary design is casticd out based on the
Alternative Route-3, located on the fotlowing cxisting roads,

1)  On the Avenida 7a (Scction between Calle127 and Calle 100)

2)  On the Calle 100 (Scclion between Avenida 7a and Catrera 15)

3)  On the Avenida Quito (Section between Carrera 15 and Calle 6)

4)  On the Calle 6 {Section between Avenida Quito and Avenida Caracas)

151, DESIGN CRITERIA

15.1.1. DESIGN STANDARDS

In Colombia, they have 2 design manuals: road design standards namely “Manual de
Diseno Geomeltsico para Carreteras® and “Manual para ¢l Diseno de Pavimentos Flexibles
de Santa Fe de Bogota”. However, when a new road is designed, the American road design
standards namecly “A Policy on Geomeiric Design of Highways and Strects (by

" AASHTO)” is gencrally adopted. In determining the geometric design clements to be
adopted in this study it was decided to refer three design manuals: the Colombia design
manual, the American standards, and the Japanese design standards. The major geometric
design elements arc compared below.

M

The comparison of minimum radius of horizontal curve among the above standards is
shown in Table 15.1-1.

Minimum Radius of Horizontal Curve

Table 15.1-1 Comparison Table of Minimum Horizontal Curve

{2)

The comparison of maximum longitudinal grade on flal terrain among the three standards
is shown in Table 15.1-2. The minimum longitudinal grade is adopted at 0.3 % to 0.5 %,

Design Speed | Colombian | American | Japanese | Remarks

40 kayh 50 m 60 m 60 m B
60 kayh 120 m 150 m 150 m

80 kmyh 235 m 280 m 280 m

100 km/h 415 m 490 m 460 m

Maximum Longitudinal Grade

considering the drainage conditions of the carriageway.

: Tab}é 15.1-2 Comparison of Maximum Grade

Design Speed | Colombian American Japanese Remarks
40 kmyjh 7-11 % - 7-9% 7 -9%
60 km/h 6-8% 6-8% 6 -8%
80 knvh 4-6 % 4-5% 4 -5%
100 kanvh 3-5% 3 -4% 3-4%
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(3) Passing Sight 6islance
The passing sight distance among the three standards is summarized in Table 15.1-3.

Table 15.1-3 Comparison of Sight Dislance

Design Speed | Colombian | American Japancse Remarks
40 knvh 200 m 285 m 150 m
60 kavh 300 m 407 m 250 m
80 km/h 400 m 514 m 350 m
100 kmv/h 500 m 610 m 300 m

{4}  Design Speed

There are no standards in Colombia regarding design speed for urban expressways. The
design speed (At-grade type) on roads is generally used as 80 kni/h to 110 km/h.  The
design speed of urban arterial steeets in American and Japancse standards is usually not
tess than 80 kmy/h and 60 km/h to 80 km/h, respectively.

Taking into account the existing road alignment and road side facitity conditions, functions
of the IRE, the above mentioned criteria, and the building conditions along existing roads
(possibility of demolition of buildings), the 60 km/h to 80 kmy/h design speed is adopted for
the IRE.

(5)  Vestical Clearance

According to the Colombian road design manual and Japanese road design standards, the
vertical clearance for vehicles is identificd at 4.5m, and many existing bridges in the city of
Bogota are constructed with a clearance of 4.5m. The vertical clearance adopted in the
Study is 4.5m for the IRE. ' '

15.1.2. GEOMETRIC DESIGN ELEMENTS ADOPTED IN THE STUDY

Based on the results of ficld reconnaissance survey on the exisling roads, facilities and
building conditions along the roads, as well as environmental conditions along the roads,
the preliminary design of the IRE is conducted. As the result of preliminary design, the
geometric design elements adopted for the 1RE are shown in Table 15.1-4. The minimum
geometric standards on the 60 kmy/h design speed are shown in “Remarks” column in this
table. '

Table 15.1-4 Element of Geometric Design Adopted for IRE

Items Unit | Elements Remarks
Mini. Curvature ) 150 120 to 150
Max. Grade{Road) % 238 4t06

Max Grade(Ramp) % 6.0 6108
Mint. Grade{Road) % 0.5 03t00.5
Mini. Grade{Ramp) Yo 0.5 0.3to D5
Superelevation . % 2.0 1.5t02.0
Stopping Sight Distance m 85 .

Vertical Curves (sug.) m: 1,500

Vertical Curves ( ciest) m 2,000

Lateral Clearance{Right) m 1.0

Lateral Clearance{Left) m 0.5

Vertical Clearance m 4.5 4.5
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15.2. TYPE OF ROAD STRUCTURE ADOPTED.

In gencral, three (3) different road structure types for the urban expressway: At-grade type,
Viaduct type, and Tunne! type can be considered. The at-grade type is a road constructed at
the same level as that on existing roads. The viaduct type is a road construcicd for use over
the space of the cxisting roads. The tunnel type is a road construcicd for usc under the
space of cxisting roads. As mentioncd previously, the fnner Ring Expressway (IRE) uses
the space of the cxisting road areas, because there is no room to construct the IRE along
the existing roads, as well as to utilize the existing road facilitics. In this scction, three (3)
road types arc studicd to select the optimum road structure type for the IRE taking into
account of the existing road facilitics or structures conditions, as well as considering the
preservation of the natural and social environmental aspects.

15.2.1. EXISTING ROAD FACILITIES ON AVENIDA QUITO.

The route of the Alternative Route-3 is located on the existing roads of Avenida 7a, Calle
100, Avenida Quito, and Calle 6. The major intcrsections located on Avenida Quito ate
constructed with grade-separated intersections as shown in Table 15.2-1, and Figuee 15.2-1,
respectively. The minor intersections located on Avenida Quito are at-grade type with or
without signal.

The above mentioned over-bridges are constructed using pre-stressed concrete (PC) type
with four or five spans as shown in Figure 15.2-2 and Figure 15.2-3. The distances
between bridge picrs are about 15 meters to 20 melers, and these picts are constructed on
pile foundations with about 40 meters pile lengths.

In addition to the over-bridges, there are many pedestrian bridges constructed using PC
* structuse with three and four spans. These pedestrian bridges are located at intervals of 500
to 600 meters along Avenida Quito.

Table 15.2-1 Intersection Type on Avenida Quito.

Location of | Dislance -of | Type of Intersection Remarks

Intersection Intersection (rh) '

Call100 and Av.7a Over-bridge by Calie100

Calle 100 and Ve 1,250 Tunnel by Av. Quito

Quito

Av, Quito and Avlo. 1,350 Over-bridge by Auto.

Norte Norle .

