CHAPTER 16
Construction Planning and Cost Estimate






The Project of Highway and 8y3-1ane of Santa Fede Bogita
16. CONSTRUCTION PLANNING AND COST ESTIMATE

16.1. GENERAL

This chapter describes construction planning and set up a program as well as cost estimalte
for facilities of trunk busway system and inner ring expressway. Both the conslruction
planning and the cost estimate are based on the design described in Chapters 14 and 15,

Since the construction works ar¢ carricd out on the existing roads under heavy traffic, it is
most advisable to select construction methods to avoid interférence with traffic and to
minimize the construction period and cost.

In section 16.2, most appropriate construction method, block numbers and working
program for cach project are defined. In section 16,3, quantitics for each projects are
“indicated. In section 16.4, detailed cost of each project consisting of construction cost, land
acquisition and compensation cost, engineering cost and contingency are included. In
Section 16.5, maintenance costs are indicated.

Technical capacily and procurement of materials in the region are described in seclion
15.5.BRIDGE DESIGN of chapter 15.

Projects are classified as:

1) Trunk Busway Facilities
1} Carrera 7a to CrreralQa
2) Aulopista del Norte
3} Avenida Caracas .with Express Bus Viaduct
4} Avenida Primero de Mayo
5) Avenida Suba '
6) Avenida Suba 2 (Calle 127)
7) Avenida Ciudad de Quilo
8) Autopista det Sur and Calle 6 with Flyovers / Viaducts
9) Avenida 68 to Calle 100
10) Calle170
11} Central Urban Bus Terminal
12) Suburban Bus Terminals

2) Inner Ring Expressway (Av. 7a ~ Calle 100 ~ Av. Ciudad de Quito)
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. Chapler 16: Constniction Planning and Cost Eglimate,
16.2. CONSTRUCTION PLANNING AND PROGRAM

18.2.1. CONSTRUGTION PLANNING FOR TRUNK BUSWAY FACILITIES

(1) Carrera 7a to Carrera 10a (Proposed Length = 24.06km)

This stretch consists of three sections namely Inner Ring Expressway scction (Calle 123 to
Calte 100 - about 2,1km), double lane dual trunk bus ways seclion {Avenida 10,Calle 125
to Calle 35S - about 6.78km) and the remaining section of single bus priority lane
segregated from other vehicles by color asphalt pavement,

Construction method of Inner Ring Expressway section will include the following works:

1) to rearrange carriageway (removal and provision of concrete cuarb, gutier, median,
side walk and drainage system),

2) 1o scarify the existing asphalt concrete pavement by dom thickness,
3) to spray asphalt tack coat,

4) to pave,

5) to mark lancs and

6) to carry out other incidental worké

At Carrera 10 scction {approx. 6.78km), double lane bus priorily ways are provided. And
section between Calle 20S and Calle 35S (approx. 1.4km), double lane busways are
provided at center median side (W=8.0m).

Construction method for widening section will include the following works:
1) to remove existing center median, |
2) to excavate, lay geotextile and back fill with selected material,
3) 1o lay and compact subbasc and base course,
4) 1o provide concrete curb, drainage and median,
5) to carry out asphalt paving and color pavement,
6) to mark lanes and

7) to carry out other incidental works.

{2) Autopista det Norte (Proposed Length = 17.24km)

Double lanes for express bus and trunk bus system are provnded at center mcdnan side of
the stretch. A main water supply pipe line (¢ 1,500m/m) for the cnly runs under ground
along the center of Autopista del Norte between suburban bus terminal and Colle 172
section (approx. 7.4km), and coniinues under ground along the right side of center median
between Calte 172 and Calte 129 section (approx. 4.3km).

The first scction of the above work requires color pavement for bus priority lanes and also

pavement on shoulder portion to protect bus priority lanes. Construction method of this
seclion is similar to Cartera 7a —CarreralQa.

At the second section on the above, the ceaterline has to be shifted from present line
approx. 5.5m to the left to provide bus priority lanes.

The construction method of this section will include the following works:
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_The Projectof Highway and Bus 4 ane of Santa Fe de Bogela

1) to rélllovc existing center median, curb, drainage system,

2) to excavate, lay geotextile and back fill with sclected material,
3) to lay and compact subbase and base course,

4) to provide concretc curb, drainage and median,

5) 1o carryout asphali paving and color pavement,

6) 1o mark lanes,

7) (o build bus stops including pedestrian bridges and

8) to carry out other incidental works.

At the remaining section (Calle 129 to Calle 80 at Avenida Caracas), express bus and trunk
bus systems arc provided al the center of the stretch with cotor pavement. The major

"construction items on the stretch arc widening of carriageway to the inner median to
provide additional two lanes at each side, provision of median for bus and other traffic and
provision of concrete curb and drainage system.

{3) Avenida Caracas with Express Bus Viaduct

1) Bus Lane Improvement (Proposed Length = 24.06km)

Trunk busway system on this sirctch has (wo different sections. On selection between Catle
80 and Calle 48A (approx. 15.5km), where a viaduct for single lanc dual carriageway
express busway will be built and teunk bus runs under the same. On other section, between
Called48A and suburban bus terminal (appfoximately 3.6km), where a single lanc dual
carriageway for trunk and express bus witl be provided.

Constriuction of trunk busway under the viaduct will include following works:
1) toremove existing center median, curb, drainage system and sidewalk,
2) to prepare temporary work for viaduct construction,

'3) {0 excavate, lay geotextile and back fill with selected material,
4) to lay and compact subbase and base course,

5) to prdﬁdc concrete curb, drainage and median,

6) to carry out asphalt paving and color pavement,

7) to mark lancs,

8) to build bus stops and pedestrian bridges and

9) to carry out other incidental works.

The second section requites color pavement for bus lanes. Construction method on the
seclion is similar to Carrera 7a — CarreralQa.

2) Express Bus Viaduct

In order to avoid interference of existing traffic and to maintain carriageway as much as
possible, the construction will be carried out day and night. As shown ir Figure 16.2-1, the
foundation and subsiructure construction will include the following works:

1) todrive sheet pile Iogether with temporarsy bracing,

2) - to place temporary deck cover after primary excavation,
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3) to drive ¢ 1.0m bored piles, '

4) o carcy out foundation excavation after all the piles are driven,

5) (o place blinding concrele, freat pile head and assemble reinforcing bars and

6) to install form-work for pile cap concrete,

7) to crect reinforcing bars and form-work for pier and place pier concrete,

8) tocarry out back-fi illing, deck cover removal, sheet pite extraction and paving,
9) 1o assemble brackel /support for supporling soffit of pier headfbeam and

10) to assemble reinforcing bars and form-work for placing picr head/beam concrete.

Working arca shall be protected from traffic by movable type safety barrier and/or fence
with colored blinking lights and illumination for night work.
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Figure 16.2-1 Express Bus Way Viaduct - Sub Structure '

As shown in Figure 16.2-2, superstructure work will be carried out by cmploylng advanced
shoring method which witl place Hollow Slab/ Box Girder deck concrete and travel span
by span without any interference to road lraffic. However, taking the existing traffic
condition into account, the major aclivities of works are to be carried out during nighttime
when the traffic is lighter.
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Number of blocks for the project is divided into twenty-three (23) of maximum 750m in

length,

During the construction, as shown in Figure 16.2-3, existing traffic tanc will be reduced
especially at where bus stop is constructed thus, Avenida Caracas should be reserved
mainly for buses. And as shown in Figure 16.2-4,ordinaty passenger cars and other vehicle
shall be diverted to Carrera 7a — Carrera 10a for the North bounds and Avenida Ciudad de
Quito for the South bounds as much as possible in order to have a smooth traffic on the
road. Due to this circumstance, some modification of existing bus stop may be required as

shown in Figure 16.2-5.
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Figure 16.2-3 Express Bus Way Viaduct — Bus Stop
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Figure 16.2-4 Express Busway Viaduct - Traffic Diversion
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Figure 16.2-5 Modification of Bus Stop

{4} Avenida Primero de Mayo (Proposed Length = 1.09km)

Bus priority lanc of this segment requires color pavement and construction method is
simitar to Carrera 7a - Carrera 10a.

{5) Avenida Suba (Proposed Length = 13.15km)

Bus priority lane of- this segment requires color pavement and construction method is
simitar to Carrera 7a — Carrera 10a,

{6) Avenida Suba 2 (Calle 127} (Proposed Length = 2.14km)

Bus priority lane of this segment requires color pavement and construction method is
similar to Carrcra 7a- Carrera 10a.

{7) Avenida Ciudad de Quito

Trunk bus system is required for this segment. In addition, following items are to be
considered for the construction of bus lane.

1) Total 1.1km of new road construction at the beginning scction of the scgment is
required under this project. ‘

2} Between Calle 100 and Calle 13(end of project), the location of picr for inner ring
expressway is to be carefully considered.

3) Between Calle 100 and Autopista El Dorado, bus priority lanc will be provided at
inner side of inner median.

Construction method of this segment is similar to Carrera 7a — CarrcralQa.
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(8) M_AutOpIsta de} Sur with Flyovers

1) BusLane fmprovemenl (Proposed Length = $1.0%km}

This segment will involve the trunk and cxprc,ss busway system. Tollowing construction
requirements ate to be considered,

1) Express and trank bus lane at the center of road,
2) Flyovers are 10 be constiucted at major intersections,

3) Widening at east side of the segment from Calle 8S intersection ai SANTA
MATILDE to Calle 12 intersection at PRIMAVERA is to be included in this
project,

Construction method of this segment is simitar to Autopista dei Norte.

2) Fiyovers

In order to avoid interference with existing traffic and maintain carriageway as much as
possible, the works are 10 be carried out day and night. As shown ia Figure 16.2-6. The
substructure construction will inctude the following works:

1) to drive sheet piles together with temporary bracing,

2) to placc temporary deck cover after primary excavation where required,
3) todrive ¢ 1.0m bored piles, |

4) to carcy out foundation excavation after all the piles are driven,

5) to place blinding concrete, to treat pile head and assemble reinforcing bars and to
install form-work for pile cap concrete,

6) to assemble reinforcing bars and form-work for pier and place pier concrete,

7) to carry out back-filling, deck cover removal, sheet pile extraction and paving,
8) toassemble bracket /support for supporting soffit of pier head/beam and

9) ' to assemble reinforcing bars and form-work for placing pier head/beam concrete.

Working arca shall be protected from traffic by movable safety barrier and/or fence with
colored blinking lights and illumination for night work.

As shown in Figure 16.2-6, superstructure work will be carried out:
1) toerect Precast Pre-Stressed beams, and
2) to assemble form-work and reinforcing bars to place deck concrete.

Taking the existing teaffic condition into account, the ma]or activities of the works will be
carried out during nightlime.

Sections at Calte 6 junctior and between Calle 25 and Calle 30s are of the same type and
method as that of Express Bus Viaduct at Av. Caracas as shown in Figure 16.2-1.

Land acquisition at east side of the scgment from Calle 8S intersection at SANTA
MATILDE to Calle 12 intersection al PRIMAVERA shall be completed prior to the
commencement of the project.

136



The Prcject of Highway and BusLane of Santa Fa de Bogata.

WAREEY

|
i
| FRAE TYPE SUPPIRT
1
1

SHEET PAE

Figure 16.2-6 Autopista Sur Flyover — Typical

(9) Avenida 68 ~ Calle 100{Proposed Length = 17.53km)

Bus priority lane of this segment requires color pavement. Construction method is similar
to Carrera 7a - CarreralOa,

{10}  Calle 1?0(Proposed Length = 5.12km}

Bus priority lane of this segment requites cotor pavement. Construction method is similar
to Carresa 7a — Carrera 10a. '

(11)  Central Urban Bus Terminal

Central Urban Bus Terminal to accommodate both of express bus system and frunk bus
system will be butlt in an area of 144.0m x 147.0m between Calle15 and Calle17 at west
side atong Avenida Caracas. The terminal is partially a 2-story structure with mezzanine
floor. The building will be of reinforced concrete supposted by cast insitu piles and has
124.0m x 139.0m of area on the first floor and 124.0m x 88.0m on the sccond floor with
height clearance of 11.0m.

The first floor will mainly serve the trunk bus system and the second floor will serve the
express bus system onty.

The first floor will be connected with Avenida Caracas and Avenida Ciudad de Lima by
access roads and the second floor will be connected with the Express Bus Way Viaduct
over Avenida Caracas by on-off ramp of level crossing.

As shown in Figgurc-16.2-7, construction method of the terminal will include the fotlowing
works:

1) demolition of existing buildings and steuctures,
2) tolevel ground,

3) todrive ¢ 1.0m caslinsitu piles,

4) (o excavate for pile caps,

5) to place blinding concrete and treat pile heaﬂs,
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6) lo assemble reinforcing bars and forms and place pile cap concrete,

7) to assemble reinforcing bars and forms and place 1* lift of column concrete to
support mezzaning floor,

8) to crect framed supports for mezzanine floor beams,

9) 1o assemble form work and reinforcing bars for placing mezzanine floor beam
concrele,

10) (o erect pre-cast pre-siressed floor beams and place mezzanine floor concrete,

11) (o assemble zeinforcing bars and form works for placing 2™ tift of column concrete
12)

12) to support 2 floor,

13) to erect framed supports for 2™ floor beams and floor,

14) to assemble form works and reinforcing bars for placing 2 floor beam concrete,
15) to place cast insitu pre-stressed hollow slab,

16) to build stair cases and pedestrian bridges,

17) to excavate, lay geoicxlile and back fill on the 1* floor,

18) to provide concrete curb, drainage and median on the 1* floor,
19) to build bus bays and pedestrian bridges on the 1* floor,

20) to carry out paving and color pavement on the 1* floor,

21) to build bus bays on the 2 floor,

22) to pave the 2™ floor and

23) to carry out other incidental works such as provision for elevators, illumination etc.
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Figure 16.2-7 Structural Frame - Central Urban Bus Terminal
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. _The Project of Highway ang Bus-Lana of Santa Fe de Bogala,
(12)  Sub-urban Bus Terminals{ Type 1~Type4)

Four (4) different types of suburban bus terminals wilt be constructed under this project.
Each type is different in arca and size, however structural types and facilities are similar.

Construction method will include:
1) to grub and clear the site,
2) tolevel ground,
3) toexcavate, lay geotextite and back fili,
4) to construct buiidings,
5) to lay and compact subbase and base course,
6) to provide concrete curb, drainage and median,
7} 1o build bus bays and pedestrian bridges,
8) to carry out paving and color pavement,
9) to mark lanes and

10) to carry out other incidental works.

16.2.2. LisT OF EQUIPMENT FOR TRUNK BUSWAY

List of equipment used for each project is as shown in Table 16.2-1 to Table 16.2-5,
respectively.