Av. Quito and Av. 80 1,100 Over-bridge by Av. 80

Av. Quito and Calle 72 950 Over-bridge by Calle 72

Av, Quito and Calle 68 550 Over-bridge by Call68

Av. Quito and Calle 53 1,050 Over-bridge by Call53

Av, Quito and Calle45 900 Over-bridge by Calle 45

Av. Quito and Calle 28 250 Over-bridge by Call28

Av. Quito and EL 600 Over-bridge by Av.

Dorado Quito

Av., Quito and 350 Oves-bridge by

Americas Americas

Av. Quito and Av.Lint 950 Over-bridge by Av. Lima

Av. Quito and Calle §3 600 Over-bridge by Va.
Quito
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Name of | Name of | Over-
Main Cross Pass General View of Over Bridge.
Road Road Read
Av. Ta
{calle |Calle 100] Calle 100
100-116)
Cslle 100
g:ge:;g% Av. Quito| (under
q pass)
. Auto Auto
Av. Quito Norte Norte
Av. Quito| Av.80 | Av. 80
(_‘,‘6“‘-"11
Av. Quito] Calle 72 | Galle 72
v. Gu alle alle To i) E!*Li_-—
rt wee. 1 oo J_ s T
Av. Quito| Calte 68 | Calle 68 T .
Av. Quito] Calle 63 | Calle 63

Figure 15.2-2 General Profile of Over-bridge on Avenida Quito(1)
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Name of | Name of | Over
Main Cross Pass General View of Over Bridge
Road foad Road
Av. Quito| Calle 53 | Calle 53
Av. Quite| Calle 451 Calle 45
Av. Quite| Av. 28 Av. 28 \
L 3 T -
8
.. | Calle 26 .
Av. Quite (Borado) Av. Quito
- i
A
A Aut B '-
Av. Quito uto uto

Amencas| Americas

WRRIERE) BN RRE EEN)! -

Towne [ome Twwl we T ww T

Av. Quito

Av. Lima | Av. Lima

Av. Quito

Calle 13 | Av. Quito

Figure 15.2-3 General Profile of Over-bridges on Avenida Quito (2).
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15.2.2, SELECTION OF ROAD STRUGTURE TYPE FOR INNER RING EXPRESSWAY (IRE)

As mentioned previously, the evaluated structure fype is cmployed. The major reasons of
the sclection are as followings.

(1) Regarding to At-grade Road Type

In case of the at-grade road type, the total road width needed for 4-lanc dual carriageway
without sidewalks is about 20 meters. In spite of the fact that Avenida Quito has the 60
meter’s right of way, there is no room to construct the IRE on the existing roads. This is
because many office or commeicial buildings and housing are located along the Avenida
Quito, and it is very difficult to demolish these buildings. Considering the condition of
these buildings along the Avenida Quito, the at-grade road type should be climinated as an
oplion for the IRE.

| (2) Regarding to Tunnel Road Type

In case of the tunncl road type, the IRE would be constructed using the space under the
existing Avenida Quito. However, there are many over-bridges with multiple span which
are to be constructed {span length is about 15 meters to 20 meters cach) with pite
foundation using about 40 meters pile lengths on the Avenida Quito as shown in Figure
15.2-2 and Figure 15.2-3, If the tunnel type road will be constructed, the road should be
constructed in a depth of 50m or more below the existing ground level. Considering the
conslruction method of tunnel, tocation of on-off ramp, and the economic aspects, it is very
costly and difficult to construct the tunnel type under the Avenida Quito.

3} Regarding to Viaduct Road Type

If the viaduct road type is adopted, the IRE will be constructed over the space of Avenida
Quito. The IRE should also pass over the existing over-bridges which are located at the
major intersection on the Avenida Quito as shown in Flgurc 15.2-2 and Figurc 15.2-3.
Since the planning height of the IRE (Pavement height) is required to keep a clearance of
14 melers above Avenida Quito to cross over those bridges, the natural and social
environmental aspects should be carefully considered.

15.3. ALIMENT DESIGN

The alignment dcsngn consists of two categories: honzonlal and verlical. The horizontal
alignment design is carricd out based on each road segment, because cross section clement
is different by each road segment. The horizontal alignment should be met to the following
conditions.

1}  Location and conditions of plantations on median and sidewalks.
2}  Building conditions along the road

3)  Land usc conditions éiong the road

4)  Width of Carriageway

S)  Width of median and Sidcwalks

6) Viaduct structure type

7) Location of railway

8) Location of wates supply pipe

9)  Electric power line
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The vetical ali ignment design is carricd out by examining the vertical clearance of existing

over-bridge heights, conditions of the over-bridge stiuctures, and the future development
plan for construction of over-bridges or pedestrian bridges.

15.3.1. ALIGNMENT ON AVEHIOA 7A { SECTION BETWEEN CALLE 116 AND CALLE 100}

(1) Horizontat Alignment

The cross section elements of Avenida 7a (road section between Calte 116 and Calle 100)
is influenced by the following facilities or cross scction elemenis as shown in Figure
15.3-1.

1) 5.0 meters sidewalks are located on both sides of road.

2) 1010 20 meters tall trecs are planied on median and ouiside medians,
3) There is no plantating on the sidewalks.

4) The military school is located on both sides of the road.

5) There are many housing buildings along both sides of the road

6) There is a 24 inches water pipeline.

Considering the above mentioned road facilities and cross section clements, two alternative
alignment plans: Alternative-A and B are identified as shown in Figure 15.3-1. As a result
of comparative examination, Alternative -A is sclected for the horizontal alignment of the
IRE. The three-dimension scction of Alternative-A is shown in Figute 15.3-2 and Figure
15.3-3 illustrating the layout. The major reasons selected are as follows;

1) The existing three (3) lines of road plantings on the median should be removed
under Alternative-A. However, new planting can be installed on both sides of the
sidewatks. Since these planted trees which are located along the existing road can
cover the structures of IRE, the influence of landscape in the urban area is decrease.
From the view points of the landscape conditions, Alternatives A and B are aimost
the same in the influence of landscape.

2) There will be about 15 to 18m space between the IRE and the buildings under
Alternative-A. However, Alternative-B can only provide less than 10 meters. From
viewpoints of the inhabitants along the Avenida 7a, Alternative-A is better than
Alternative —B. Additionally, from the standpoint of the protection from noise and
air pollution, Altcrnative-A has less effect than Alternative-B.

3} From wcw;}mnls of the construction cost and construction method, the cost undcr
Alternative-A is lower than Alternative-B.