Table 16.2-1 List of Equipment for Busway Construction

Namez of Foninmenl Tapeanasily MNamber Remarks.
V. Farth Wnirk )
Back Hoe 0.4 ~1.0m? 47
Concrete Cutter S00s, H....=40cmn a2
Vibralory Compactor 35~50ps 32
Roadplaner Rx - 30 Dynaplane 3¢
Motot Grader 125hp 32
2. Ageregzate Course
Motor Grader 125hp 30
Vibrating Roller 10ton 390
Water Truck 20001 ~3.0001 30
3.Asphall Pavement Work )
Asphall Mixiag Plant 40 ~ 60tom/hr. 30
Pacumatic Tire Roller 10~151t0n 30
Tandem Rolter 8~12ton 30
Vibgatory Steel Roller 5~8ton 30
Vibratory Steel Roller I~4ton 30
Asphalt Paver 24m ~45m 30
Bitumen Distribulor 20005~3000}% 30
4.Concrete Pavement Work
Concrete Mixinz Flant 60m /he 29
Transit Mixer 5.0 ~ 7.0m’ 87
Vibrator 0.05m dia. 29
Concrete Coller S0ps. H....=40cm 29
5.0thers
Generatot 65~80ps 73
Air Compressor 30 ~ 50 05 73
Concrete Mixer O.tem? (X
Truck Crane 2-5ton 73
Excavator 0.8m3 73
Lane Markine Machine 12
L DupoTngk 710m’ 365
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Table 18.2-2 List of Equiprment for Express Busway Viaduct Consiruction

Name of Equipment | Type/Capacity Number Remarks ]
1.Foundation Work
Concrete Cutter 20ps 23
Truck Crane 20ton llydrau!ic 23
Truck Crane 35ton liydraulic 23
Vibration Hammer 30kw Iligh Frequency 23
Eleetric Drifl 100kw ' 115
Pile Driver { Farth Drill) | ¢ 1000m/m, 125ps 23
Back Hoe 0.45m? 23
2.Substructure Work
Truck Crane 20ton ]lydraul ic 23
Concrete Breaker 1.2 m¥/min 115 | Also for
Bar Bender ¢ 32m/m 23 | Sub/Superstructural Work
Bar Cutter ¢$32m/m 23 | Sub/Superstructural Work
Concrete Mixing Plant 70 m*hr 23| Sub/Superstructural Work
Transit Mixer gm? 138 | Suby/Supersicuctural Work
Concrete Vibrator 200kw 230 | Sub/Superstructural Work”
Concrete Pump 50 m¥hr 23 | Sub/Superstruciural Work
Wheel Loader 1.5m? 23
Vibratlory Rotler 6ton, 80ps 23
Asphalt Finisher 2.5~4.5m, 43kw 23
3 Superstructure Work
Truck Crane 35ton Hydraulic 23
Truck Crane 50ton Hydraulic 46 | Advance Shoring Ass/Dis.
Advance Shoring 30mx2lanes  Hollow 23
Advance Shoring Slab 11
Stressing Jack 40mx3cells Box 46
Grout Pump 46
4. Pavement Work
Asphalt Mixing Plant 40~65ton/thr 23
Bitumen Distributor 16ps 23
Macadam Roller 10~12ton 23
Pneumatic Tire Roller 10~15ton 23
Asphalt Finisher 2.5~4.5m, 43kw 23
5.0thess
Gas Cutter
Welding Machine 100A/25V 46
Engine Generator 100~150KVA 69
Air Compressor 7~11 nv¥/min, 5~110ps 46
Pump Truck 8 m? 15
Trailes 30~50ton 23
Truck 10~15ten 46
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Table 16.2-3 List of Equipment for Aulopista Sur Flyover Construction

_____ Name of Equipment _._.Iype/Capacity Numwber Remarks
1. Foundation Work
Concrete Culter 20ps 10
Truck Crane 20ton l!ydraulic 10
Truck Crane 35ton Hydraulic 10
Vibration Hammer 30kw High Frequency 10
Etectric Drill 100kw 50
Pile Driver ( Barth Deill) | ¢ 1000m/m, 125ps 10
‘Back Hoe 0.45m? 10
2.Substructure Work . _
Truck Crane 20ton Hydraulic 10
Concrete Breaker 1.2 m¥min 50 | Also for _
Bar Bender ¢ 3200/m 10 | Sub/Superstructural Work
"Bar Cutler ¢ 32m/m 10 | Sub/Superstructural Work
Concrete Mixing Plant 70 m¥hr 10 | Sub/Superstructural Work
Transit Mixer 8 m?® 60 | Sub/Superstructural Work
Concrete Vibrator 200kw 100 | Sub/Superstructural Work
Concrete Pump 50 m¥he 10 | Sub/Superstructural Work
~Wheel Loader 1.5 m? 10
Vibratory Rolier 6ton, 80ps 10
Asphalt Finisher 2.5~4.5m, 43kw 10
3.Superslructure Work
Truck Crane 35ton Hydraulic 10
Truck Crane 50ton Hydrau!ic 20 | Advance Shoring Ass.iDis.
Advance Shoring 30mx2lancs Hollow 10
Advance Shoring Slab 7
Stressing Jack 40mx3cells Box 20
: Grout Pump 20
4.Pavement Work _
~ Asphalt Mixing Plant 10
Bitumen Distributor 40~65tonshr 10
Macadam Roiler 16ps 10
Preumatic Tire Roller 10~12ton 10
Asphalt Finisher 10~15ton 10
5.0thers 2.5"4.5!]1, 43w
Gas Cuiter
Welding Machine 20
Engine Generator 100A/25V 30
Air Compressor 100~150KVA 20
Dump Truck 7~11 m’/min, 85~1 iOpS 30
Trailer 8 m? 10
Truck 30~50ion 20
10~151on
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Table 16.2-4 List of Equipment for Central Urban Bus Terminal Conslruction

Name of Equipment - Type/Capacily Number Remarks
1.Earth Work :
Back Hoe 1.0m’ 2
Vibratory Compactor  |3.5 ~ 5.0 ps 1
Motor Grader 120 ~ 130ps 1
Wheel Loader 1.0m? |
2.Aggregate Course
Motor Grader 125hp 1
Vibrating Roller 10 ton 1
Water Truck 2,0001~3,0001 1
3.Pavement Work
Asphalt Mixing Plant |40 ~ 60tom/hr. 1
Pneumatic Tire Roller {10 ~ 15 ton 1
Tandem Roller 8~ 12ton 1
Vibratory Steel Roller |5 ~8ton 1
Vibratory Steel Roller |3 ~ 4 ton 1
Asphalt Paver 24m ~4.5m 1
Bitumen Distributor  [2,0001 ~ 3,0001 |
4.Concrete Pavement Work _
Concrete Mixing Plant [60m®/hr 1
Transit Mixer 5.0~ 7.0m’ 3
Vibrator 0.05m dia. 1
Concrete Culler 50ps, H,,=40cm 1
5.Building
Concrete Mixing Plant [60m’/hr 1
Transit Mixet 50~ 7.0m’ 3
Truck Crane 10 - 20ton 2
Concrete Pump 70 to 80 m’/he 1
Tower Crane 8.0ton 2
Concrele Mixer 0.1cm® 3
4.0thers
Generator 65~ 80 ps 6
Air Compressor 30 ~ 50 ps 6
Truck Crane 2-5ton 6
Excavator 0.8m3 6
Dump Truck 7.0m’ 6
Lane Marking Machine 1
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Table 16.2-5 List of Equipment for Suburban Bus Terminal Construction

MName of Equipment Type/Capacity Noeniber Remarks
1.liarth Work T
Back Hoc 1.0nY 2
Vibzatory Compactor 35~50ps 2
Motor Grader 120 ~ 130ps 2
Wheel Loader NIy 2
2.Aggrepate Course
Motor Grader 125hp 2
Vibrating Roller 10 ton 2
Water Truck 2,000) ~3,0001 2
3.Pavement Work
Asphalt Mixing Plant 40 ~ 60tom/hr, 2
Pneumatic Tite Roller 10 ~ 15 ton 2
Tandem Rolier 8~12ton 2
Vibratory Stcel Rotler 5~8ton 2
Vibratory Steel Roller J~dion 2
Asphalt Paver 2.4m ~4.5m 2
Bitumen Distributor 2,000 1 ~3,0001 2
4.Concrete Pavement Work
Concrete Mixing Plant 60m’/hs 2
Transit Mixar 5.0~ 7.0m? 6
Vibrator 0.05m dia, 2
Concrete Cutter 50ps, H,...=40cm 2
5.Building
Concrete Mixing Plant 60m’hr 2
Transit Mixer 50~ 7.0m* 6
Truck Crane 10 - 20t0n 2
Concrete Pump P
4.0Others
Generator 65 ~ 80 ps 3
Air Compressor 30~50ps 3
Concrete Mixer 0.tem® 9
Truck Crane 2-5lon 3
Excavalor 0.8m3 3
Dump Truck 7.0m’ 9
Lane Marking Machine 3
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16.2.3. WORKING PROGRAM FOR TRUNK BUSWAY

Net working days of the region arc as shown in Table 16.2-6,

Working program of cach project is identified to examine project scale, characteristics and
conslruction plan. Working progeam for express busway viaduct is shown in Table 16.2-7.

Working program for Avenida Caracas and Autopista Norte are as shown in Table 16.2-8
and Table 16.2-9.

Table 16.2-6 Net Working Days

Moath :

ftem 1 | 2 | 3] 4516718 [wo]jnli]|™

| Cateadar Days 3| 28] ) o) a3} 30| 3| 3| 30] ai| 30| s1] 36s
Sundays 5 4 41 5|1 4 4 S 4 4 3 4 5| 53
National Holidays 2 0 1 2 2 3 1 2 o) 1] 2 2 18
Rainy Days 2 2 3 -3 5 2 2 3 2 3 3 2 32
Totat Non Working D. 91 . &6 8 10 11 9 8 g 6 9 9 g1 103
Net Working Days . 22 22 23 20 20 21| - 23 22 24 22 21 221 262

Note 1 Average Month = 262/365x100 = 71.2%, 22days/Month
Calcetation of Non Working Days by Rain was based on the observation data of National University
Non Working Days by Rain = Average rainfalt depth of month / Average maximum rainfalt depth of month x 0.60

Table 16.2-7 Express Busway Viaduct Working Program --24spans

st Year 20d Year - 3td Year
TEEEEREREDDTEE o 71 # slaofn]n2] uf 2§ 3] o] o 6] ] 8] 9frefufrz] Remarks

)
-
o
w

t. Mobilization

2. Preparatory Work

3. Temporary Work

4. Foundation Work
Cast In-sity Piling

3. Substructure Work

| __Pile Cap

Column

56, Superstruciure Work

Advance Shoring . -

Hollow Stab Deck

7. Incidental Work

Bridge Reiting

Surface Drain

Expansion Joint

Pavement

8. M&E Work

Noise Barrier dm

Street Lighting

9. Clearing & Pemobitization
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Table 16.2-8 Avenida Caracas Working Program

Work ftem

sf ol w1112

M bilizatiog [—

Farth Wiek

o

Ry al of Small Strocture P

Excavetion

Ceotextile and Back Fill

LHHL

3. Apgregaty Course

Subbase awd Base Course

3. Asphall Pavesents and Surfoce Trostment

Het Asphah Comyute Pav oonent

Cobor Asphalt Concrcte Peveionl

5. Porttand Cement Concrety Pay gment

POC Pavemant, k=150

6. Rridge Combiudtan

Przparatinn and Templasy Wik

Fowndation

Sulniructurg

Supertruciure

| Podostrian Beidge (11placi)
7 Incidvatal Constimtion

Drainzge .

Curb and Gurter (Cast la place)

Laaz Masking, Softid Line W 2 10cm(White)

Waiting Shed [3places)

Orihwer Incidental Consination

[E Demabitizating

Table 16.2-9 Autopista Del Norte Working Program

Work hem

st Year

o 71 3

Remarks

1. Mobilization

2. Earth Work

Removed of Small Srraciure

Excavition

Geolexlile and Back Fulf

3. Aggscgale Course

Subhase ind Base Course

4. Asphalt Pavements and Surface Trealmen

Hot Asphalt Concrete Pavement

Colog Asphalt Concrete Pavemeat

5.Poriland Ceavcot Concrete Pavemneal

POC Pavemeal, b=15cm

6.Bridge Conslruction

Pedesirian Beidpe (154m x 19, 108.5m x 1

7 Incidental Construction

Drainage

Cush and Gutier {(Cast in place)

Lane Marking, Solid Line W = 10cm(While}

Wiitiag Shed {34pTaces)

Orther Incidental Construction

3.Demobitization




- ) _Chapler 16: Conslruciion Planning and Cost Estimate.
16.2.4. CONSTRUCTION PLARNING FOR INNER RING EXPRESSWAY

In order to avoid interference from existing traffic and to maintain carriageway as much as
possible, the works are to be carticd oul day and night. As shown in Figure 16.2-8. The
substructure work will include the following:

1) to drive sheet pile together with temporary bracing,

2) to place temporary deck cover after primary excavation,

3) to drive ¢ 1.0m bored piles,

4} to carry out foundation cxcavation after all the piles are driven,

5) 1o place blinding concrete, treal pite head and assemble reinforcing bar and form-
work to place pile cap concrete,

6) to crect reinforcing bars and form-work for picr, and place picr concrete,

7) to carry oul back-filling, deck cover removal, sheet pile extraction and paving,
8) to assemble bracket /support for supporting soffit of pier head/beam and

9) to assemble reinforcing bars and form-work for placing pier head/beam concrete.

As shown in Figure 16.2-9, where head clearance is less than 4.5m, as in Calle 100, hanger
typc supporl is employed to support pier head.

And as shown in Figure 16.2-10, where Steel Column and Beam are employed,
substructure work above pile cap includes:

1) 1o embed anchor frame in pile cap concrete,
2) to erect steel column and
3) to provide temporary suppoit to support steel beam appropriately.
Each joint of structural steel is fastened by high tensile bolts and nuts with gusset plates.

Working area shall be protected from traffic by movable safety barrier and/or fence with
red warning blinking lights and ilfumination for night work.

L b

TEMPORARY SUPPORT |

Figure 16.2-8 Inner Ring Expressway - Substructure
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HANGER BEAM
i HANG DOWN BOLT
} 1 TEMPORARY SUPPORT
\y l FRAVE
X <
8 \ = l ' 8 TEMPORARY DECK COVER
123 300 Fi ] i bis am | 223
TEMPORARY SUPPORY _ | K
SHEET PILE
< Lﬂ Lo ¥ I~ P~

Figure 16.2-9 Inner Ring Expressway - Calle 100

TEMPORARY SUPPCRT

H~~
Ml

i

SEEIPRE

Figure 16.2-10 Inner Ring Expressway — Steel Pier and Beam

As shown in Figure 16.2-11, superstrucire work is carried out by using advanced shoring
method which places deck concrete (Hollow Slab) and travels span by span without any
interference with road traffic. As showa in Figute 16.2-12, where Steel Girder and Precast
Pre-Stressed concrete girder are used, movable type erection girder is used for erecting
girders to minimize an interference with road traffic. However, taking the existing traffic
condition into account, the major activitics of works are to be carried out during nighttime
when the traffic is lighter.
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Side  View
Ll L O
I
A8 0900311 D1 S ¥ ] v [‘h

Seition at Support

Figure 16.2-11 Inner Ring Expressway — Advanced Shoring

Woin Girder
(erection tuss)
+ Crab Hoist o
o
Stopper - Trovelting Rail jiad
1 - J o Beat Support
Brisge Girder Bridge Girds” eat Suppor
\E Sent Supp- viaduct Fier
L W.L
.3

Figure 16.2-12 Inner Ring Expressway - Erection Girder

Number of blocks for project is divided into forty three (43} blocks of maximum 480m in
lengih. '
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. . The Project of Highway and Bus-Lane of Santa Fo de Bogota,
16.2.5. LiST OF EQUIPMENT FOR IRRER RING EXPRESSWAY

List of cquipment used for the project is as shown in Table 16.2-10.

Table 16.2-10 List of Equipment for Inner Ring Express Way Construgction

Name of Fquipment Type/Capacity Number Remaiks
t.Foundation Work _
Truck Crane 20ton Hydraulic 43
Truck Crane 35ton Hydraulic 4}
Cencrete Cutter 20ps 43
Vibration Hammes 30kw High Frequency 43
Electric Drill 100kw 215
Pite Driver ( Eatih Drili ) ¢ 1000m/m, 125ps 43
Back Hoe 0.45m? 43
2. Substructure Work
Truck Crane 20ton Hydraulic 43
Truck Crane 35ton Hydraulic 43
Concrete Breaker 1.2 m¥/min 215 ‘
Bar Bender $32m/m 43 | Sub/Superstructural Work
Bar Culter @ 32m/m 43 | Sub/Superstructural Work
Concrete Mixing Plant 70 m¥hr 43 | Sub/Supcrstructural Work
Transit Mixer 8 m? 258 | Sub/Superstnictural Work
Concrete Vibrator 200kw 430 | Sub/Supesstiuctural Work
Cuncre_te Pump SO m¥hr 43 | Sub/Supesstructural Work
Wheel Loader 1.5 m? 43
Vibratory Roller 6ton, 80ps 43
Asphalt Finisher 254 Sm. 43w 43
3.Superstructure Work ’
Truck Crane ; 6|
. Truck Crane ggtgg gigzz;:z 86 | Stecl Gantry Frame
Advance Shoring 0mx2anes  Hollow .7 | Ereclion, Advance
Advance Shoring Slab 25 | Shoring / Erection Girder
Advance Shoring 0mxdlanes  Hollow 2 | Ass./ Dis.
Erection Girder Slab 1l
Pneumatic Torque Wrench 0muGlanes  Holtow 70
Stressing Jack Slab 86
Grout Pump N 86
4.Pavement Work 30~50mx100ton
Asphalt Mixing Plant St 43
Bitumen Distributor f:gpsﬁston/hr 43
Macadam Rotler 10~§2ton 43
gnellllmatic Rc‘)}ller 10~15ton :g
sphalt Finisher N ,
5. Others 2.5~4.5m, 43kw
Gas Cutter
Welding Machine 86
Engine Generator :%‘jﬁgz\% 129
Air Compressor 7~t1 m¥min,85~110ps 86
Dump Truck 8 ny? 215
Trailer 30~50ton 30
Truck 10~15ton 86
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_________ Chapler 16: Construction Planaing and Cost Eslimate,
16.2.6. WORKING PROGRAM FOR INNER RING EXPRESSWAY
Net working days of the region is as shown in Table 16.2-11.

Working programs are carricd ount, based on Table 16.2-11, and as shown in Table 16.2-12
and Table 16.2-13.

Table 16.2-11 Net Working Days

Month Total
1 2 3 4 5 6 7 8 9 w |l ™
Catendar Days 31 3 ol s} 3ol a3} 31| 30| 3| 30] 3] s

Item

Sundays 5 4 5 4 5

F

33
13

o 3 1 ) 1

~

National Holidays 2
Rainy Days 2 2 -2 2 3 32

w e lea
b

|
L a;.n-;g

OO0 [t [ | L |
WO [l | b [
w
Dot B (WA

Tota] Non Working D. 9 10 11 9 8 6 9 9 103

Nel Working Days 22 n 23 20 20 21 23 22 24 22 2] 22 | 262

Note:  Averzge Monsh = 262/365x100 = 71.2%, 22days’Month
Calcolation of Non Working Days by Rain was based on the observation data of National Usiversity _
Non Working Days by Rain = Average rainfall depth of month / Aveiage maximum rainfall depth of month x 0.60

Table 16.2-12 Inner Ring Expressway Working Program - Avenida Seplima

150 Year 203 Year  3td Yea 4th Year
[} ERE SR = A L o of 3] of w[enfer]a2F 3] 3 dd Ay dedidiclof 45 o] of of A of didudis} Remarks
1. Mobilization -
2, Freparatory Work et v
3. Temporary Work -
1. Foundaiion Work.
- Cast In-situ Filing
5. Substewctural Work
Pile Cap
Columa
Beam
5. Supersienciural Work
Advance Shoring +
Hollow 51ab Deck
7. Incidertal Work
Bridge Bearing
Surface Drain
Expanasion Joint
Pavenwent
8. MLE Work
__ Noise Barsier
Strect Lighting
9. Cleaning & Demobitization

I
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Table 16.2-13 lnner Ring Expressway Working Program ~ Avenida Quito Steet

' ) st Year 2ad Yeas d Year 44h Year
A dd 3 adodid o] of of o sEe] A ef shelv]ood of | o o of o} ol 8] sTeodudied o] of o o o of o o] oleofurfry] Remarks
1. Mobilization . =
2. Pecpatatory Work et O 7
3. Temporaty Work e

4. Foundation Work

Cast Ia-sity Piling
5, Subsirgctural Work

Pite Cap

Colump 1

Column 2

Beam
5. Supersiructugal Work
Erection Girder Py E
Girder Erection
| StabConersie

2. Incidental Work

Bridge Railing
Surfacé Drain
Expannsion Joint
Pavement
8. M&E Work
Noise Barrier
Strcet Lighting . 1
9., Cleaning & Demobilization
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16.3. VOLUME OF WORKS

16.3.1. TRUNK BUSWAY FACILITIES

Volume of works for the trunk busway facililies is as shown in Table 16.3-1. Volume of
Work for Express Busway Viaduct is as shown in Table 16.3-2 and for Autopista del Sur
Fiyovers is as shown in Table 16.3-3 respcctively.

Table 16.3-1 Volume of Works — Trunk Busway Facifities

Work ltenm Unit ‘Total Quantity
1. Barth Work
Excavalion Common Soil (Waste) m’ 1,110,632.00
Removal of Existing Drainage m -58,713.00
Back Fill : m’ 560,915.00
Removal of Concrete Curb and Gutter m 22727200
Scarification of Existing Asphalt Pavement m? 1,009,096.00
Removal of Existing AC & PCC Pavement m? : 335,944.00
Geotextile m’ 632,642.00
2. Agpregate Course
Subbase Course, maximum size 40mm m? 388,109.00
Base Course, maximum size 40mm m 234,296.00
3. Asphalt Pavemenls and Susface Treatment
Asphall Prime Coal ton 786.47
Asphalt Tack Coat ton - 1,047.68
Hot Asphalt Concrete Pavement Binder Course ton 148,932,415
Hot Asphall Conciele Pavement Surface Course {on 81,7023
Cotor Asphalt Concrete Pavement (Red Color) ion 111,954.16
4.Portiand Cement Conerete Pavement .
PCC Pavement, 1=15cm 7 m? 8,784 81
5 Building -
Building A . m’ 11,776.00
Building 8 m 2,773.00
6.B1 idge Construction
Pedestrian Bridge m 5,914.00
7.Incidental Construclion
R.C Pipe Culvert  600mm dia. m 50,547.00
R.C Pipc Culvert - 900mm dia. ' m 230.00
R.C Pipe Culvert  1,500mm dia. m 22,236.00]
Drop Inlet each 1,513.00]
Curb and Gutter {Cast in place) m 336,954.00]
Concrele Boundary Block m 18,385.00)
Guard Fence m 2,199.00
Lane Marking, Sotid Line W = 10cm{White) m’ 92,287.00
Waiting Shed m 16,237.00
8.Bus Facility
BusStop Type I —Type 9 each 223.00
Bus Tesminal Suburban Type | each 2.00
Bus Terminal  Suburban Type 2 each 200
Bus Terminal  Suburban Type 3 each 1.00
Bus Terminal _ Suburban Type 4 each 2.00
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Table 16.3-2 Volume of Works ~ Express Bus Way Viaducl

| Work llem Uait Quanlily |
1. Substructure S
| SheetPile m 288,348.00
| Excavalion m? -105,305.00
Back Fill m? 77,391.00
Cast In Situ Pile_$ 1,000 _m ... 109,700.00
Reinforcing Bar [ 6,769.00
Concrele  300kg/cm? n? 70,028.00
A.C. Pavement t 130.00
2. Superstrugiure
Reinforcing Bar t 13,068.00
Concrele  400kg/ coi? m’ 135,332.00
| Pre-stressing - 4,064.00
Noise Bairier h = 4.0m m_ 28,790.00 |
A.C. Pavement t 19,216.00

Table 16.3-3 Volume of Works - Autopista del Sur Flyovers
Work Hem LUnit Quantity
1. Substructure
Sheet Pile | 91,228.00
Excavation m? 44,624.00
Backfilling m? 48,719.00
Cast In Situ Pite O 1,000 m 34,250.00
Reinforcing Bar i 2,405.00
Concrete  300kp/ cm? m* . 30,881.10
A.C. Pavement 1 840.00
2. Supersiructure :
Reinforcing Bar t 3,119.40
Concrete  400kg/ cn? m? 18,625.60
300kg/ cm? m? 10,790.00 |
Pre-stressing { 951.10
Noise Barrierh = 4.0m n 12,580.00
A.C, Pavement { 4,932.00

16.3.2. INNER RING EXPRESSWAY

Volume of works (quantitics) for Inner Ring Expressway are as shown in Table 16.3-4.

Table 16.3-4 Volume of Works — Inner Ring Expressway

Work item Unit Quantity
1. Substruclure
| SheetPile m 574,503.00
Excavation m* 210,466.00
Backfilting m? 153,632.00
Cast in Situ Pile ¢ 1,600 m 280,545.00 |
Reinforcing Bar t 16,055.50
Concrele  300kp/ cm? m* 172,975.50
Steel Pier t 12,211.60
2. Supessiruclure
Reinforcing Bar 1 22,181.50
Concrete  400kg/ cm? m? 214,625.00
300 kpfem? m? 18,945.80
Pre-stiessing | 6,666.60
Steel Girder 1 11,550.00
Noise Barrier h = 2.0m m 24,875.00
AC. Pavement 1 3520120
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- Chapter 18 Construction Planning and Cost Estimate,
16.4. PROJECT COST-

The project cost consists of construction, materials, fabor, land acquisition, compensation
and engineering costs. Most of these costs are estimated based on the unit cost of work
items obtained from a unit price analysis and in comparison with costs of similar projects in
Santa Fe De Bogota. The estimate of the project cost was based on the tesults of preliminary
engincering design, quantify take-off of cach work item, and the studics on construction
method and operation and maintenance.

The fundamental concepts in estimating the project cost are as bellows;

1) Unit cost of each cost component was determined based on the cconomic condition

prevailing in November 2, 1998 (1US$ = 1,580 Colombian Pesos,1 US $ = 116
Yen)

2) Engineering services cost is assumed to be 6% for detailed engincering and 8% for
construction supervision of the construction cost.

3) Land acquisition and compensation cost is estimated by report of “Precios Suclo
Urbaxio y Formacion de !a Reata en Santa Fe De Bogota” March 1998. Economica

Consultoges and “El Valor Del Suelo Urbano En Bogota 1998” Dccember 1998,
LONJA.

4) Physical contingency is estimated to be 10% of the total of construction cost and
engineering services cost,

The projects are estimated in financial cost.

16.4.1. CONSTRUCTION COST

{1} Unit Construction Cost

Most of the items of unit cost data required to implement the projects were collected from
similar soad projects currently being under construction in the city. Since some of
construction materials are not available in the country, unit costs of these items were
estimated as imported from North America or Central America. The coliected data
includes the unit costs of individual construction materials, labor and equipment, The unit
costs of major work itcms were also oblained.

1) Unit Labor Cost

Table 16.4-1 includes the labor cost for local workers required for implementing the
Project. The labor cost includes allowances such as social benefits, insurance, ctc. and is
based on eight-hour work per day,
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Table 16.4-1 Unit Labor Cost

Classification Class Basic Pay Romarks

Fareman A 835 US § / Month

Poreman B 645 US § / month

Machine Opcrator A 8US$/Day

Machine Gperator B 9 US §/Day

Operator 6 US$ / Day B
- |Tradesman A 304 US § / Month . B

Driver 297 US § / Month

Labor A 1.6 US § / Hour

Labor B 1.8 US$ / Hour

Labor. C 1.9US $/Hour

Technician A 2.4 US $/ Hour

Technician B 2.7US $/ Hour

‘technician C 2.8 US §/ Hour

Enginecs A 1,208 US § / Month

[Engincer B 332 US § / Month

Dsaftsman 322 US $/ Month

Security Guard 422 US § / Month

Note: Salary includes the social security expenses ynder law
Apptied price rate is 1US$ = 1,580 Pesos ,al  Nov.2,’98

2) Unit Construction Material Cost

The material costs arc shown in Table 16.4-2, which also clarifies the source of each
material. The cost of the imported material is based on the CIF Buenavenlura port
including handling charge, import duties and customs clearance charges. The cost of local
materials is based on the market price in the city.

Table 16.4-2 Unit Construction Material Cost

Materials Unit  |Cost{US $)] Source Remarks

Diesel Fuel gal 0.84 Local
Gasoline, Leaded gal 1.06] Local

Unleaded _gal 0.85 Local
Bitumen Pen. 60/70 ki Imported |Venezuela
Emulsion ‘ ki 1.73]  Local
Reinforcing Steel, 9mmi~16mm kg 043 Local

19mm-~ kg 043 Laocal

Structural Steel kg .43} Imported {Venezuela
Cement ton 135.63} Local -
Concrele Agprepate m’ 18.99] . Local
Sand m 16,46]  Local
Base Course m’ 14.63  Local
Subbase Course m? 22.85] Local
Concrete for Pavement 45kg/m’ m’ 103.29] Local  |Hauling Distance Skm
Structural Concrele 3000psi w’ 93.42f Local Using Concrete Pump
Structural Concrete 5000psi m’ 113.10 Local Using Concrete Pump
Crushed Rock for Stone Masonry m’ 12.66] Local
Lumber Im 12.34 Local
Plywood t = 12mm m’ 13.54] Local
PVC Conduit, 50mm m 2.44 Local
Concrete Pipe, 24' m 41.70]  Local
Concrete Pipe, 36' m 81.91 Local
Concrete Pile, 18" x 18' m 40.16 Local
P.C. Grader, L = 30m m’ 182.01} Local

Note ; Applied price rate is 1USS = 1,580 Pesos , at Nov.2 98
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3) UnitCo

The equipment cost used for the estimate of the project is presented in Table 16.4-3 on

hslruction Equipment Cost

hourly rental basis.

Table 16.4-3 Unit Construction Equipment Cost

Equipment TypeModel Cost (US§/Hr) Remarks
Mobile Crane 10on~201on 65.82
20ton~4¢ton £8.10
40ton~60ton 113.61
60ton 17949
Hydrauvlic Backhoe 0.60m3 69.24
§.00m3 9424
Buildozes DS(165H.P) 2532
DI{405H.P) 3197
B10(520H £) 41.14
R/T Lnader 07603 2522
19im3 56.96
Motor Grader 120H.P~130H.P. 7166
Macadam Reller 10ton<12ton 11.08
Tandern Roller Bton~i2ien 19.30
Vibratory Steel Roller T0H.P-80H.P, 28.67
Poeumatic Tire RoMer J0H.P~-80H.P. 3166
Asphalt Paver 3.05m 112,85
Bitumen Heater/Sprayer 800 Gallons 17.0%
Compressod ] 40H.P~50H.P: .18
Backhoe wiloader 0.04m3 21.14)
Truck w/crane 3ton crane 29.18
Roadplaner RX-30 Dynaplane 11196
Crushing Plant Portable 60%on 40.38
Asphalt Mixing Plant 4A0on/he-60onhe 55.57
Concrele Batching and Mixing Plant - [20m3~30m3/hs 3348
Concrete Transit Mixer 4~5m3 14.87
Concrete Pump S0m3/he 2924
Dump Truck 4.0m3 18.10
Dump Truck I5ton 18.13
Truck Slon 14.87
Truck 12ion 16.20
Pick-up 2ton 13156
Generator 13511 15.57

Note: All prices are houly rental rate. Monthiy or weekly contract can reduce the rental price.

Source; Applied exchange rate is 1US$ = 1,580 Pesos at Nov. 298,

Foreign, local and VAT component of labor, materials and equipment is as shown in Table
16.4-4,

. Chapter 16: Conslruction Planning and Cost Esfmate.

Table 16.4-4 Foreign, Local and VAT Component of Labor, Material and Equipment

. Component (%) '
ftem " Foreipn Local VAT Remarks
 Skilled Forelgn Labor 7% 8 16
Skilled Local Labot (1] 84 t6
Unskilled Labor 0 84 6
Ordinacy Pontland Cement 46 18 16
Reinforcing Bor 59 _ 25 16
Lumber 34 50 16
Asphaly S0 34 15
Dicsel Oil 50 34 16
Engine Oil 50 34 3 16
Tires 50 34 16
Locally Procered Mics, Materials 34 50 16
Heavy Equipment 59 25 16
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4) Unit Consfruction Cost

‘The major unit construction cost of the work items for the project ate shown in Table
16.4-5.