(2}  Vertical Alignment

At present, there is no over-bridge on Avenida 7a in the segment between Calle 116 and
Calle 100. However, a pedestrian bridge for pedestrians who cross the trunk busway will
be needed on Avenida 7a, for traffic safety of pedestrians. Considering the above-
mentioned conditions, the proposed road height of IRE will need at a clearance of 11.0m or
more above the existing pavement of Avenida 7a. Taking into account the following
structure’s clearance or beam depth, the 11.0m clearance is required.

a) Vertical clearance of vehicle on Av, 7a: 45m
b} Clearance for maintenance of Av.7a: 0.5m
¢} Beam depth of pedestrian bridge: f0m
d) Vertical clearance for pedestrian: 2.5m
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¢} Clearance for pclicslrian bridge: 0.5 m

fy Beam depth of Inner Ring Expressway: 20m

g) Total clearance required: 1L.0m

1. AVENIDA 7a. ( Calle 116 - Calle 100 )
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Figure 15.3-1 Allemative Alignment Plans on Avenida 7a
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Figure 15.3-2 Three Dimension Plan of Alternative-A{1}
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\

Figure 15.3-3 Three Dimension Plan of Alternative-A on Av.7a
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15.3.2. ALIGNMENT ON CALLE 100 { SECTION BETWEEN AV, 7A AND CARRERA1S)

(1)  Horizontal Alignment

The typical road cross section of the existing Calle 100, at the segment between Avenida
7a and Carrera 15, is under the following conditions as showa in Figure 15.3-4,

1)  8-lane dual carriage way with 7.50 meters width of sidewalks on both sides.

2) 10 to 20 meters tall trees are planted on median and outside medians, at intervals of
about 5 meters to 10 meters.  There is also planting on the north-side of sidewalk.

3) The median width changes from 10 meters to 6 meters,

4) There arc many tall buitdings along the south-side of the Calle 100, and military
school and housing are located on the north-side of road.

Considering the above road facilities conditions, the two (2) alternative alignment plans
such as the Alternative-A and B are identified as shown in Figure 15.3-3, As a resull of
comparison study, Alternative-A is selected for alignment of IRE. The major reasons for
the selection are as follows;

1) If either Alternative-A or Alternative-B will be constructed, the two lines of
_planting located on central and outside medians, shoutd be demolished, however,
Alternative-A requircds to demolish the ‘planting on the central median only, From
viewpoint the preservation of natural environment, Altemative-A is better than the
Alternative-B.

2)  When new trees will be plantéd on the south-side of sidewalk, the structure of IRE
will be screened from the view of the inhabitants who are living along the Calle
160 by these trees.

3) From viewpoints of noise and air pollution, the Alternative-A is better than
Alternative-B, because there will be about 20 melers space whereas between the
IRE and the buitdings which are located along Calle 100, Alternative-B provides
less than 10 meters, ' '

Figure 15.3-5 and Figure 15.3-6 show the plan of Alternative-A in manner of a
stercoscopic 3-D view illustrating the fayout.

(2)  Vertical Alignment

At present, there is no over-bridge and pedestrian bridge on the existing Calle 100 in the
segment between Avenida 7a and Carrera 15, Considering the construction of a future
pedestrian bridge under the same conditions of the Avenida 7a, the proposed height of IRE
is identified at 11.0 meters over the existing pavement of Calle 100.
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1. CALLE 100 { Sectlon Av. 7a - Carrera 15)
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Figure 15.3-4 Location of Aliemative Alignment Plan on Calle 100.
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Figure 15.3-5 Three Dimension View of Alternative-A on Calle 100 (1)
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Figure 15.3-6 Three Dimension View of Allernative-A Plans on Calle 100 (2).

91



I . - ... Chapler 1% Preliminary Design K Inner Ring Expressway,
15.3.3. AUGNMENT ON AVENIDA QUITO ( SECTION BETWEEN CALLET00 AND CALLEGB)

{1}  Horizontal Alignment

The typical cross section of existing Avenida Quito at the scgment between Calle 100 and
Calle 68 is under the following facilitics conditions as shown in Figure 15.3-7,

1) The right of way (ROW) varies between 50 meters to 68 metess, and the number of
lancs also varies from 6-lane to 10-lanc in both directions depending on the road
scgments.. : '

2) At the center of the existing road, the railway runs on a single track The width of
raifway arca varies from 15 meters to 24 meters. At present, there are no
projections for the future, however, discussions of future plans (how to use the
railway arca ) have just started between the central Government, Santa Fe de
Bogota and related agencies.

3)  According to the “ Decreto Numero 317, Mayo 29 1992 “, the existing railway arca
will only be used for introduction of a public transport system.

4 In the Avenida Quito portion of this segment, there arc a few planted areas in the
railway arca, however, the trees are very small.

5) land use atong existing road is almost all in housing, deevcx,' there are a few
office buildings along the road. These housing and office buildings are constructed
according to a set-back. '

6) The 60 inches waler pipe line is also constructed in the road area.

Considering the above mentioned facilities conditions, two (2) alternative plans for
alignment of the Inner Ring Expressway such as Alternative-A and B as shown in Figure
15.3-7 arc identified. As the result of comparison study between the {wo alternative plans,
Alternative-13 is selecled, and the major reasons for selection are as follows;

1) The future development plan for the use the railway arca is not decided yet,
however, when the Inner Ring Expressway will be constructed in the railway area,
other public transport systems will not be introduced in this area. Considering the
importance of future public transport systems, the utilization of existing railway
arca is avoided in this study.

2)  When trees will be planted on both sides of sidewalk, the Inner Ring Expressway
will be screened from inhabitants living along the Avenida Quito. This is desirable
from viewpoint of preservation of natural environmental aspects. The three

dimension (3-D) section of Alternative-A is shown in Figure 15.3-8 and Figure
15.3-9.

{2) Vertical Alignment.

As mentioned previously in Section 15.2, there are many over-bridges and pedestrian
bridges on the existing Avenida Quito, and the IRE should be passing above the existing
over-bridges and pedestrian bridges. When the IRE is passing over the existing over-
bridges, the proposed height of the IRE should be kept at 14.0 meters over the existing
pavement height of Avenida Quito. The details of 14.0 meters needed are as foltows:

1)  Vertical clearance of vehicle on Avenida Quito........cecvinininns 4.5m
2) Clearance for maintenance for Avenida (0110 T 0.5m
3)  Beam depth of over-bridge oo 20m
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9
5}
6)
7
8)

Depth of pedestrian bridge: including above a), b}, and ¢)
Vertical clearance for over-bridge oo 43 m
Clearance for maintenance of over-bridge....ovnivninnnnn, 0.5 m
Beam depth of over-bridge i, s 2.0M

Total clearance needed. ... preereeereriaanarens v 140 m
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Figure 15.3-8 Three Dimension Plan of Alternative-B on Avenida Quito (1)
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Figure 15.3-2 Three Dimension Pian of Alternative-A on Avenida Quito {2)
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15.3.4. ALIGNMENT ON AVENIDA QUITO { SECTION BETWEEN CALLE §8 AND CALL B1)

(1) Horizontal Alignment

The typical cross section of the existing Avenida Quito, of the road segment beiween Calle
68 and Calle 51, is under the following facilitics conditions as showa in Figure 15.3-10.