Table 16.4-5 Unit Construction Cost

Work Hem Unit Unit Rate
usg |
L. Earth Work
Excavation Soft Soil (Waste) . m’ i
Excivation Common Soil (Wasle) Om to 2m of Depth m! 1.60
Escavation Common Soil {(Waste) 2m (o 3.5m of Depth ' 3.54
Boirow Material m’ 12.72
Back Fill n 2307
Removal of Existing Drainage ' m 11,70
Removal of Concrete Cutb and Gutter m 2.90
Scarification of Existing Asphalt Pavemeny, L= dem m! 5.70
Removal of Existing Asphalt Pavement, | = 15cm m? 12.06
Removal of Existing PCC Pavement with Asphalt Overlay m 21.93
Geolextile m’ 1.12]
2. Aggregate Course
Subbase Course, maximum size 40mm n’ 3741
Base Course, maximum size 40mm m 56.02
3. Asphalt Pavements and Suiface Treatment
Asphalt Prime Coat t 44333
Asphalt Tack Coat | 44333
Hot Asphalt Concrele Pavement I §0.40
Color Asphalt Concrete Pavement (Red Color) i 241.20
4.Ponland Concrete Cement Pavement
Poritand Concrete Cement Pavement, 1 = 25¢cm m* 139.40]
5.Stuctaral Embankment
Riprap m’ 68.93
Concrete Retaining Wall{Gravity Type), H = 2.0m m_ 185.97
6.8Bridge Construction
Structyral Concrete  3,000psi m 170.27
Structural Conceete  5,000psi m’ 150.93
Lean Concrete m? 122.98
Reinforcing Steel : : i 73340
PC Prestressing t 3283347
Sheet Pile m 98.29
Erection of Concrete Girder m? 162.34
Erection of Steel Girder ) i 766.69
Secel Girder i 363324
Suppart : m’ 145,57
Cas? in Place Pile 1,000mm dia nit 263,80
Pedestrian Bridge . m 680.00
Noise Barrier, H = 5.0m m $00.00
7.Tunnel Do
Portal and Tunnel Excavation m 1,062.67
Veatilation, Lighting, etc. LS 108,800.00
8.Incidental Construction
R.C Pipe Culvert - 600mm dia. - m 47.13
R.C Pipe Culvert  900mm dia. m 92.55
R.C Pipe Culvert  1,500mm dia. m 198.47
Drop Inlet each 43597
Concrete Curb (Cast in place) m 28.56
Concrete Boundary Block m 22.96
Guard Rail m 45.92
- Guard Fence ' m 2293
Regulatory Traffic Sign cach 64.33
Informalory Siga cach 1,066.67
Lane Marking, Solid Line W = 10cm{White) o’ 12.00

Note ; Applied price rate is 1USS = 1,580 Pesos, at  Nov.2,'98
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(2) Construction Cost for Trunk Busway Facilities
Construction cost of cach project is as shown in Table 16.4-6.

Table 16.4-6 Construction Cost of Trunk Busway Facifities

Length |Road Costy Viadust  and ] Mobilization Tolal of
Road Name (km) Flyover Cost | & Demobi. Construction
(Place) | (MUSS)] (MUSS) MUSS) Cost{M US $)
Autopista Del Norte 17.240F  39.244 0.000 3.924 41.168
Avenida Caracas 17.575 24499 242.112 26.661 293272
Avenida Suba (1) 13.150 5479 0.000 0.548 6027
Avenida Suba (2) - 2.140 093 0.000 .09} 1027
Autopista Del Sur 11.095] | 25.266 77,162 10.242 112,670
Central Bus Terminal M 22584 0.000 2.258 24.842
Suburban Bus Terminal 2 2.486) 0.000 0.149 1635
Type |
Suburban Bus Terminal 1 1.413 0.000 0.141 1.554
Type 3
Suburban Bus Terminal | 0.807 0,000 0.081 0.888
Type 4 :
Ave. l’nmcm De Maye 1020 0.371 0.000/ 0.037 0.408
Cra. 7a [ Cra, 10 24060 11.699 0.000 1.370 15.069}
Ave. Cindad de Quito 16.325] 16567 0.000] 1.657 18,224
Calle 68 / 100 17.525 6.093 O.CI)OI 0.609 6,702
Calle 170 . 5120 2218 0.000] 0,221 2,432
Svburban Bus Terminal 2 1.256 0.000) 0.126 1.382
Typt 2 '
Suburban Bus Termiaal 1 0.807 0.000 0.083 0.858
Typs 4
Total 125320] 162716 319274 48.199 530,188

Note : Length of Avenida Caracas Viaduct = 14.5km

(3) Construction Cost for inner Ring Expressway

Construction cost of the inner ring way is as shown in Table 16.4-7.

Table 16.4-7 Inner Ring Expressway Construction Cosl

Length Viaduct Cost | Mobilization Total
Demobitization Coat
(km) (MUS$) @MuUss)y | (Muss)
Supet Structure 15.0 217444 21.741 239.155
Sub-struclure 150 241,081 24.108 265,189
Total 15,0 458.495 45.850 5&.344

16.4.2. LAND ACQUISITION AND COMPENSATION COST

Land acquisition and compensation cost are estimated based on the preliminary design on
the trunk busway and inner ring expressway study. The affected area is classified based on
the land development plan of Bogota Municipal Government. Compensation cost for the affected
houses and lands by widening of road, construction of express way and bus terminals are estimated
based on land prices on similar projects in the city.

Resetttement Cost for inhabitants who lose their houses to live is also calculated,

{1} Trunk Busway Facilities

The estimated land acquisition and compcnsauon cost of trunk bus way is as shown in
Table 16.4-8 to Table 16.4-11.
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Table 16.4-8 Land Acquisition Cost - Trunk Busway

Road Name 1ocation Arca (m2)|Classification Unit Cost |  Land Cost
(US $/m2)| Cest(US §)
Avenida Caracas  |Av.Caracas cor. Calle81  Right side 3,715 C 510 446,250
Autopista Del Sur  |Av.Quito cor. Calle§ Left Side 1,900 C 320 1,600,000
Avenida Quito km 14840 - km 24580  Both Side 8,880 R 475 4,218,000
Avenida Quito km 24580 - km 3+865 Right Side 38551 R 4751 1,831,125
Total 18,350 8,095,375

Note: Land Acquisition Cost applied {rom "Fl. VALOR DEL SUELO URBANO EN BOGOTA 1593", LONJA, DE
PROFIEDAD RAIS DE BOGOTA

Land Chassification; P = Pasture, A.S = Asphalt Plant, € = Commercial, R = Residentiat

Table 16.4-9 Compensation Cost - Trunk Busway

Road Name Building Affected Family Total
Number | Cost{US$) | Number | Inhabitant | Cost{US$) {US$)

Avenida Caracas 17 2,108,688 23 77 73,600 2,182,288

(Resetilement) 1,362,397 1,362,397

Autopista Del Sur 7 313,000 24 79 76,800 589,800

{Resetilement) 1,362,367 1,362,397

Avenida Quito 0 0 o 0| 0 0

Avenida Quite ¢ 0 ¢ 0 ¢ 0

Total 24] 5346482 41 156 150,400/ 5,496,882

Table 16.4-10 Land Acquisition Cost -- Bus Terminal
Busway Route Name Classification of Arca Classification | Unit Cost Land Cost
_ Bus Terminal (m2) (US $/m2) Cost (US $)

Autopista Del Norie Suburban, Typel 9,818 P 230 2,256,300/
Aventda Caracas Suburban, Typel 9,810 AS 35 539,550
Avenida Suba Suburban, Typed 9,180 P 100 218,000
Autopista Del Sur Sububan, Type3 15,450 P 85 1,315,800
Central Bus Terminal Centeal 23,750 C/IR 635 15,081,250
Carrera 7a Suburban, Type2 - 8,100 p 235 1,822,500
Carrera 7a Suburban, Typed 9,180 P 90 826,200
Calle 170 Suburban, Type2 3,100 g 330 3,078,000
Total 93,410 25,837,600

Note: Land Acquisition Cost appliéd fram *EL VALOR DEL SUELO URBANO EN BOGOTA 19937, LONJA, DE
PROPIEDAD RAJS DE BOGOTA

Land Classification: P = Pasture, A.$ = Asphalt Plant, C = Commercial, R =Residential
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Table 16.4-11 Compensation Cost - Bus Terminal

[ Busway Routs Name Building Affected Family “Tolal
Number Cost{US §) Number I Inhabitant | Cost{US $) (US §)
Autopisia D¢l Norte 0 ol 0| 0 0 0
Avenida Caracas Y 0 0 0 i} 0
Avenida Suba 0 0 0 0 0 0
Autopista Del Sur 0 0 0 0 [ 0
Central Dos Terminal - 69 8,348,320 133 447 425,600 8,7713920
(Resettlement) 4,741,699
Caigera 7a 0 0 0 0 0 ¢
Carrera 7a 0 14 0 G 0
Calle 170 | 0 0 of o 0
Total 69 8,348,320 133 447 425,600 13,517,619
{2) Inner Ring Expressway
The estitated land acquisition and ¢ompensation cost for the inner ring expressway is as
shown in Table 16.4-12 to Table 16.4-13.
Table 16.4-12 Land Acquisition Cost - Inner Ring Expressway
Road Name " Location Area Classification Unit Cost Land Cost
: (m2) (US $/m2) | Cost(Us$)
Cr.7a f Av, 100 Corof Cr?a IAQ. 100 3,588 C 635 1,198,880
Avenida Quito Km8+ Left Side ' 3,135 C 320 1,000,000
Total | soiy] 2,198,850
Note: Land Acquisition Cost applied from *EL VALOR DEL SUELO URBANO EN BOGOTA 1995°, LONJA, DE
PROPIEDAD RAIS DE BOGOTA
Land Clacification: P = Pasture, A.S = Asphalt Planl, C == Commercial, R = Residential
Table 16.4-13 Compensation Cost - Inner Ring Expressway (including express busway viaducl)
Road Name Location Building Affected Family Total
Number | Cost{US $) | Number | Inhabitants | Cost{US §) (US )
Cie7af Av. 100 Cor.of €r7afAv. 100 12 454,200 14 46 44,800 499,000
Avenida Quito km 8+ 1efSide 211 1,331,250 21 70 67,200 8,398,150
(Resettlement) - 2,013,582 : ‘ 2,343,582
Total 3] 3,829,032 35 116 182,000 3,941,032

16.4.3. ENGINEERING COST AND CONTINGENCY

Enginecring cost consists of the consultancy cost required for the Detailed Design and
Construction Supervision of the project implementation. The engineering cost of the
detailed design is approximately 6% of the construction cost, and for the construction

supervision is approximately 8%, thus total engincering cost becomes 14% of the
construciion cost.

Physical contingency is estimated as 10% of the construction cost and engineering cost.
Price contingency for the project is not estimated at this stage.
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(1) Trunk Busway Facilities
Summary of the project cost for each Lrunk busway is as shown in Table 16.4-14.

Table 16.4-14 Project Cos! - Trunk Busway (including Express Bus Viaduct)

Cost Unit: Million

Length | Construction | Engincering Cost Tand Compensation Fhysical
Road Name (km) Cost{US3) |  (US§) | Acquisition Cost (US§) | Contingency Total
~ oD Cs (Us$) (10%) | (Us§)
Aulogista del Norle 12.240 s | 2501 | 3483 o000  ooo|  asn 54133
Avenida Caracas 17.575 26949 | - 1617 | 2156 0.000 o000 | 307 33794
Express Bus Viaduct | (14.500) 266323 | 15979 | 21.306 0.446 | 3555 | 30361 | 337960
Avenida Suba 1 13,150 6027 0.362 0.486 0.000 0.000 0.637 7.558
Avenida Suba 2 2190 1027 o0os2| ocos2| oo 0.000 o117 1288
Avtopista del Sur 11055 27,792 1.668 228310 0.600 0.000 3168 34.851
Flyovers _s48m] so92| 6790 1.600 1949 9676 | 109.987
Cental Bus Teyminal 2482 1451 1987 15.031 _1s1s| ®IGE 59751
| Suburban B.T. Type 1 1635 | 0093 | o131 2796 | 0.000 0.186 4816
Suburban BT. Type 2 1.382 0,033 0111 1.901 0.000 0179 6.634
Subusban B.T. Type 3 1.5 0.093 0.124 1.315 0.000 0477 3264
Suburban B.T, Type 4 761 0106 | 0142 1744 0,000 0.202 3971
Ave. Primero de Mayo 1.090 0403 0.024 003 0.000 0.000 0.047 0.512
Cra.7a/ Cra. .10 24.060 15060 | 0904 | 1206 0.000 0000 1718 18897
Ave, Ciadad de Quito 16.325 18.224 1093 1,458 6049 | 0000 ) 2018 28.902 |
Calle. 687100 17.525 6.702 0.102 0.536 0.000 0000 0.764 8404
Calle 170 5.120 2432 0.146 0.195 0.000 0,000 0277 3.050
5 Tolal 125320 530183 | 31811 12415 33932 15.015 60441 717.802
Note: IVD stands for Detailed Desiga (6%) and C/$ stards for Construction Supecvision (3%)
(2) tnner Ring Expressway
Summary of the project cost for the inner ring expressway is as shown in Table 16.4-15.
Table 16.4-15 Project Cost - Inner Ring Expressway
Cost Unit: Million .
Lengih | Constraction | Engineering Cost Land Compensation Physical
(km) Cost (US$) (USS) Acquisition | Cost (USS) Conlinpency Total
D/D CiS {US$) (10%%) (USS)
Superstruciure 150 232155 | 11349 19.132 - - 22261 299.900
Sub Structure 15.0 265189 15.911 21.215 219 3oy 30.231 338.636
Total 150 504344 | 30260 | 40347 21% 1941 57495 | 638586

Note: D/D stands for Detailed Design (6%) and C/S stands for Construction Supervision (8%)

16.5. MAINTENANCE COST

Maintcnance cosl of the project is estimated based on the applied practice on maintenance
worsks for similar roads and structural conditions in the city and is estimated for 20years,
On the busway, it is estimated that 5% of total length will require 4cm thick of overlay
every year for the first 10ycars. On the expressway, il is estimated that 2% of total length
will require Scm thick of overlay every year for the first Syears; and for the following S
years, 5% of total length will require the same thickness of overlay every year. For the

161



Chapler 16: Construction Planning and Cost Eslimale
batance 10ycars, 3cm thick of overlay will be required for both busway and expressway for
the whole length for one time.

{1}  Trunk Bus Way Facilitles

Maintcnance cost of each project is as shown Table 16.5-1

(2) Inner Ring Expressway
Maintenance cost is as shown in Table 16.5-2.
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Table 16.5-1 Maintenance Cost for Busway

Road f Bus Terminal Name Length [Numbgrof] Buslane Arca of Overlay |Open Year
Maintenance ecost
(km) Bus lane Width Bus Lang Cost Ist. fo]llth
10th Year §20th Year
{Place) (m) (m?) (US$/M3 {Us$) {US$)
b Stage 1
Autopista Del Norte, 3-lane 1.370 2|3.5x2=70 51,590
Scction
Autopista D¢l Norle, 5-lane 2,570 475 x 2 = 148,050
Section 15.0
Sublotal. 17.240 - 199640 39.54 20024 394,688] 769,377
Avenida Caraces, Viaduct 14.500 24.5x2=20 130,500
Section .
Avealda  Caracas, Trunk 13.975 2[40x2=80 111,800
Bus section .
Avenida Caracas, Mixed 3.600 2135x2=70 25,200
Lane seclion
Subtolal 17.575 267,500 3954 2003.7]  528,848] 1,057,695
Avenida Suba (1} 13.150 2]35x2=20 92,050 39.54 20016 181,983] 363,966
Avenida Suba (2) 2.140 2{35x2=70 14,980 39.54 2002.1 29,613 59,211
Autopista Det Sur, Viaduct 4.700 2{45x2=90 42,300
Section
Autopisia Del Sur, Under 4,700} 2140x2 =80 37,600
Viaduct Section
Autopista D¢l Sur, 4-lane 6,395 4175 x 2 = 95,925
Seclion 15.0 :
Subtotal 11095 175825 39.54 2003.4] 347606] 695,212
Ceatral Bus Terminal 1| 15882m¢ 15,882 2318 2003.7 36,814 55,222
Saburban  Bus  Terminal 1] 383%m? 3,839 © 2318 2002.1 B8] 13348
Type |, Apl.Note
Suburban  Bus  Terminal 1 3,830 3839 23.18 20037 8,899 13,348
Type 1, Av. Caracas ) :
Subutben Bus  Terminal 1| 7436m? 1436 23,18 200341 17,237] 25855
Type 3, Apt. Sus :
Suburban Bus Terminal 1] 3898m? -3,898 21,18 2006 20386 13,553
Type 4, Av. Suba :
Total of Stage 1 61,200 781,050 1,554,726 3.073,458
2. Stage il
Avenida Primero De Mayo 1.090 2|35x2=70 7,630 39.54 20048 15,085 30,169
Carrera 7a [ Avenida 10, 16.650 2|3.5x2=70 116,550
Cr.7a Section :
Carrera 72 / Avenida 10, 7410 470 x 2 = 103,740
Av.10 Section 14.0
Sub-total : 220,260 39,54 2004,8] 435513] 871,027
Avenida Ciuded de Quite 16.325 2435x2=70 114,275 3054 ©o0034] 225922 45181
Aveaida 68/ 100 17.525 2]35x2=70 122,675 39.54 2005.7|  242,523] 485057
Catle 170 5.120 2435x2=70] ~ 35840 39.54 2005,7 70,856 141,711
Suburban Bus Terminal 1l 3016m? 3016 23.18 20048 6,991 10,487
Type 2,Cr. 7a
Suburban  Bus Terminal 1| 3016m? 3,015 23.18 20048 6,591 10,487
Type 2, Calle170
Suburban  Bus  Terminal] 1] 3.898m? 3,898 23.18 20057 90346 13,553
Type 4,Cr.7a
Sub-tatal 64.120 507,624 1,005,930] 2,003,847
Total 125.320 1,288,674 2,560,656] 5,077,306

Note: Length of Caracas Viaduct = 14.5km
Suburban Bus Terminal ; Stage - Type 1 - Apt. Nort and Av. Caracas, Type 3 - Apt. Sur, Type 4 - Av. Suba

Stage 1l - Type 2 - Cr.7aand Calle 170, Type 4 - Av. 10
Maintenance cost of bus terminal applied 10% of first 10years and 13% of following 10 years for asphall overfay cost.
Thickness of aphalt overlay used 4cm for bus lane and Sem for bus terminal.
Asphalt overay cost included scarification, tack coat, pavement work and lane marking.
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. ‘?:;b!e 16.5-2 Maihtenance Cost for Inner Ring Expressway

[ Road Name | Length [Number] Busfane | Arcaof | Overlay |Open Year Maintenance cost
of {US$ / Year)
(kny) Lane Widih Bus Lane Cost ist.to |6thto 10th| I1lthto
5th 20th
(m) {m?) (US$/MY Year Year Year
Carerra Ta 2.50 4185x2=170 42,500 23.18 200611 19,703 49,258 98,515
Scction : ‘
Avenida 100 1.20 4|185x2 =170 20,400 23.18 2006.1 9,457 23,644 42,287
Section )
Avenida Quite] 11.30 4185x2=17.0 192,100 23.18 2006.0F  89033] 222.644] 445,288
Section ' :
Total IS.OO' 255,000 118,218] 295,545 591,090

Note: Thickness of asphalt overlay applied Scm.
Asphalt averlay cost inctuded scarification, tack coal, pavement work and lane marking.
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PART - E  PROJECT EVALUATION AND CONCLUSION

-

17. IMPLEMENTATION PLAN

17.1. TRUNK BUS SYSTEM
17.4.1, IMPLEMENTATION PROGRAM AND INVESTMENT {TRUNK BUS FACILITIES)

{1}  Characteristics of The Project
1} Structure

Busways: As already described in previous chaplers, bus ways for both of
cxpress and trunk bus ways will be segregated from other traffic
by color pavement, and bus stops will be newly provided.

There are two types of bus stop in gencral: bus stop at center
median and bus stop at sidewalk.

Bus stop al center median is connccted with sidewalk by
pedestrian bridge and/or pedestrian crossing for passengers to
get in and out.

Bus ways are classified as 10 roules as discussed eardier.

Bus Terminals; There are two types of bus terminals namcly central urban bus
terminal and suburban bus terminal.

Central bus terminal is a parlial double deck R.C. structure with
mezzanine {loor in it. Both 1* and 2™ floors are asphalt paved
with pedesirian bridges connecting bus bays. The 1% floor is
connected with the existing two roads and the 2 floor is
connected with express bus viaduct. Shops and other facilities
are accommodated on the mezzanine floor.

There arc four types of suburban bus tcrminals. They are
different in size, however, the number and type of facilities are
the same except for size. Bus bays are interconnected with
pedestrian bridges.

Express Bus Viaduct: Express bus viaduct has single lane dual carriageway concrete
structure with single pier at standard scction and twin pier rigid
frame at bus stops which are located at approx. 1.5km intervals.

Structure is supported by cast in situ pile of ¢ 1.0m and road
surface of P.C. hollow slab deck is [1.0m above the existing
road 1o pass over pedestrian bridges.

4.0m high transparent type noise barrier will be installed above
R.C. bridge railing of 1.0m height.

Flyovers: Flyovers for express bus are built at major intersection on
Autopisia det Sur. There are two types of flyovers namecly
flyover to pass over single intersection and flyovers to pass over
multiple inlersections.
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Smglc ﬂyovcr consists of R.C. columns and P.C. precast [
girders supposied by cast in situ piles of d 1.0m.

Multiple flyover is the same type of structure as express bus
viaduct.

At certain sections of multiple flyover, the same type of noisc
barricr as that of the express bus viaduct is instatled.

2) Construction

As described in chapter 16, in order to avoid any inlerference with traffic on roads,
major activities have (o be catried out in nighttime except for bus terminals construction
and some road works,

For structural foundation work, the road surface will be covered with temporary deck
cover in order not to reduce aumber of traffic lanes in daytime.

Care, attention and consideration shall be taken to ensure against tralfic congestion on
the lrafflc lanes.

Some fraffic has to be dwerted to other roads such as Avemda 7a and Avenida Ciudad
De Quito during the construction of express bus waduct over Avenida Caracas.

Working area is to be well protected from traffic by movable safely bamer and/or fence
with color blinking lights and illumination for nighttime.
(2)  Basic Concept of implementation Program

Implementation Program for trunk bus way facilitics is planned for a period of Gyears from
the middle of 1999 to the middle of 2005.

As shown in Table 17.1-1, depending on the route, the'defaited design work is to be started
from the middle of 1999 and construction is to be started at the beginning of 2000 with the

low cost and simple work, such as trunk bus and express bus system, at Aulopisia del
Norte.

Detailed design and construction of express bus way viaduct and flyovess together with

improvement of trunk bus system are to be started from the middle of 1999 and completed
in the middle of 2003.

Central bus terminal is to be started from the fniddie of 2000 and completed in the middle
of 2003 to accomplish express bus way system.

Land acquisition and compensation on cach route has to be completed within the period of
the detailed design. :

Detailed design period includes invitation and setection of contractor(s).

Implementation Program of each route is to be decided based on the idea for averaging at
allocation of funding at peak time.

{3) Implementation Program
As shown in Table 17.1-1, activities of each year are as follows,

1999:  Detailed design work for Autopista del Norle, Avenida Caracas including express
bus viaduct, Autopista del Sur including flyovers and Averida Suba 1.

2000: Detailed design work for Avenida Caracas,Avenida Suba 1, Avenida Suba 2,
Detailed design work Central Bus Terminal, Suburban Bus Terminal 1 and
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2001

2002:

2003:

2004:

2005:

‘Suburban Bus Terminat 3. Construction of Autopista del Noite, Avenida Caracas,

Avenida Suba 1, Autopista det Sur and Suburban Bus Terminal 3.

Detailcd design work for Avenida Suba 2, Avenida Ciudad de Quito, Central Bus
Tenninal and Suburban Bus Terminal2 and 4. Construction of Autopista det Norte,
Avenida Caracas, Avenida Suba 1, Avenida Suba 2, Autopista del Sur, Cental
Bus Terminal, ‘Buburban Bus l‘crmmal I and Suburban Bus Terminal 3.

Detailed design work for Suburban Bus Terminal 2 and Subusban Bus Terminal 4.
Construction of Avenida Caracas,Avenida Ciudad de Quito, Autopista del Dur,
Central Bus Terminal, Bus Terminal 2 and Suburban Bus Terminal 4,

Detailed design work for Avenida 7a, Avenida Primero de Mayo, Suburban Bus
Terminal 5 and Subutban Bus Terminal 6. Construction of Avenida 7a, Avenida
Caracas, Avenida Ciuda de Quito, Autopista del Sur, Central Bus Tcrmlml
Suburban Bus Terminal 2, 4,5 and Subusban Bus Terminal 6.

Detailed Design Work for Avenida 68-Callel00, Callel70 and Suburban Bus
Terminat 7. Construction of Avenida 7a, Avenida Primero de Mayo, Avenida 68-
Calle 100, Calle 170, Suburban Bus Tcrminal §, 6 and Suburban Bus Terminal 7.

Constniction of Avenida 68-Catle 100, Calle 170 and Suburban Bus Terminal 7.
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Table 17.1-1 Implementation Program — Trunk Busway Facilities

Project Name and Cost | Length | 1999 2000 2001 2002 .} 2003 2004 2005
M USS kny! MUSS MUSE MUSS MUSS M USS MUSS]L M USS
venida 7a 24.060 L
18.897 0.746 10,319 7832
| Antopisia del Norte 17,240
S4.133 1.899] - 26,592 23642
Avenida Cacacas/ Yiaduat | 17578 -
371.754 9,690 76,4751 126926] 126926 31.733
Avenida Primero de Mayo L1090
0.512 0016) 0496
Avenida Suba | 13,150 (- J—
7.588 0.263 4.736 2.557
Avenida Suba 2 (Calle 127 2.140
1,288 : 1.288
L Avenida Cludad de Quijto 16,325
28,902 0.401 14,492 14.009
Autopista del Sur/Flyover 11.095 |
144,838 RIWALY 31066 43,906 48.9 12.224
Avenida 68 - Calle 100 12,925
8.404 3621 47171
Calle 170 ; 5,320 —
3,050 1,316 1.734
Central Bus Teooinal C:I‘_—#
59,751 20,041 19,066 16515 4,129
[Syburtan Bus Terminal -1
3282 231] 097
Suburbag Bus Terminal 2 -
L564 0.305 1.016 0.242
Subuiban Bus Terminal 3 [— ]
2.002 0.17% L4131~ 0438
Suburban Bus Terminal 4 C:%
1264 0,726 2,015 0463
| Syburban Bus Terpinal 5
_2.689 0009 2201 0479
|Subuiban Bus Terminal 6 L
1.939 Q013 1,311 0.615
Suburban Bus Terminal 7 G
3943 0.015 3,519 2411
7128021 125320 152758 162.634] 227.2271 210698 16.662 17.884 6922
T3 Detailed Design
M Construction
(4) Required Investment

As shown in Table 17.1-1, investment required in each year to implement the projects is as
extracted in Table 17.1-2.

Table 17.1-2 Required Investment - Trunk Busway Facilifies

{Unit: Miltion US$)

2000

2001

2002

2003

2004

2005 Toial

162.636

221227

210.698

76.662

17.884

6.922 717.502
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17.1.2. DEVELOPH’ENT SCHEME

(1) Basic Guldeline
1) Trunk Bus System

Infrastructures for the trunk bus system should be properly devetoped by the Government,
which regards them as amenities to satisfy pcople’s basic nceds. In the long run, the trunk
bus operation under the proposed bus fare rate of 600 pesos per ride will generale about
US$ 70 million at the present value in an accumulaled profit between 2000 and 2020
{balance of revenue and operation cost). On the current fare rate, however, this business
will not pay. If it is possible for the bus companies 1o introduce a soft loan, the trunk bus
busincss generates a few profits under the proposcd farc rate. The loan is urgently nceded
to renew the current bus fleel. In principle, it is recommended (hat the profit is spent to
- upgrade the bus service or to reduce the bus fare.

2) Bus Terminals

The bus terminal projects are not only inevitable for the trunk bus system, but atso highly
profitable, possibly enough to invite private capital. As the private finance initiative {PFI)
scheme such as BOT or BLT could be considered, necessary incentives to invite the
private sector should be studied. Another way is that a new public bus company now
under planning by the Municipal Government of Santa Fe de Bogota should undertake this
project by itself, It would be a non-profit agency, and consequently, the terminal project
can benefit to passengers or operators through expansion or upgrading of bus infrastructure
or financing for new bus procurement. An advantage of this project is that the capital
rcquirement is rather small,

{2) Pubtic Bus Corpbration

The Municipal Government is now seiting up a new public company for operation of new
bus system.  According to the plan, the company will administer all the trunk bus routcs,
assigning them to the operators in the private sector with large-sized buses. The company
will have an important financial function 10 faiely redistribute a profil among the private
sectors in a reasonable way. By doing this, the member opcerators can work as if they
belong to one company and new services become possible such as farc reduction for
transfer from a trunk bus to another or to a feeder bus and introduction of a common ticket
system.

The public corporalion plan scems good and appropriate.  However, the company itself is
a public one and it should be noted there are few examples in the world of successful
operation of public transport directly operated by a government. A careful trial and error
approach will be needed so as not to choke frece competition and growth of a private sector
by an excessive control and inteevention by the public sector. To make this new trial
successful, three conditions will be essential: (1) To establish a system for information
collection and processing such as passenger volume by routes and proceeds, (2) To have a
powerful and capable unit of planning and analysis and (3) To realize a open system of
opcrational and financial information.

(3)  Toward a Rail Transit System

Bogota has a long history of a rail fransit plan but no single project has been realized yet.
In some cases, the Government looked for private sector financing for an urban railway
project. However, the requited amount of initial investment was too large while
passcngers paying capacity was too low to invite private capital.
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Many plans proposcd Av. Caracas as the first priority routc of a mass {ransit, ‘The strect
is onc of the routes with hcaviest demand in Bogota city, In the Study, an clevated
exclusive bus way is proposed along Av. Caracas. It will cost more than US$ 300
mitlions. However, according to our eslimate, the fime witl be between the year 2015 {0
2020 when the demand excecds the capacity of bus transport,

We, Iherefore, recommend strongly to design the structure so as to accommodate [uture
rail transit such as an LRT. For this, some modification of design will be nceded in its
vertical and horizontal alignment and the strength of the structure has to be checked, which
will possibly increase the cost a little.  However, by doing this, when the time comes, the
express bus system can transform to a mass transit system smoothly with some additional
cost. If the balance of the debt in the cost of the clevated structure is transferred from the
trunk bus to the mass transit, financial viability of both projects will be significantly

improved. A consensus formation for this policy is needed among related agencics as
well as among citizens.

In order to minimize the additional investment for introducing a rail teansit to the Caracas
trunk bus viaduci, the followings should be taken into account when designing and
constructing the viaduct,

¢ Alignment

The vertical and horizontal alignment of the viaduct should be designed to allow an casy
accommodation of a future vail transit system. The maximum gradient is 3.0 to 3.5%
and the curvature radius should be over 100m,

+  Design Load

Live load of a rail transit is larger than that of a trunk bus by 1.2 to 2.0 times. Then,
the structure should be designed 10 bear the load of the rail transit system,

*  Station

At a station, platforms should be extended to the total length of a train plus an allowance
of 4.0 10 5.0 m in the futuse. Then, if the train length is over 100m, the viaduct should
be designed so to make this extension possible. Platforms for trunk buses have to be
lifted up to the level of the train floor,

¢ Car Depot

The most difficulty to convert a trunk bus system to a rail transit system may be
provision of a car depot (yard), In this case, a candidate sitc for the depot would be
found in the quarry site atong the Bogota River at the south end of Av. Caracas. The
connection line from the viaduct to the depot shoutd be planned at the early stage.

s Track, Power Line and Communication Line

For installment of rail track, re-pavement of road surface of the viaduct will be needed
by removing original asphalt pavement. Systems for power supply and communication
should also be planned at the planning stage of the viaduct and the design of the viaduct
for a trunk bus system should be modified, if necessary.