1)  The three lines of road plantatings ate provided on the central median and on both
sides of canal, and these trees are about 10 to 20 meters tall.

2)  The right of way { ROW ) width is about 66 mcters to 68 meters with 6-lane for
passing through lancs and 4-lane for frontage roads.

3) The width of sidewalks is about 3.5 metess of both road sides.
4) - The electric power line is located on the outside median. |
5) These is a canal with 15 to 18 meters width at the west side of the through tane.

Considering the above mentioned facilities, three (3) alteérnative plans for location of
horizontat alignment, Alternative-A, B, and C arc shown in Figure 15.3-10. As the result of
comparalwc study, Alternative-B is selected. The three-dimension section of Alternative-B
is shown in Figure 15.3-11 and Figure 15.3-12, and the photo montage of the Alternative-B
is shown in Figure 15.3-13 for easy undcrslanding of the IRE. The major reasons for
selection of alternatives are as follows;

1) From viewpoints of landscape aspects, Alternative-A provndes a large open space
(about 20 meters on both sides) from the housing or office buildings unlike the othes
allernatives.

2) From viewpoints of the prescrvation of natural environmental aspects, the trees on
median should be demolished under Alternative-A. However, re-planting of the trees
al the outside median should take place, then the IRE wilt be screened by these re-
planted trees,

3) From viewpoints of noise prolection conditions, Alternative-A is better than the other
alternatives because there will be wide space between the buildings which are located
along the Avenida Quito and the IRE.

(2) Vertical Alignment

The vertical alignment is adopted following the same conditions as the previous segment
on Avenida Quito.
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4, AVENIDA QUITO ( Section Calls 88 - Calla 51)
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Figure 15.3-10 Location of Allernalive Alignment Plans on Avenida Quito
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Figure 15.3-11 Three Dimension Plan of Alternative-B on Av. Quito {1)
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Figure 15.3-12 Three Dimension Plan of Alternative-B on Av. Quito {2)
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Figure 15.3-13 Photo Montage of Alternative-B on Av. Quilo
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15.3.5. ALIGNMENT ON AVENIDA QUITO {SECTION BETWEEN CALLEST AND CALLE 6)

(1) Horizontal Atignment.

The typical cross section of existing Avenida Quito on the scgment between Calle 51 and
Calte 6 is under the folowing road tacilitics as shown in Figure 15.3-14,

1) The SO mcter right of way with 6-lancs for passing through lanes and 4-lanes for
frontage roads on both sides are provided. 3.5 meters sidewalks on both sides of the
road are also constructed.

2) 3.0 meters on central median and 2.0 meters on outside medians are provided.

3)  About 15 meters tall trecs on the central median and about 10 meters tall trees on
outside median are provided.

4)  d) There are many mixcd buildings, commuercial and housing, on the cast side of the
exisling road, and many institutional buildings such as National University and
National Land Office are located on the west side of the road, The CAD office of
Bogota municipality and hospital arc located on the cast side of the road.

Taking into account the above mentioned facilities, the two (2) alternative alignment plans
such as Alternative-A and B are prepared as shown in Figure 15.3-14. As the result of
comparison study, Alternative-A is selected for the IRE, and the three dimension views of
Aliernative-A are shown in Figure 15.3-15 and Figure 15.3-16, and the photo montage
views are shown in Figure 15.3-17 and Figure 15.3-18 for easy understanding of the iRE.
The major rcasons for selecting Allernative-A are described below:

1) From viewpoints of the preservation of natural environmental aspects, the Alternative
-B is better than the Alternative-A, however, considering noise problems for
inhabitants living atong the road, the Altcrnative-A is better than the Alternative-B
because Allernative-A can provide more wide open space (about 15 meters) between
the IRE and the buildings which are located along the road.

2} Under Alternative-A, road-side trees on both sides on the outside median can be
provided for use in open space belween the piers of the viaduct. The IRE can be
screened by these trees from the buildings, which are located along the road.

(2) Vertical Alignment

The vertical alignment is adopted following the same conditions as the previous segment
on Avenida Quito.
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5. AVENIOA QUITQO ( Section Calle 51 ~ Calle 6 )
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Figure 15.3-14 Location of Alternative Alignment Plans on Avenida Quito.
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Figure 15.3-15 Three-Dimension Plan of Alternative-A (1)
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Figuse 15.3-16 Three-Dimension Plan of Alternative-A (2)
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Figure 15.3-18 PhotoMontage of Altemative-A {2}
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15.3.6. ALIGNMENT ON CALLE 6 ( SECTION BETWEEN AV. QUITO AND AV, CARACAS)

(1) Horizontal Alignment

The typical cross section of the cxisting Calle 6 on scgment between Avenida Quito and

Avenida Caracas is under the following road facilitics conditions as shown in Figure 15.3-
19,

1) The 60 meter right of way with 8-lanc carriage way is provided, which includes 4.5
meter sidewalk on both sides.

2} Inthe center of road, an 18 meters wide canal is located,
3)  On both sides of embankment of the canal, about 20 meters tall trees are provided.

4)  Land use of soulh side of the road is classificd as industrial and mixed usc arcas, On
the north side of the road it is classificd as housing arcas.

Taking into account the above-mentioned facilities, two alternative alignment plans such as
Alternative-A and B are identificd. As the resulls of comparison study, Alternative-A is
selected for the IRE. The three-dimension section of Allernative-A is shown in Figure
15.3-20. The major reasens for the sclection are described below:

1) There are two lines of the plantatings (about 20 meters tall trecs) on both
embankments of the canals. These should be removed when the alternatives will be
constructed. However, new trees can be planted at both sidewatks on Alternative-A,
and the IRE may be screened by newly planted trees.

2)  Alternative-A can provide 20 meters of open space from the edge of the IRE and
screen the commercial and housing buitdings which arc located along the Calie 6.

3) Obviously, the construction cost of Alternative-A is cheaper than the Alternative-B,
and the construction magnitude of Alternative-A will not be extensive.

(2) Vertical Alignment

The proposed height on the intersection of Avenida Quito is maintained at 14.0 melers
clearance from the exisling pavement height of road because there is a plan for grade

separation at this intersection. The clearance of the other segment is adopted at 11.0
melers.
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Figure 15.3-19 Location of Alternative Alignment Plan on Calle 6.
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Figure 15.3-20 Three-Dimension Section of Alternative-A
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16.4. CROSS SECTION DESIGN.