+ For Emergency

For an emergency case, an cvacuation route should be prepared between stations. The
viaduct should be facilitated with emergency exits by an emergency ladder or a direct
connection with a building along the viaduct.
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{4)  Financial Arrangement

The Central and the Municipal Government should take an initiative to promote
implementation of the projects proposed under this Study, especially in the ficld of
financing. Private financing can be cxpected only for the terminal project, Other
components will definitely nced public financing. The Government has to seck cvery
opporlunily o raisc the nceded funds through official budgeting, bond issuance and
international or domestic loan borrowing.

Another urgent financial issue is bus flect renewal.  More than a half of the current flect
has to be legally replaced in five years, This study also proposcs to curlail aboul two
thirds of the present bus lines within scven years.  Most of bus operators have to be
absorbed in the new scheme, preferably with new fleet,  Most of present bus operators,
however, have no capacity o procurc a new bus by themselves.  An institutional
financing scheme has to be established to finance a bus purchaser with feasible conditions.

{5) Private Financing Incentives{PFl)

As stated before, the utban bus project has a possibility for application of PFI scheme
because of its high profitability. To invite private capital to a public-paturcd infrastructure
project, a variety of schemes have been tried in the world.  Table 17.1-3 summarizes them,
The basic idea is common among them. Differences involve the field of private finance,
the way of management and ownership of a property.
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Table 17.1-3 Various Schemes of Private Financing Incentives

Abbreviation | T FuliMame s . Contents i |
noT Built ~ Operate ~ Transfer Private sector builds a facility and managesfoperates

il for & contract period and teansfers ownerahip of
. the facility to the Government.
BTO Built - Transfer - QOperate Private sector builds a facility and after completion
teansfers ownerahip to the Government and operates
il

BOO Ruilt - OWN -~ Operate Privale secior builds a facility, owns and operate it
permanently. Privale railway lines in Jepan are

e - undey this scheme.

BLT Built — l.ease — Transfler Private sector builds and leases a facility to a public

operaling agency for a certain period and after 1he
period transfers the right cf operation, This scheme
is (o separate ownership and operatien to avaid
| Jnvestor's market risk.

BMT Built - Maintain — Transfer | Private sector builds and leases a facility to a public
operating agency for a cerlaia period and translers
. N awnership to the agency,

ADT Acquire - Operate - Transfer In a subway project, for example, public sector
develops infrastructure and private seclor acquires
ratling stock and eperates the subway foe a certain
period and transfers ownership of rolling stock to the
Goverament.

17.2. INNER RING EXPRESSWAY

17.2.4. IMPLEMENTATION PROGRAM AND INVESTMENT (INNER RING EXPRESSWAY)

(1) Characteristics of The Project

1} Structure

Inner ring cxpressway is double lane dual carriageway viaduct 16.6km long, of which
1.6km segment at Calle6 is built under the project of Autopista del Sur.

Al standard section, substructure is R.C. pile cap with R.C. columa and/or rigid frame
supported by ¢ 1.0m cast insitu piles and superstructure is P.C. Hollow Slab deck.

Where the viaduct is crossing over the existing flyovers, superstructure is either precast
P.C. 1 Girder or Steel Plate Girder with R.C. slab.

Where the viaduct is passing over parallel to the existing flyovei(s), substructure is R.C.
pile cap with Steel Cotumn and Beam supported by @ 1.0m cast insitu piles and
supcrstructure is Steel Box Girder with R.C. slab.

Road surface of viaduct is 11.0~14.0m above the existing road.

2.0m high, transparent type noise barrier, is installed above R.C. bridge railing of 1.0m
height,

2} Construction

As described in chapter 16, in order 1o avoid any interference with traffic on roads,
major aclivities have to be carried out at nighttime.

For structural foundation work, road surface is covered wilth temporary deck cover in
order not to reduce number of lanes in daytime.

Care, attention, and consideration shall be taken 1o ensure against traffic congestion in
the traffic lanes.
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Working area is to be well pratected from traffic by movable safety barrier and/or fence
with cotor Blinking lights and illumination for nighttime.

2) Baslc Concept on implementation Program

Implementation Program for inner ring expressway is planned for the period of five and
haif years from the middle of 2000 to the end of 2005,

In order to avoid starting the IRE work at the same time of Avenida Caracas project,
construction is planned to start one and half years (from 2002) after the start of Avenida
Caracas since some traffic will be diverted are from Aenida Caracas lo Avenida Ciudad de
Quito which causes traffic congestion on the road as previously mentioned.

Land acquisition and compensation on the route has to be completed within the period of
the detailed design.

- Detailed design period includes invitation and selection of contractor(s).
(3)
As shown in Table 17.2-1, activity of cach year is as follows;

1) 2000~2001 : Detaited design.
2) 2002~ 2005: Conslruction,

Implementation Program

Table 17.2-1 Implementation Program - Inner Ring Expressway

2004

| Length | 1999 | 2000 | 200t 2002 {1 2003 2005
MUSE km MUSS MUSS MUSS M LSS MUSS MUSS S
Inner Ring Expressawy 15.000  E— -
Tota) 638.586 11221 2eosil 629650 2055871 2055860 122.236)
T Detaile Design
EER Conslruclion
{4}  Required Investment

As shown in Table 17.2-1, investment required in each year to implement the project is as
presented in Table 17.2-2

Table 17.2-2 Required Investment - Inner Ring Expressway

Unit: M USS
2000 2001 2002 2003 2004 2005 “Total
1.122|  26081] 67.965| 205.587] 205586 122.236] 638.586

17.2.2, DEVELOPMENT SCHEME

(1)

Basic Guidetine

A PFI scheme is difficult to be applied to IRE project, because its FIRR is only 4.9%.
However, ils economic significance has been proven in this study. The EIRR is 16% or
even higher unless constructed some frunk bus routes or a subway project is not
implemented as scheduted. As an executing body for construction, maintenance and
operation, cstablishment of such an agency as the Bogola Metropolitan Expressway
Corporation is recommended. Thercfore, the Government should seek a soft loan for the
Public Corporation, for example, of few percent of interest rate with 5 to 10 year’s grace.
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If the Government subsidizes a fund to solve the financial difficulty for the first len year

period when accumulated net profit is a deficit, the project can financially sustain itsclf.
The total subsidized fund requiremeni will be less than 30% of the total investment,

(2)  Development Scheme and Fund Source

As the FIRR of the project is 4.9%, the problcm is whether to fake a subsidy policy or not.
If not, the Government cannot expect private capital to come in, in which case the majomy
of the required fund nceds to depend on a loan. In this case, an ordinary commercial loan is
not applicable. If the interest rate is higher than 10%, the Government has (o subsidize
anyway in order to pay interest, A soft loan from IDA or bilatcral loan is desirable, Also as
for the grace period, the longer, the better. Because in the long future revenue will increase
sufficicntly to repay the interest of an ordinary loan.

If the Government decides to take a subsidy policy, private financing will become possible.
Since it is assumed that the Government does not have the sufficient funds to disburse at
one time, the PFI scheme of “Build, Lease and Transfer (BLT)” may be suitable in this
case, rather than “BT”. (see Chapter 17.1.2.).  Toll revenue cannot cover the lease chargc
and the deficit has to be covered by the subsidy from the Government.

For those lwo cases, the development schemes are schematically shown in Figure 17.2- 1.
In the alternative 1, the land acquisition and compensation cost of the initial investment is
shouldered by the Government. However the amount is small,

If there are no specific financial resources like an objective tax for subsidies, the subsidy
policy will make an additional financial burden-on the budget of the Government.
Therefore, the alternative 2 is not recommendable,

174



Alternative

The Project of Highway and Bus-Lane of Santa Fe de Boata.

1: Development by Public Works
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Figure 17.2-1 Development Scheme of Inner Ring Expressway

17.2.3. INSTIUTIONAL ARRANGEMENT

The urban expressway will need new organizations with public nalure to exccule and

operate these projects.

Prior to sefting up these organizations, relevant laws and

regulations are to be enacted to give them a legal background

Here, the organizalion is called tentatively the Bogota Metropolitan Expressway

Corporation or simply the Corporation.

Main equity holder is the Central Government or
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the Municipal Goverament. 1f necessary, the governmental banks can join. The
Corporation is a quasi governmental agency.

The main role of the Corporation is to maintain and operate the urban cxpressway in
Bogota. I the expressway network is going to ¢xpand in the fulure, the Corporation will

also study, plan, contract and supervise a construction project. The roles and functions of
the corporation are:

*  Operation of urban expressway

+  Maintenance of urban expressway

¢ Management of new urban expressway project

*  Survey and Study on urban transportation and cxpressway

Therefore, the organization of the Corporation would be as shown in Figure 17.2-2,
Figurcs in the parenthesis is the number of staff as a rule of thumb.  In Figure 17.2-3, the
function and aclivities of the Corporation are shown in detail,

Metropolitan
Coordination Auditory
Unit
Administration Operation Maintenance Enginecring
Dept. (10) Dept(20) Dept.(15) Dept(15)
General Affairs ——  Traffic Control : Inspection Traflic contro]
Peresonnel Affairs : "Toll Collection Road Cleaning : Engincering
Accounting Traflie Survey Maintenance Planning
Repair

Figure 17.2-2 Sample Organization of Metropolitan Expressway Corporation

The number of staff will depend upon whether some works such as toll collection, road
cleaning, accident trealment and so on are done internally or entrusted to an external

agency on contract basis. Here, the number of staff is estimaled based on the latter
condition,
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Figure 17.2-3 Functions and Activities of Metropolitan Expressway Corporation
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18. ECONOMIC AND FINANCIAL EVALUATION

The trunk bus system project and the inner-ring expressway project are both evalvaled in
this chapter, from the cconomic and financial viewpoints, The economic evaluation is to
examine the ¢conomic viability of the projects by comparing ¢cconomic cost of the projecis
and economic return (benefits) to be generated in the regional or national economy after
exccution of the projects. The financial evaluation is to analyze if the projects are
profitable or not to an operating agency through comparison of revenue and expenditure.

The two projects are independently exccutable, although they will mutuvally affect the
demand. In the ¢valvation analysis, they are treated separately and the results are stated in
a diffcrent section.  When one is evaluated, implementation of the other is preconditioned
along with other on-going or fixed projects such as the subway project, the Cundinamarca
road project and others..

18.1 ECONOMIC EVALUATION

18.1.1. APPROACH AND ASSUMPTIONS

In this section, the trunk bus system project and the inner-ting expressway project are
evzluated from the economic viewpoint, following a cost-benefit analysis. To measure

and compare a cost and a benefit of the projects in economic price, the procedure shown in
Figure 18.1-1.

Economic cost is a monetary expression of goods and services to be really consumed for a
project implementation. Then, all the transfer cost (tax and subsidy) will be deducted
from the cost measured in market price. In addition, shadow wage rates (SWRs) are
applied to unskilled labor costs included in the project cost. The same process is taken to
estimate unit cost of vehicle operation which is used to ¢stimate ¢conomic benefits, by
excluding all taxes and applying the SWRs to labor cost of mechanics and crews.

The implementation program shown in the previous chapter is preconditioned to identify
the year when the project cost is generated or the benefit starls to accrue.  Therefore, the
evaluation resulls will be affected by a change in the implementation program

Economic berefit is defined as the amount saved in travel costs due to a projecl. Travel
costs consist of two components, vehicle operating cost (VOC) and travel time cost (TTC).
These are the benefits most direct and comparatively easy to quantify. It is obvious that
there exist other benefits of a transportation project than those direct benefits, such as
safety improvement and acceleration of urban development as well as mitigation of traffic
congestion. In this feasibility study, however, those kinds of benefits are difficult to
measure and are neglected in order to exclude an arbitrary evaluation.

Benefit of a project is measured through so-called “with” and “without” comparison.
Using the results of traffic assignment 1o a network with the project in question and also to
the same network but without the project, total VOC and TTC of each case are calculated.
And then, the benefit is obtained as the difference between “with” and “without cases.
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Benefit Stream. Cost Stream
_"__U_n;;f_ehlcle Unit Teavel - Financlal Cosl of
: Opeealing Cost Time Cost . Project
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Present l Y - - — l
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*Without® "With* <] Exclosionof
Project Project Transfer Cost
Future ' Case Case
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X L 4 -« Shadow Wage
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YOC + TTC YOC + TTC :
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- NPV

Figure 18.1-1 Work Flow for Economic Evaluation

Economic cost and benefit are compared through a discount cash flow ‘analysis. The
discount rate (DR} is 12% which is widely used in Colombia as an economic interest rate.
The same rate is used in estimation of capital opportunily cost of VOC. As evaluation
indicators, internal rate of return (IRR), benefit/cost ratio (B/C) and net present value
(NPV) are calculated. They are defined as below:

. o . B = C
*  Inlerna! Rate of Return(IRR):  r satisfying: it B n
(IRR) yIne z(ur)’* 2ary

*  Net Present Value(NPV) = 2(1 DR)
+
. B, c,
P DO S o i o

Pro-forma cash flow of a project to be evaluated is prepared for the period of 1992 to 2020.
Although a physical life of an infrasiructure project is 50 to 60 years long, cconomic fife is
assumed to be 25 years, laking fulure rapid urban growth and changes of socioeconomic
conditions into consideration. Then, cvery investment is not completely depreciated within
the analytical period until 2020. Therefore, residual value of each project in 2021 is
calculated and added to the bencfit stream.

180



The Proiect of Highway and Bus-Lane of Samta Fe de Boaola.

18.1.2. EcONOMIC COST

Project costs estimated in Chapter 16 are expressed in the financial price and they are
converted into ¢conomic cosl, taking the process shown in Figure 18.1-3. The points are:

1)  Construction cost is broken down into three cost items: material cost, equipment cost
and labor cost.

2} Out of material and equipment cost, import dutics and value added tax are deducted.
The tax rate is in the range of 16 to 25%. Assumed average rate is 25% for the goods
to be imported and 22% for the domestic ones.

3) Assummg 60 to 80% of labor cost is for unskilled labor, a shadow wage rate (SWR)
is applied, According to data of DANE, uncmployment rate in Bogola has been in
the range of 10 ~ 15% (Figure 18.1-2). Assuming 10% of the rate in average for the
tong term up to 2020, the SWR is estimated at 75% according to Haveman’s formuta:

SWR = (Wage rate in market) x (1,25 — Unemployment Rate / 0.2)
= {Wage Rate in market) x 0.75

—

Unempioyment Rate(%
(=L I - - = O

96-1 98- 8-1 98- 87-1 97-F 9710 87-1v 8- §9-B |
: Period
1

Figure 18.1-2 Unemployment Rate in Bogola

Table 18.1-1 shows the resultant economic cost of the Study projects. Economic Costs of
the inner-ring expressway and the bus ways and lanes correspond to 87% of their financial
costs. Total economic cost of terminals is 93% of the financial costs because they include
much land acquisition and compensauon cost on which no adjustment was made. Total
economic cost of the Study project is US$ 2,310 million while the financial cost is
US$ 2,634 million. Additionally, other related trunk bus projects require US$ 265 million
at the economic price, for which the financial cost is US$ 363 million. Those projects are
not included in this Study but they are lreated as preconditions for this study and then
included in the evaluation analysis. Some proposed trunk bus lines take roules parlly on a

Study road and partly on those preconditioned roads. And then, an individual evaluation is
almost impossible.

The residual value of the Study projects is US$ 584 million, 25% of the total investment
amount at the economic price.  This amount is added to the cash inftow in the year 2021.
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Table 18.1-1 Financial Cost and Economic Cost of Project

(unit: US$1,000)

No. |Project Opening Project Cost Residual Value in 2020
Year Financial Economic Financial Ecenomic

1|Exprossway 2005 638,533 559,201 180,583 158,371

2{Cr. Ta. 2004 18,897 16,361 4535 3,927

3|Apt. Norte 2001 54,133 46,966 6,496 5.636

4lAv. Caracas 2003 371,755 325.215| 14821 65,514

5|Av. 1 de Mayo 2004 512| 443 123 106

§{Av. Suba() 2001 7,558 6544 907 185

"~ TAv. Suba(2) 2001 1,288 1,115 155 134

8]Av. Quito 2004 28,9011 25,835 11,534 10,798

9]Apt. Sur 2003 144,840 126,936] 30680 21,099

10]|Call. 637100 2005 8,404 1.269 2353 2,035

11]Gall. §70 2005 3,050 2.641 854 - 40

Subtotal 1,272,872 1,118,927 313041 215,144

t|Central Terminal 2003 59,752 55,296 23.055 22,194

2| Terminat Atp Norte 2001 3,281 3,146 2,379 2363

3| Terminal Av. Cardcas 2003 1,565 1.429 745 - 718

4)Terminal Ay, Suba(i) 2001 2,031 1,882 1.052 1,034

5] Terminal Av. Sur 2003 3.265 3.007 1,706 1,654

6] Termina! Cr. 7a 2004 2,688 2574 2030 2,003

T Terminat Av. 10a 2004 1,940 1,780 1.003 1,058

~ 8|Terminal Call. 170 2005 3944 3829 3320 3.288

FSutotal . . 18,466 72,954 3541t 34,311

Study Project Total - 2,634,209 2,310,008 661,453 584,599

Related Trunk Bus Projects o

" {|Calie 80 2005 90,125 78,846 31,724 23,882
2| Trv. 48(South Rail) 2005 38,872 34,007 13,683 12457
3{Av. de las Americas 2005 39,558 34,607 13,924 12,677
4]Av. Boyaca 2005 45,523 39,826 16,024 14,588]

5]Av. Centenario 2005 89,372 - 18,1817 31,459 28,640]

Subtotal 303,450 265,473 106,814 97,244]

18.1.3. VeHicLE OPERATING COST

Vehicle opcralihg cost (VOC) is one of the main sources of economic benefit. The
operating cost per unit distance is estimated by type of vehicle, such as passenger car, taxi,

light truck, heavy truck, bus, large bus and articulated bus,

present in Bogota bul were added for this project.

VOC is composed of the following components:

a) Fuel cost

b) Oil cost
¢} Tire cost

d) Repair cost

‘¢) Depreciation cost
f) Capital opportunity cost
g) Crew and overhead cost

The last two do not exist at

In Colombia, the Ministry of Transport has been periodically updating VOC data in order
to use an input to the HDM Model which is developed by IBRD for the appraisal of
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highway development and maintenanee projects.  The VOC cstimates in this Study
depend on the basic information and assumptions of the MOT’s dala.

The HDM Modcl is mostly applicd, however, to inter-municipal or inter-regional highway
projects where a key factor affecting VOC is surface conditions of a road, especially in
terms of roughness. On the other hang, unit VOC necded for this project are those
applicable to urban road which are mostly paved and where the key factor is not toughiness
but operating speed.  Therefore, unit VOC of cach component from (a) to (¢) is expressed
as a function of operating (travel) speed. A part of item (¢) and the others ( item (£) and
(2)) arc not directly affected by operating speed but by travel time.

Unit costs of cach item are estimated at market price and then are converted into cconomic
cost. VOC varies by road surface conditions. However, unit VOCs are investigated only

for paved road because the roads examined in this Study are mostly in the urban area of
Bogota which are paved.

(1) Characteristics of Representative Vehicles

Although there are many vehicles of different makes and models actually running in
Bogota and unit VOC varies by makes/models and also changes by vehicle age, several

popular models are sclected as representative ones and their VOCs are studicd and
aggregaled by taking an average.

Table 18.1-2 Characteristics of Representalive Vehicles

Car Taxi Buseia Bus Large Articula- Light - Heavy
Bus ted Bus Truck “ Fruck
(60 pax.} {300 pax.)} (200pax.} o
1}Representative Matsuda {Chevrolet [Chevrolet [Cheviolet - [Volvo Volve Chevrolet |Inter-
Model Ford Mazda Hyndal  [International|Mercedes [Mercedes  |lsuzu national
Toyola Hyndai  Jlveco Dina Scania Scania Isuzu
‘ Daezwoo _ {Ford Iveco
2|Price(USS) ‘ :
(}) Financial 17,800 13,437 36,595 53,797 140,060 198,000 22,595 58,340
{2) Economic 11,784 11,585 31,544 46,377] 120,650 170,690] 15,2801 : 45,242
3| No. of Tires 4 4 4 6 b 10 4 6
4{Fuel Type Gasotine | Gasnline | Gasoline Dieset Diesel Diesel Gasoline | Diesel
5] Annual Operation 25000 60000 70000 70000 80000 90000 35000 35000
6FAverape Speed 25 25 20 20 25 30 30 30
8] Annual using hours 000 2400 3500 - 3500 3200 3000 1167 1167

The economic cost of cach representative vehicle is the market price less taxes. Table

18.1-2 ‘shows average cost and characteristics such as tirc type, fuel type, operating
distance and hours. : ‘ :

{2) Fuel Cost

Colombia produces and refines crude oil, but production of gasoline is not enough o meet
the domestic demand and 10 to 15% of total consumption depends on import.  Retail
price of regular gasoline is US$ 0.273/liter, of which 13% corresponds to taxes. Deducling
this tax amount from the financial price, economic price of regular gasoline is estimated to
be US$ 0.241/liter. In the same way, Economic price of super gasoline is US$ 0418,
dicsel oil US$ 0.239 (On diesel, no tax is imposed). :

Table 18.1-3 shows composition of fuel consumption by type of vehicles, which was
¢stimated based on MOT’s data and interviewing survey of major gas stations in Bogota.

Making averages of fuel prices weighted by these consumption rates, fuel costs of each
vehicte were estimated as indicated in the table.
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Table 18.1-3 Composition of Fug! Type and Average Fuel Cost by Type of Vehicle

(%, US$1liter)

Fuel Type Car Taxi | Buscta Bus targe | Asticulated | Light Heavy
Bus Bus Truck Trock
(60 pax) { (100 pax.)} (200pax.) o
Regular Gasoline 55 80 20 20 80 10
Super Gasoline 45 20 '
Diesel 80 - 8D 100 100 20 o0
Total 100 100 100 100 100 100 100 100
Av. Financial Cost{US$Aiter) 0.34] 030 0.25 0.25 0.24 0.24 0.27 0.24|
Av Econonic Cost(US$Aiter) 033 027 0.24 0.24 0.24 0.24 0.24 0.24

Fuel consumption rate of vehicle varies according to its running speed. The most
economical speed is 45 to 50 km/hr for passenger car, and 50 to 60 km/hr for medivm and
“large vehicles. Based on the MOT’s data concerning the fuel consumption rate by running
speed, fuel costs/km are tabulated by type of vehicle, as shown in Table 18,1-4.

(3)  OilCost

Retail price of lubricant oil is US$ 2.33 fliter and after deducting tax, cconomic cost is
US$ 1.86 fliter. According to a gencral experimental data, the selations between oil
consumption and running speed are as shown in Table 18.1-5. From this information,
economic oil cost can be calculated by running speed.

(4  Tire Cost

Table 18.1-6 presents type of (irc,. market price and economic price by type of vchicle.
Under the condition of average speed of 35 mile/hr (56 km/hr) on paved roads, average tire
life can be assumed to be 45,000 km for passenger car and 50,000 km for heavy vehicle,

Table 18.1-4 Fuel Consumption Rate and Cost by Type of Vehicle

Operating Car Taxi Busela Bus Large Articula- | Light Heavy
Speed ) Bus | ted Bss Truck Teuck
{Km/hr} - (60 pax} | (100 pax.) | (200pax.)
Fuel Consum- 5 © 2128 12126 33712 672.7 9154 12109 603.2 12104
plion Rate 10 138.6 1386 215.8 4304 6241 7147 18713 7745
(Liter/100Km) 20 100.2 1002 1560 .2 451.2 560.2 2800 5600
30 87.0 870 12212 2842 4121 511.6 2330 4120
40 80.2 §0.2 1079 264.5% 3835 4763 2250 3420
50 784 184 101.4 284.2 4121 5116 2200 3140
&0 81.0] 810 97.5 3268 4128 5816 2250 00
70 85.2 857 98.2 380.9 5523] 6356 230.0 3140
80 927 921 1620 438.1 635.2 7886 2500, 3400
90 102.4 1024 112.7 483.9 7087 8710 2762 356
Financial Fuel S ne 64.0 529 1653 2332 2894 160.9 2934
Cost 10 46.7 41,7 53.0# 1058 1492 1852 103.0 1877
(US$/100%m) 20 379 302 383 765 1078 1336 74.4 13597
30 293 262 300 63.8 935 1223 625 99.9,
49 210 241 26.5 650 QLY 1138 598 82.9
50 264 236 249 69.8 98.5 1223 585 761
&0 271.3 . 244 24.0 801 113.0 140.3 59.8| 734
70 288 258 241 936 1320 163.9 6i.2 76.1
80 31.2 219 253 1027 151.9 1885 66.5 824
90 345 308 277 18.% 167.7 2082) . M4 1.0
Economic Fael 5 633] 566 §0.8 161.1 2332 2894 1457 289.6
Cost 0 413 : 36.9r 51.7 1631 149.2 185.2 933 18513
(US$/100km) 20 29.8 2677 374 B2 B 029 1339 674 1340
10 259 232 293 681 98.5 1223 56.6 98.6
40 23.9 214 258 63.3 9L 1138 542 818
50 234 209 243 63.1 98.5 1223 530 .1
60 24.1 - 216 233 781 1130 140.3 54.2 725
70 255 228 215 912 1320 1639 55.4 75.1
80 276 24.7 244 149 1519 18835 60.2 813} .
90 30.5 27.3 270 1155 1677 208.2 66.5 £§9.9
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Chapler 18: Economic and Financlal Evaluation,
Thus, tire consumpuon rates per 1,000 km are 8.9% and 12.0%, respectively. On the other

hand, it is empitically known that this consumption rate bccomes larger when average
running speed sises. An IBRD report (“Quantification of road user savings”, IBRD
Occasional Paper No.2, 1966) shows the relationship as in Table 18.1-7. Based on this
information, economic tice cost per km can be obtained as shown in the same table,

Although some vehicles use re-tecaded tire, they are neglected for the reasons that the
market share is not significant and that the life of re-treaded tire is shorter than brand new

tire even if its price is lower, so that there is no big difference in economic price per
kitometer between the two.

Table 18.1-5 Qil Consumption Rate and Cbsl by Type of Vehicle

Speed Car Taxi Buscta Bus Large Atlicula- | Llight | Heavy
Bus ted Bus | Truck Truck
N (Kev/hr) {60 pax.) (100 pax.)| (200pax.)
il Consumplion ] 348 348 4,10 8.0} 11,61 16.02 6.86 8.01
Rate{Liter/ 1 000Km) 10 2.24 2.24 263 5.14 7.45 10.28 4.40 5.14
20 1.54 1.54 1.81 3.53 5.12 7.06 3.03 354
3 1.27 1.27 149 292 4.23 584 2.50 2.92
40 1.13 1.13 1.33 2.68 3.8% 5.36 2.22 2.68
50 110 1.10 - 129 2.58 3.74 5.16 2.08 258
50 1.09 1.09 1.28 2.36 KK ¥ 4.72 1.80 2.36
70 1.07 1.07 1.26 2.4 3.10 4.28 1.63 214
80 1.00 1.00 "1.18 1.87] 27 KL 1.52 1.87
_ 90 0.90 0.%0 '1.06 1.68 2.44 336] - 137 1.68
Financial Ol Cost N 8.1 8.1 2.5 18.6 210 373 16.0 18.6
‘(US$I!000km) 13 52 52 6.1 120 173 2391 - 102 120
20 3.6 36 42 8.2 119 164 10 8.2
30 3.0 30 35 6.8 9.8 13.6 58 6.8
40 26 2,6 3.1 6.2 9.0 12.5 52 6.2
50 26 26 30 6.0 8.7 120 48 6.0
60 25 2.5 30 55 8.0 1.0 4.2 5.5
70 25 25 29 50 72 10.0 3.9 5.0
8O 23 213 273 43 6.3 3.7 35 4.3
90 2.1 2.1 25 3.9 53 78 32 39
Economic Qi Cost 5 6.5 6.5 7.6 14.9 216 208 128 149
(US$/1000km) 10 4.2 4.2 4.9 9.6 139 19.1 8.2 -9.6
20 29 29 34 6.6 8.5 13.1 5.6 ' 6.6
30 24 24 2.8 5.4 7.9 109 4.7 54
40 2.1 2.1 25 50 7.2 100 4.1 . 30
50 2.0 20 24 48 ?.BJ 9.6 39 48
60 2.0 20 24 44 6.4 88 33 4.4
70 20 20 23 40 58 8.0 31 4.0
80 1.9 19 22 35 30 70 28 3s
90 1.7 1.7 2.0 3.1 4.5 6.3 2.5 3.1
Table 18.1-6 Financial Economic Cost of Tire
ftem Unit Car Taxi Busela Bus large | Articola- | Light | Heavy'
o Bus ted Bus Trueck Fruck
{60 pax.) | (100 pax.) | (200pax.)
No. of Tises NoJset 4 4 4 .6 : 6 - 10 4 6
Type of Tire 175-70- |¥75-71- }1750-16 |500-20 {900-20 . |900-20 750-16 1950-200
Ri3 R14 _ 1000-20 11000-20 - |1000-20
Financial Cost US$/Set 425.65] 425.65] 55210 320958 3209.56F 5349.26] 895.00] 2485.22
(Market Price) ) ; . : .
Tax US$/Set 98.23 98.23] 12741] - 740.67 740.67] - 1234.44] 20677} 37351
Economic Cost USS/Set | ° 32743] 327.43| 424.70] 2468.89| 24683891 4114.82] 689231 191171
Tire Life Km 45,0001  45,000] 45000, 50,000 30,000 50,0001 45,0001 50,000
Tire Consumption % 22 22 2.2 20 2.0 2.0 22 2.0
Rate /1005%m
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The Project of Mighway and Bus-Lane of Santa Fe ¢a Bogola
Table 18.1-7 Tire Consumption Rate and Cost by Type of vehicle

Speed Car Taxi Buseta Bus Large | Adticula-| Light | Heavy
Bus ted Bus | Truck | Truck
- (Knvhour) . {60 pax.) {100 pax.}| (200pax.)
Tire Consump- b 53 53 33 531 53 53 53 53
tion Indices 10 56 56 56 56 56 56 56 56
(56kmvhr =100)} 20 60 60 60 60 60 60 60 60
30 67 67 67 67 67 67 67 67
40 78 78 8 78 78 18 78 78
50 92 92 02 92 92 92 92 92
56 100 1006 100 100 100 100 100/ 100
60 107 ‘a7 107 107 107 107 107 . 107
70 125 125 125 125 125 125 125 i25
80 151 151 151 151 151 151 151 151
S0 180 180 180 180 180 180 180 180
Financial Tire 5 50 50 6.5 340 - 340] | 3637 10.6 263
Cost 10 53 53 69 359 35.9 59.9 11.2 278
(US$/1000km) 20 5.7 517 74 385 385 642 1138 298
30 6.3 6.3 8.2 43.0 43.0 7.7 133 333
40 7.4 7.4 9.6 501 50.1 834| 155 38.8
50 8.7 8.7 i3 59.1 59.1 934 183 45.7
60 10.1 10.1 13.1 638.7 68.7 15 213 532
0 18 . 118 153 802 80.2 13371 249 62.1
80 143 14.3 185 269 96.9 1615 301 75.%
90 1.0 17.0 22.1 115.5 115.5 19261 358 89.5
Economic Tire 5 kR 39 50 262 26.2 436] 81 20.3
Cost 10 4.1 4.1 53 217 217 461 - 86 214
(US$/1000km) 20 44 44 5.7 296 29.6 494 9.2 229
30 49 49 8.3 331 331 551 103 256
40 5.1 5.7 74 385 385 64.2 1.9 298
50 6.7 6.7 8.7 454 454 759 141 352
&0 7.8 7.8 10.1 528 528 . 8B.1 164 409
70 2.1 2.1 11.8 N 61.7 1029 191 9238
80 11.0 1n.o 143 74.6 74.6 12431 231 377
90 13.1 13.1 17.0 88.9 889 148.4 276 63.8

{5) Repair Cost

Calculating annual maintenance cost bascd on MOT’s VOC data, the rate of annual
maintenance cost to the vehicle price is estimated 1o be 4.2% for passenger car, and small
truck and 7.4% for other commercial vehicles with targe annual running distance. By

assummg annual running distance, maintenance cost per kilometer can be calculated as
shown in Table 18.1-8.