15.4.1. NUMBER OF LANES REQUIRED

In previous scction 13 in this Report, the future traffic demand in 2015 was forecast based
on the person trip survey conducted by JICA Study Team in 1995 to 1996, The IRE will be

operated to introduce the toll road system considering the Government budget conditions
and burden share by the beneficiary users of the IRE,

As mentioned previously, the future traffic volume is changed in accordance with the
traffic toll charge such as 2,000 pesos and 3,000 pesos. The optimum toll charge will be
decided after examination of the financial study, and the existing tol road conditions of
Bogota. There are many toll roads inside or near the city of Bogota, and the toll charge on
cach road is decided in accordance with the size of vehicles as follows,

1) Autopista NOMC....coccoriiiinniaens 2,200, 2,600, 10 10,060 pesos

2)  Autopista Medellin....iciinnnnncne 3,100, 3,500, to 13,700 pesos

3)  AULOPISEE SUL coerereereeseerneesseneresessneseone 2,100, 2,400, to 10,000 pesos

4)  Avenida La Carera......onoiocnoneoe 2,900, 4,700, 3,200, to 14,900 pesos
5) Road between Soacha and Mosquera........2,100, 2,400, to 10,000 pesos

6) Road between Mosquera and Cota............ 2,‘100, 2,400, to 9,600 pesos

7Y Avenida 7a...cncnoieos 2,200, 2,600, to 10,100 pesos

Considering the toll charge urder the existing conditions, the number of lanes required for
the IRE is decided based on the future traffic volume in 2015 with 3,000 pesos toll charge.
The future traffic volume in 2015 on ecach road segment of the IRE is shown in Table
15.4-1. The number of lanes required is decided in comparison between future traffic
volume and the traffic capacily of the IRE. The traffic capacity is estimated at about
15,000 pcu/d per lane considering the road facilities conditions of the IRE, and the number
of lanes required and shown in Table 15.4-1. As a result of comparison, Calle 6 is required
as 2-lan¢ road, however, consulermg the function and characleristics of the IRE, the
number of lanes required is adopted as 4-lane dual camageway, with 2 lanes for the
general vehicles and the other 2 lanes for bus express.

Table 15.4-1 Number of Lane Required on Inner Ring Expressway

Road Segment Fulure  Traffic | Traffic No. of lane | Remarks
Volume(peu/d) Capacity required
(A) {pcu/d/lane) | (A/B)
B
On Av. 7a (Calll16to Calle100) 33,000 15,000 4
On Call 100 (Av.7a 10 Av,15) 46,000 15,000 4
On Av. Quito ( Av.15 1o Calle63) 46,000 15,000 4
On Av, Quito (Calle 63 to Call6) 48,000 15,000 4
On Calle 6 {Av. Quilo o Av. 19,000 15,000 4(2)
Caracas)

15.4.2. CROSS SECTION ELEMENTS

The cross section ¢lement is examined taking into account the following items.

1) Road SIFICIUTE EYPE.vurcrecreererrrirersarsarersennes Viaduct type




Tha Project of Highway and Bus-Lane of Santafe de Bogola.
2)  Traffic characteristics v muinisnen... Only vehicles

3)  Running speed....cvnmonncsimmesrcnonsinness 60 kny/h to 80 km/h

The following clements for road scgment and on/off ramp ways ar¢ adopted for this study
as shown in Table 15.4-2. The lypical cross sections of road way and ramp way are shown
in Figure 15.4-1 and Figure 15.4-2, respectively.

_ Table 15.4-2 Cross Section Elements Adopted
llems Unit | Road Way | Ramp Way Remarks

No, of lane No. 4-lane dual | 2-lane dual
Carriageway Width m 35 35
Lateral clearance(left) | m i.25 0.75
Lateral clearance m 0.75 0.5
(right)

Superelevation % 2 2
Median width m 1.0 0
Road way width m
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Figure 15.4-2 Typical Cross Section of Ramp Way
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15.5. BRIDGE DESIGN

15.5.4. DESIGN BACKGROUND

(1)  Existing Bridge

In Bogota City, many flyover bridges have been built at main junctions. The types of these
bridges are cast-in-situ concrete girder, PC concrele girder, steel box girder etc. Those,
which were built recently, are PC bridges. Steel bridges are not being used due to high cost,
since materials have (o be imported. There are no iron works in the city and regular
maintcnance such as re-painting is required.

Many pedestian bridges have also been built. The types of these bridges are concrete
girder bridge, truss bridge, steel arch bridge cable-stayed bridge ctc. Pedestrian bridges
‘built recently are designed to suit specific condilions.

Ground condition of Bogota City is very soft except for Iast Hill side and settlement on
approaches of the existing bridges is observed in some arcas. Extensive soil improvement
work for soft ground is nol generally undertaken in connection with existing bridge

consfruction, Therefore, proper counter measure is required for sofl ground at the time of
bridge planning.

The existing bridge columns appear to be stim, however, in 1995, a regulation for anti-
seismic design was established by The Road Department in the Minisicy of Transport. As a
resull, durability against seismic energy is being improved for new bridge construction.

{2) Sub-Surface Soil Condition

Bogota City is located in a basin, which was marshland originally. Soft soil was deposited
deep below the ground surface, Sand stone is exposed at ground surface at Eastern Hill.,
Sand stone can be observed at refatively shallow depths, shallower than 30m, between
Avenida 7a and Avenida Caracas. Sand stone, as foundation bed, is not observed even at

depth more than 100m at Western side from Avenida Cararas, and no firm layer, as bearing
strata, can be observed. -

Ground condition of Bogota City is classified into the following three ZONeS;

1)  Arca where sand rock, as foundation bed, is exposed: Eastern Hill from  Avenida
Ta :

2)  Arca where sand rock, as foundation bed, can be observed at depths shallower than
30m: Between Avenida 7a and Avenida Caracas

3)  Area where soft soil is continuing and bearing strata can not be confirmed: Weslern
side from Avenida Cararas

Geological cross section of Bogota City is as shown in Figure 15.5-1.
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Figure 16.5-1 Geological Cross Section of Bogota City

(3)  Procurement of Materials

Major materials uscd for construction are cement, aggregates, reinforcing bar, PC wire and
stcel such as steel plate and section stecl. Cement can be procured 100% in Bogota City
and good quality aggregates are also available. High qualitly of rcady mixed concrete is
being delivered to any place in the city. The same as cement, reinforcing bars are also
produced and delivered in the country.

Steel such as PC wire, steel plate and section steel has to be imported due 10 non existence
of steet mill in the country.

4) Technical Capability

Already various type of bridges such as reinforced concrete bridges, PC bridges, and steel
bridges have been built in Bogola City; technical capability for bridge construction is
considered at a high level. There are several bndge consultants and contractors and many
experienced and qualified engineers are engaged in such work. The existing structures
have been built following AASHTO which is the American Standards however, national
standards and specifications were established recently,

Bridge construction technique available in the country is sufficient to meet the
requirements of bridge type and structure in this study and no problem is envisaged.

15.5.2. DESIGN CRITERIA

{1) Design Standards

Instituto Nacional de Vias established its own standards (Codigo Colombiano de Diseno
Sismico de Puentes) in 1995. This study basically follows this standard. This standard is
based on AASHTO and modified to the specific live load and seismic load in Colombia.
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{2) Live Load

Live load uwsed for road structure design in- Colombia is specified in the Codogo
Colombiano de Discno Sismico de Pucntes, In this study, design is made based on this live
load basically and because it is the most important structure in the capital area, the heaviest
live load of C40-95 (Figure 15.5-2) is applied.

\ S

1 ( C f—

v _ 00 heo! 190 e
C 40-95 15 ton. i$ !c;n. 10100, . ‘
C 32:95 12100 121en, 8ton,
vV = espaciamiento varable enlre 4.0 m y 9.0 m inclusive. E espaciamiento a usar es et que

produzca los miximos esfuerzos

Figure 15.5-2 Live Load ( C40-95)

Track Clearance of bridge is the horizontal road width and 4.5m vertically as shown in
Figure 15.5-3. '

Odiba horzontal

|, Can & b dilio o baande

225 mmie. T :i: .%
i a
] ancho de salrade g

Figure 15.5-3 Truck Clearance

{3) Seismic Load

Many earthquakes hit Bogota City including the one of magnitude 8 in 1917. There is a
possibilily to have big scale of earthquake in the future since some faults were found
around the city. In this study, acceleration coefficient “A” in Bogota City is determined as
A=0.2 following to the Codigo Colombiano de Diseno Sismico de Puentes. Further,
horizontal force ratio against vertical force worked out from acceleration coefficient is
determined as Cs=0.17.
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(4 ‘ Materlals

Strength of major materiats is as shown in Table 15.5-1. Concrete strength is decided from

current situation in the city and strength of steel follows ASTM,

Table 15.5-1 Strength of Materials

Materials Note Strength
Concrete For Superstruclure fc=280kgf/cm?2
For Substructure fc=210kgf/cm?2
For Prestress fe=350kgf/cm2
Reinforcing bar (Grade 40) fv=2,800kgf/cm2
Prestressing Steel (Grade270) fv=161kgf/fcm2
Structure Steel (M-183) fu=4,000kgl/cn2

Note fc: Specified compressive strength of concrete at 28 days
fv: Specified yield steength of reinforcement
fu: Minimum tension strength

15.5.3. SUPERSTRUCTURE DESIGN

{1}  General Conditions

In general, supersiructure of bridge is classified as reinforced concrete, PC or steel. The
economical standard span application of each type is as shown in Table 15.5-2, As
described in Chapter 15.5.1 (1) all bridges built recently in the cily are concrete bridges.
Even in this study, superstruciure is designed as concrete bridge. basically taking
availabilily of materials, economy and maintenance into considération.

Concrete bridge is classified as RC (Reinforced Concrete) and PC (Pre-Stressed Concrete).
RC is applicd for short spans and PC is applicd for medium to long span. Economical
spans depend on ground conditions. If ground condition is good and hard, it is economical
to use RC for superstructure and construct shorl spans since substructure and foundation
costs would be low. If ground condition is poor and soft, it is economical to apply PC for
superstructure and make medium spans since foundation costs would be high. In general,
for over 30m span, superstructure cost increases drastically, therefore, it is said that spans
of 25~30m are most economical. From perspeclive point, it is generally considered that
bridge type of less beam depth and less number of columns is the most attractive. Taking

the above factors inlo account, Expressway viaduct is planned as PC of 30m standard
spans.
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Table 15.5-2 Bridge type and Slandard Span Application

Trpn of Supuisiracturs " Bridge Span (m)
. 20 3D 40 50 &0 N Bl 20 O

RG. Simple T-fpam ﬁ—h
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REC Bex Glrdar _—-

P.C. Holiew Siah

r P.C. Simple Campenite Girder T —————
ov——

#.C. Gimple ToBggm S—

f.C. Stnple Bax Girdar

B.C. Contipunus Bex Glrder

Sieat Simpts Companite Girder ’—_.

————
$ Stasl Simpls Gor Gltlu jonavamag

Staed Continuoue Gitdu

Kots i R.C.z Reforcead Concrete
P.C. 2 Proslcassed Cancratbe
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(2}  Overall Plan

The viaduet for Inner Ring Expressway (IR‘E) planned in this study is 16.44km in length
and has four ON-OFF ramps. Superstructure type is classified in the following cight types.

Typel: Combined two lane dual carriage ways with 30m standard span.
Type2: Scparated two lane dual carriage ways with 30m standard span.
Type3: At intersection with 30m standard span.

Typed: At intersection with SOm span

Type5: Similar to Typel but with 40m span.

Type6: Similar to Type2 but with 40m $pan

Typc?: Similar to Typel but with 30~50m span.

Type8: Similar to Type2 but with SOm span.

Typel and Type2 are described in this parageaph, Type3 and Typed are described in
paragraph (3) and Type5 to Type8 are described in paragraph (4) respectively. 30m
standard span bridge is classified among the following four types judging from Table
15.5-2.

1} Holiow Slab

2) Simple Composite Girder
3} Simple T-Beam

4)  Box Girder

From economic point of view, Box Girder is relalively expensive, however, other types do
not show much difference in cost. Due to long continuous struclure, consideration from
perspective point (appearance} becomes important. From perspective point, Hollow Slab is
the most alfractive since beam is cast in-situ, shape can be selected and depth can be lower.
On the other hand, beam depth of Simple Composite Girder and Simple T-Beam is higher
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and looks ugly, thus these types are considercd to be less atlractive. From construction

point of vicw, Simple Composite Girder and Simple T-Beam have advantages since no
support is required al the time of crection as required for pre-cast segmental beams.
However, the viaduct is designed to have enough clearance to clear over pedestrian bridges,
hence bridge type, such as Hollow Slab and Box Girder which require supports for casting
concrete and erection, can also be coped with,

Taking the above facls into consideration, standard superstructure type for Expressway
viaduct is decided as Hollow Slab which is superior in coonomy and perspective. Further,
in case of Hollow Slab, it is more advantageous to have conlinuous beams than single span
beams. Therefore, 3-span continuous span will be used for the standard section. Cross

section of combined dual carriage way and separated dual carriage way are shown in
Figure 15.5-4.

Figure 15.5-4 Typical Cross Seclion of Superstructure

{3) Intersection Section

Superstructure type at intersection is to be 3 continuous Hollow Slab spans. However, at
ON-OFF ramp near Avenida Quito and Avenida Jimenez junction where coluruns cannot
be constructed at 30m standard intervals, Steel Box Girder of S0m span is proposed since it
is economical to have longer span with lighter weight of superstructure as much as possible.
The typical cross sections of superstructure at the intersection are shown in Figure 15.5-5.

Figure 15.5-5 Typical Cross Section of Superstructure at Intersection
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(4}  Speclal Section

Special section is classificd as the place where the viaduct crosses an existing flyover at the
following two cases.

1) Calle is crossing Avenida Quito by flyover,
2)  Avenida Quito is crossing Calle by flyover.

For item 1), 40m span viaduct is recommended, however, due to insufficient clearance to
assemble support under beams, pre-cast scgmental Simple Composite Girder which is
commonly used in the cily has to be considered for superstructure. Junction where Avenida
Quito and Calle45 is crossing, S0m span Steel Box Girder is recommended since it is not
feasible to provide columns at 40m intervals.

Item?2) This occurs at junctions at Avenida Quito, Autopista El Dorado and Avenida De
'Las Americas and at Avenida Quilo and Avenida Jimenez De Quesada, At the junction at
Avenida Jimenez De Quesada, the weight of superstructure has to be light due to wider
column of rigid frame, thus Steel Simple Composite Girder of 30m span is recommended.
Junction at Autopista El Dorado and Avenida De Las Americas, the span has to be longer
and the number of piers has to be minimized from economical point of view, thus Stecl
Box Girder of SOm span is recommended. Furthermore, at the junction at Calle 100, where
roundabout with underpass is formed, the pier position is limited, thus Stecl Box Girder of
50m span is also reccommended.

Cross section of special type supersiructures are as shown in Figure 15.5-6.
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Figure 15.5-6 Typical Cross Section of Superstructure on Special segment
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15.5.4. SUBSTRUCTURE DESIGN

(1) General Conditions

It is usual to build substruclures of RC concrete from cconomical point of view.
Substructure of viaduct mainly consists of picrs, and abutment is only used at an approach.
Picr type and standard height application is as shown in Table 15.5-3.

Pier type and shape are decided by picr position determined from width of superstruclure,
road crossing arrangement and width of pier, As shown in Figure 15.5-7, planncd
carriageway height is 11m from road surface at standard scction ¢nable to clear pedestrian
bridge. The high of the intersection is 14ny from road surface sufficient to clear the existing
fiyover bridges. Taking the above faclors into consideration, substructure {ypes are
classified into three groups, judging from Table 15.5-3.

1) Column Type
2) Rigid Frame Type
3)  Wall Type

Sclection of cach type is made through careful study on the Expressway route alignment,
For abutment, due to soft ground all through the route, ground setilement behind abutment
by filling is highly envisaged thus abutment height is to be limited to 3m and 5.5m in {ull
height. U shape retaining wall is provided behind abutment to support fills by abutment
piles as a countermeasure for soft ground.

Table 15.5-3 Pier Type and Standard Height Application

Haight (m) .
TYPE
b 0 20 30 4 Remarks
D l 15 -
P-1 Column Type " "
s
Rigid Frame Type 5 i5
P-2 —— D
{1 Storey) —
Rigid Frame Type i5 25 '
P-3 0 e ‘ ——
. {2 Storey)
P-4 Wall Type u H
P-5 Well Type It Section 22ﬁ ﬂ o—
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Figure 15.5-7 Vertical Clearance of Bridge

{2)  Overall Plan

683 picrs for both of main route and ramps for the Expressway viaduct are planned at this
time. Substructure type is classified among the following seven types.

Type A: Wall Type pier to suppott combined two lane dual carriageway.

Type B: Rigid Frame Type pier to support combined two lane dual carriageway.
'f‘ype C: Column Type pier to supporl separated iwo lane dual carriageway.
Type D: Column Type pier to support ON-OFF ramp.

Type E: Wall Type picr to support ON-OFF ramp approach.

Type F: Abutment at approach. |

Typc G: Steel Rigid Frame Type picr for wider column leg spacing.

Type A~C are described below, Type D~F are described in paragraph (3) and Type G is
described in paragraph (4) respectivety. Type A is applied over Calle 160, since center
separate trial width is 6m. Compare with superstructure width, bottom width is narrower,
tapered shape pier is selected. Type B is proposed over Avenida7a, south side of Calle 68
over Avenida Quito and over Calle 6. Type C is proposed between Calle 100 and Calle 68
over Avenida Quito where picrs are provided at outer separator. Cross section of each type
is as shown in Figure 15.5-8. '
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(3) Intersection

TypeD is propsed for ON-OFF ramp ncar Avenida 24 and Avenida Jimencz De Quesada
since only ramp itself is to be supported. Type E is proposed for ON-OFF ramp at Avenida

7a which is North end of Expressway since future extension has to be considered, Cross
scction of each type is as shown in Figure 15.5-9.
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12.00

L5.50
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o

g
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o | COLUMN Type
5 5
o GEE —f Lo Rt

i 511} GAST INPLACE PILE
| 1.0 mL=25~ 35 m, n=4

Figure 15.5-9 Typical Cross Section of Substructure at Intersection

4) Special Section

TypeF is proposed for junction at Calle 45, between Autopista El Dorado and Avenida De
Las Americas and Avenida Jimenez De Quesada over Avenida Quito since pier positions
are limited and instead of RC, Steel Beams and Columns are required to support
carriageway. Steel Pier has never been built in the city before, however, this type is

commonly and successfully used for elevated urban expressways in Japan and US.A..
Cross section of pier is as shown in Figure 15.5-10.
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Figure 15.5-10 Typical Cross Section of Subslruclure

15.5.5. FOUNDATION DESIGR

(1}  Generat Conditions

Ground condition of planned route is soft soil, which continues from surface to very deep.
Therefore, pile foundation is used for ali the structures. When driving piles, it is nccessary
to consider adopting methods to avoid or recuce noise, vibration ete., which affect city’s
environmental conditions. Cast in-situ bored RC pile andfor pre-cast auger pile are
recommended. :

Cast in-situ bored RC piles of $0.6~0.8m are commonly used for bridge foundations in the
city due to the avallab:hly of maienals and equipment. P]le type and standard depth
application is as shown in Table 15.5-4.

Table 15.5-4 Pile and Standard Depth Application

Type o Depth ___”SOIICOHdItIO!I -
o |w]20T30] 40| 50! Cialey | Sandy | Boulder
CSteelPile  feepr——te—eeed 6 10 1A
PCPitle | b—et— "t 1 o 1A [ x
Cast in Place Pile ' o i ‘o | A

Note: O :Applicable, & ;Possible, * ;No Applicable
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{2) Pile Foundation

There are considerable experiences in Comumbia in the use of bored cast in-situ RC pile
that has many cxperiences due to the availability of materials and equipment for usc on
foundations. In general, for large bridge structures, larger diameter piles have considerable
advantages thus, ¢1.0m of RC pile is recommended. Pile length and bearing capacity are
discussed below.

1)  25m length of bearing pile is used for Avenida 7a scction, since bearing strata
exists al relatively shallow depth, and bearing capacity of pile is 300t under normal
condition and 450t at scismic congition.

2) 40m length of friction pile is uscd for Calle 100 to Calle 68 on Avenida Quito,
since no firm layer exists even beyond 40m depth. The bearing capacity of pile is
175t under normal conditions and 2701 at seismic condition,

3)  35m length of bearing pile is used for Calle 68 on Avenida Quito to Calle 6, since a
thin layer (1~3m thick) of sand with N value of approximately 30 exists at 35m
depth. The bearing capacity of pile is 200t under normal conditions and 30Ct al
seismic condition.

15.6. ISSUES FOR THE FURTHER DESIGN (FOR DETAILED DESIGN STAGE)

{1}  To Clarify the Utitization of Existing Railway Area -

The existing raitway is passing through at the segment between Carrcra 15 and Calle 68 on
the existing Avenida Quito. The railway area is about 15 meters to 25 meters wide. At
present, the fulure development plan of the railway such as how to use the railway area, re-
location of railway, and how to improve railway system are not determined. When the
detaited design will be commenced, these unknown factors should be defined, and a low
cost design should be carried out.

(2) To Plant the Road Side Trees

The preliminary design of the Inner Ring Expressway is conducted considering the
preservation of road side trees as much as possible, however, many road side trees on the
existing Avenida 7a, Calle 100, Avenida Quito, and Calle 6 should be removed. The re-

plantating of the existing trees, which are removed by the road construction, should be
carried out as much as possible.

(3) To c!arify the Underground Utitities

The preliminary design of Inner Ring Expressway was conducied including collection of
data on underground utilities as well as to conduct the field reconnaissance survey,
however, it is very difficult to find out detailed data on underground utitities, When the
detailed design will be conducted, these data should be defined to prepare the construction
method and to maintain the safety of construction.

‘The locations of existing major water pipe lines are as follows:

1) Autopista Norte { Toll gate to Call 129) .......... 78 inches
2) Autopista Norte (Calte 129 to Calle 92)............ 60 inches
3) Avenida Boyaca ( Calle 129 toend )......cceeenenee 78 inches

4}  Avenida Quito ( Auto. Norte to Calle68) .... 60. 37 inches
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The above mentioned pipe lines ace located at 0.6 meters to 1.0 meters under the exisling
ground level, Minor water pipe lines such as 24 inches, and 17 inches are located at the
major existing roads. '

4) To Get the Consensus of the Citizens

The people, who live in Bogota, may consider that the Urban Expressway will be
constructed for vehicle owner only, because this road can be used only for vehicies, They
may also be worried about the prescervation of natural and social environmental aspects.
Prior to the commencement of the detailed design for the Inner Ring Expressway, the
necessity for the road, the cconomic and social benefits from the road, and effects of
natural and social environment of the road should be ¢xplained to the citizens to gain the
consensus of the citizens, For getting the consensus of the citizens, preparation for
participating conference by the inhabitants may be needed as soon as possible.

15.7. OPERATION SYSTEM OF INNER RING EXPRESSWAY (IRE)

15.7.1. MAINTAINING OF GOOD SERVICE LEVEL ONIRE

The IRE is planned as urban expressway which has full access control with 4-lanc dual
cartiageway and the 60 km/h to 80 km/h design speed. The IRE employs a toll road system.
A tollgate is tocated on cach ramp-way. The IRE should be kept a good service level,
especially; comparative high speed should be served against the rate of a toll charge.

According to the experience of Japanese Urban Expressway, when the running speed on
the Urban Expressway decreases by 20 kmy/h or less, the on-off rumps have been closed for
keeping a good traffic service level on the Urban Expressway. Therefore, the IRE should
introduce the above-mentioned manner to maintain a good traffic service level on the
proposed IRE. In addition, since the running speed also decreases when traffic accidents
will occur on the IRE, it also proposes the restriction of service for the on-off rumps.

For keeping a good traffic service level on the IRE, the provision of opcration system,
maintenance system, and traffic information systems on the IRE are also indispensable.

15.7.2. ToLL CHARGE AND COLLECTION METHOD

The future traffic volume on the IRE depends on the rate of toli charge. When the toll
charge is lower, the large traffic volume is forecasted. To the contrary, when the tolt charge
is higher, the traffic volume is tight. The future traffic volume on the IRE was forecasted
based on the three (3) toll charge altematives: 2,000 pesos, 3,000 pesos, and 4,000 pesos.
The toll rate is decided at 2,000 pesos in the year 2006 and 3,000 pesos in the year 2015,
based on the sensitivity analysis between future traffic volume and revenue of (oll charge.

The flat rate system is employed as the toll charge system of IRE, to be short in the road
length of the IRE, and to avoid the confusion on the rump ways in case of a zone fare
system in which the fare raises according to trip length.

15.7.3. TRAFFIC CAPACITY ON TOLLGATE

When vehicles pass the tollgate, drivers must done the following four (4) actions at the
tollgate.

1) To decelerate a vehicle running speed
2) To pay a toll charge

3) To receive change and receipt
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4) To accelerate the speed again

According to the dalta of Japanese Urban Expressway, three (3) seconds to four {4) seconds
were nceded to complete the total actions at the tollgate, Therefore, the ramp capacity in
one ditrcclion at the tollgate can be calculated at about 900 vehicle per hour (v/h) to 1,200
v/h (36,000/3=12,000, 36,000/4= 900).

Based on the traffic assigoment in the year 20135, the traffic volume on the rump way is
forccasted at about 12,000 vehicle per day on both directions. ‘This figure is equivalent to
about 700 vehicle per hour in one direction. in comparing capacity to future traffic volume,
the future traffic volume can be controlled at tollgate on the ump way.

In the future, when the traffic volume will exceed the tollgate capacity (900 to 1,200 v/h),
two (2) toll collection booths at the one toligate will be provided or two (2) toligates on the
rump way will be constructed due to increase the capacity at the tollgate.
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