According to the same IBRD report referred to in the tire cost estimation, the relationship
between maintenance cosl and running speed shows that maintenance cost becomes lowest
at around 50 km/hr of speed. Using these conversion rates, mam!cnance cost can be
obtained at different speeds (Table 18.1-9).
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e - Chapter 18; Econamic and Finangial Evatuation,
Table 18.1-8 Assumptions for Repair Cost Eslimation

Unit Car Tavxi Busela Bus large |Aricula-| lLight 1 Heavy
Bus ted Bus | Truck .| Truck
{60 pax.y | (100 pax.) |(200pax.)
Vehicle Cost o
Financial Uss 17,800] 13,437 36,595 53,797 140,000) 198,000 22,595 58,340}
Economle U5$ 11,784} 11,385 AL544 46,377 120,690] 170,690] 15,280 49,242
Tire Cost
Financial Uss 426 426 552 3,210 3,210 5,349 896 2,485
Economic US% 327 327 425 2,469 2,469 4,115 689 1,912
Vehicle Cost wio Tire
Financial US§ 17,374 13,012 36,043] - 50,588 135,790} 192,653 21,699] 55855
Economic US$ 11,456] 11,258 31,119 43908 118,221 166575] 14,591 47,330
Annual Repair Cost
% of Vehicle Cost % 4.0 80 80 3.0 8.0 8.0 6.0 8.0
Financial US$ 695 - 1,011 2,883 4,047 10,943 15412 1,302 4,468
Economic USS 458 901 2490 3,513 9,458] 13,326 875 3,786
Ananual Operation. Km 25,000} 60,000 70,000 70,000 80,000] 90,000] 35,600] 35,000
Average Speed KnvHy 25 25 20 20 25 30 30 30
Repair Cost
at Average Speed _ _ _
Financial Uss 278 173 41.2 578 136.8 171.2 372 127.7
Economic LSS 18.3 15.0 5.6 S50.2 118.2 148.1 250 108.2

(6)  Depreciation Cost

Depreciable amount is defined as the vehicle economic cost (without tire cost) less salvage
cost after usage during vehicle tife, In Colombia, where market for secondhand vehicles
and spare parls is well developed, salvage value rate should be assumed at rather high rate,
namely, 25% for passenger car, 20% for smal! truck and 15% for others (Table 18.1-10)..

Vehicles are devaluated through their use in propomon to running kitometers, while their
value will decrease as they become old, even without usage. Particularly, a passenger car
loscs its value rapidly as lime passes, Therefore, the proportion of depreciation subject to
use, and depreciation subject to time may be assumed as follows: 50:50 for passenger car
and 70:30 for others.

Depreciation subject to use is furthermore subdivided into two parts, Il is assumed tha one
third of this cost depends on the number of driven distance and two thirds are affected by
running speed, in the same way as maintenance cost. Costs of use-related depreciation and
time-relate depreciation are shown in Table 18.1-11 and Table 18.1-12, respectively.

Time related depreciation in the table presents daily depreciation cost which is depreciable
amount divided by number of days during life period. This cost is independent from driven
distance and from running speed. T herefore, this cost shall be catculated separately based
on the number of vehicles in the region and added to the other cost which is affected by

running speed. The same thing can be said to the capital opportunity cost, crew cost and
overhead cost.

(7)  Capital Opportunity Cost

This cosl is not affected by use but accrues only as time passes and is determined by
vehicle price, life period, salvage value rate and interest rate, using the following formula:
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The Proiect of Higkway and Bus-t ane of Santa Fe de Begota.

Table 18.1-9 Financial and Economic Repair Cost by Type of Vehicles

Speed Car Taxi Huscta Bus Large Adticula-]  Light Heavy
(kmv/hr) Bus tcd Bus | Truck | Truck
(60 pax.) | (100 pax.) [(200pax.)|

Repair Cost Rate 5 141 141 142 142 142 142 134 159
by Speed 10 133 133 131 131 131 131 126 147
20 118 Hs 1] tn 11 m 13 124

30 103 105 89 89 89 89 100 100

40 95 95 (L} 4 74 74 94 83

50 94 94 72 72 . 72 72 93 81

60 100 10G 79 9 79 79 100 88

70 103 - 108 . 88 88 88 .88 107 98

80 135 115 100 100 160 100 114 n2

Fali 122 122 112 112 112 112 120 125

Firancial Repair Cost 3 392 245 58.6 822 1945 2415 42.8 203.2
(US$/1000km) 10 37.0 23.1 540 758 179.3 2245 46.9 187.2
20 328 205 458 64.2° 1520 150.3 41.9 158.5

30 310 19.3 41.2 578 136.8 1712 395 143.1

- 40 292 18.2 36.6 514 121.6 1522 372 121.7

50 278 17.3 336 47.2 1.7 1399 3.1 | 1170

60 26.4 165 30.7 430 oL8 1275 | . 350 106.4

70 26.1 16.3 29.7 41.8 983 ¥23.7 347 103.2

80 218 123 325 45.6 107.9 135.1 312 111.7

90 30.0 18.7 36.2 50.7 1201 150.3 39.7 124.5
Ecaonomic Repair Cost 5 258 212 506 na4a 168.1 210.6 335 1722
- [(Us$/1600km) 10 244 0.0 46.6 658 155.0 1941 316 158.7
: 20 216 17.2 395 558 1314 164.5 28.2 1343
30 204 167 356 502 1182 148.1 266 1213

40 19.2 158 316 44.6 "105.1 1316 250 108.2

50 18.3 15.0 290 41.0 96.5 1209 243 99.2

60 17.4 43 265 374 -88.0 1102 236 90.2

10 17.2 14.3 257 362 854 1069 | 233 874

§0 18.3 15.0 28.1 396 933 116.8 250 4.7
90 19.8 16.2 31.2 44.0 103.8 130.0 26.7 105.5
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Table 18.1-10 Assumptions for Depreciation Cost Estimation

Chapter 18: Economic and Financial Evaiyation

Unit Car Taxi Buseta Bus Large ] Artlcula- | light | ileavy
: Bus ted Bus | Treek | Truck
(60 pax.) $(100 pax.}| (200pax.)
Vehicle Cost :
Financial Us$ 17,800 13,437 36,595 53,7971 140,000} 198,000 22,3595 58,340
Economic uss 11,784 11,583 3544 46,327]  120,690] 170,690 15,2801 49,242
Tire Cost ' :
Financial uUss 426 426 552 3,210 3,210 5,349 896] 2,485
Fconomic Uss 327 322 425 2,469 2,469 4,115 539 1,912]
Vehicle Cost w/o Tire . ‘ _
Financial Us$ 17,374 13,012 36,043 50,588] 136,790] 192,651} 21,699 55,855
Ecoromic Uss 11,456 11,258 31,119 43908] 118221] 166,575| 14,591| 47,330
Salvage Value
% of Vehicle Cost % 250 100 150 150 00| 200 20.'0f - 150
Financial Us$ 4,344 1,301 5,406 7,588 21,358 38,530 4,340 8,318
Economic Uss 2,864 1,126 4,668 6,586 23,644 33315] 2918 2,100
Annual Operation, Kin 25,000f 60,000 70,000 70,000 80,0600 90,000] 35.000; 35,000
Average Speed KnvHr ) 25 200 20 35 30 30 30}
Vehicle Life Year 12 10 10 12 12 12 12 12
% of Dep. of Use & Time '
Subject to use % 50 50 70 70 70 70 0 0
Subject to time % 50 50 30 30 30 30 30 3OJ
Deprectable Amount ‘
Financial _
subject to use uss 6,515 5,855 21445 30,100 76,6031 107,884} 12,151] 33214
“subject lo time Us$ 6,515 5,855 5,191 12,900 32,830 46,236| 5,208 14243
Total Us$ 13,031 11,711 30,636 430000 105432] 154,121 17,359] 47477
Economic _ _
subject to use US$ 4,296] 5066 18,516 26,125 66,204 93,2821 8,171 28,162
subject te time US$ 4,296 5,066 7,935 11,197 28,373 39978]  3,502( 12,069
Total US$ 8,562 10,132 26,451 372,322 94,577) 133,260 11,673| 40,221

C:P(l-r)F—P/nJri.rP
F=i(1+)" /(1 +1)"-1)

Where,

C: Capital opportunity cost
P: Economic cost of vehicle
F: Capital recovery factor

r:  Salvage value rate

i: Interest rate
n:  Durability (Vehicle life)
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Table 18.1-11 Financial and Fconomic Depreciation Cost subject lo Use

The Prgject of Highway and Qus-Lane of Santa Fe de Bogola.

Speed Car Taxi | Buseta Bus Large Articula- Light | tleavy
. Bus ted Bus Truck | Truck
. {Km/boun) (60 pax.) | (100 pax.) | (200pax.)
Indices for Depreciation 5 136 136 119 13 131 1K1 126 146
Cost subject to Use 10 130 130 114 123J 123 123 121 137
(Av. Speed = 100) 20 119 119 104 108 108 108 110 llQr
30 108 108 96 ” 92 92 100 10¢
40 100 100 9N 81 81 8t 96 86
50 100 100 ] 8G 80 B0 95 85
60 104 104 .96 84 84 84 100 90
70 10 119 100 9] 9% 9] 106 98
80 116 116 105 99 99 99 1t 109
90 121 121 109 109 105 109 116 120
Financial Depreciation 51 296 13.3 364 46.9 104.4 130.7 366 t 5.6|
Cost subject to Use 10 283 127 3438 442 933 1231 349 108.0
(US$/10600km) 20 258 11.6 319 8.7 863 1080 318 943
30 24.7 111 306 13538 79.8 99.9 304 86.7
401 235 10.6 294 329 733 913 289 79.1
50 217 58 28.1 29.4 64.7 810 218 &8.8
608 217 9.8 219 289 643 805 217 68.1
701 217 9.8 278 28.7 6338 799 215 674
80| 2246 102 294 302 673 84.2 '28.9 716
: . bl 240 1081 . 306 325 72.5 0.7 30.6 778
Ecoromic Depre- 5p 1935 11.5] 314 40.7 90.2 113.0 246 93.0
ciation Cost : 18] 188 11.0 30.0] - 383 85.0 106.4 235 91.5
subject to Use 200 170 100 276 336 74.6 C 934 214 9.9
(US$/1000knt) 30] 163 96| 265 311 £9.0 86.4 204 235
40 135 9.1 253 286 63.4 794 19,5 67.1
50 143 8.4 242 252 55.9 70.0 18.7 583
60 14.3 8.4 24.1 250 555 69.6 18.6 51.7
70 143 84 240 249 552 69.1 185 511
80 149 §8 25.3 262 582 728 19.5 606
90 15.8 9.3 26.5 282 62.6 784 206 659
Table 18.1-12 Financial and Economic Depreciation Cosl subject to Time
Unit Car | Taxi |Buseta] Bus Farge | Articula- } Light | Heavy
Bus ted Bus | Truck | Tck
(60 pax.) [{(100 pax.)| (200pax.)
Financial Cost . J :
Daily Cost US$/Day| ~ 149 160 252 295 7.50 10.56] L.19 335
Hourly Cost | US$/Hr 054 024 026 0.31 085 - 1.28 0.37 1.02
Economié Cost '
Daily Cost US$/Day 0981 139 217 2.56 6.48 .13 0.80 236
Hourly Cost | US$/Hr 0.36] 021} 023 0.27 0.74 1.1 025 0.85

Interest rate is 12% whlch is the same ratc as the discount rate used when calculalmg
evaluation indices. Table 18.1-13 presents daily capilal opportunity cost.

Total capital opportunily cost in the study area is the product of this daily cost and total
number of vehicles existing in the area. Therefore, in a with and without comparison for
project evaluation, this cost will be cancelled if in both cases the number of vehicles is the

same.
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Table 18.1-13 Capital Opp&ﬁunity Cost by Type of Vehicle

Unit Car Taxi Buseta Bus Large Atticula- Light Heavy
_ Bus ted Bus Truck Truck
(80pax)y | (100 pax) | (200pax.}
Uss 17,800 13,437 36,595 53,991 140,000 198,000 22,595 58,340
USE 11.784 11585 31,544 46,371 120,690 170,690 15,280 49.24
Uss 426 426 552 3210 3,210 5,349 896 2,485
Lss 21 327 425 2,469 2,469 4,113 689 1,912
uss 17,374 13,012 36,043 50,588 136,790 192,651 21,659 35,855
| __US§ 11,456 11,258 31,119 43,908 18221 166,515 14,591 47,330
% 50 250 150 15.0 15.0 150 200 150
Us$ 4,344 3,253 5,406 7,588 20,519 28,898 4,340 8,378
LSS 2.864 2814 3,668 6,386 17,233 24,986 2918 A
Km 25000 60,000 70,00¢ 70,000 0,000 on.000 35000 35.0
__Kin/Hr 25 20 20 25 30 30 30
Year 10 10 12 12 12 1
RV 012 (LN Q.12 0.12 .12 012 0
USS[Day 357 267 6.81 9.56 25.86 36.42 428 10.56
USS/Hy .63 0.16 036 0.60 142 .72 0.54 1.32
US$/Day 2.35 2.31 5.88 8.30 22.35 3149 2.88 8.935
USSx 0.4]) Q.13 0.31 Q.3 1.22 L33 0.36 1.1
(8} Crew Cost and Overhead Cost

Also, this cost is not affected by driven distance but is proportional to time. According to
information from hearing to vehicle owners, average annual wage of a bus driver is about
US$ 6,500 while that of a taxi and buseta driver is lower than this amount approximately
by 15%. Average wage of a truck driver is in the same level as bus driver’s. (Table

18.1-14)

Most of buses are owned by individual persons in Bogota, not by enterprise. One owner
possesses one or few bus fleet and rents them to his driver. Under these ‘circumstances,
therefore, much overhead cost is not needed. Bus owner’s profit is not regarded as
economic cost, and overhead cost of truck transport business is about 30% of crew cosl.

Table 18.1-14 Crew Cost and Overhead Cost by Type of Vehicle

Unit Cat Taxi Buscta Bus Lasge | Arculs. Light Heavy
Bus ted Bus Truck Truck
(60 pax) | {100 pax )] {200pax ) :
Arnadal Crew Cost .

Financial USss oy . 33850 3,200 6,500 SIS0 . 7,150 0 . 6,500
| Lcopomic LSS o] 4,388 3,900 4875 5.153 5,363 Q 4875
Annul Overherd Cost -

Finaacial uss Q 1470 1,040 1,930 2,145 2,145 4 1.300
|_Ecopomic LSS 878 780 L4632 1.609 1,609 0 975
Daily Crew and O Cost gf -

Financial USS DN 19.2} 17.40 2315 25.47 2347 .00 21.3%
| Ecogomic Uss 0,00 1342 1282 123§ 1210 12,10 0.04 16.03
Hously Crew and O Cowt -

Figancial Uss Doo 117 0.89 1.45 1.34 124 0.00 2.67,

Econanic Uss 0.00 083 067 1.09 103 093 0.00 2.01
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% Aggregate VOC

Aggregate unils VOCs are summarized as shown in Tabte 18.1-15, To calculate total VOC
in a nectwork, firstly, running speed of cach link must be obtained from the traltic
assignment result, sccondly, total distance-related cost is calculated by summing up the
cost in cach link and finally, time-related cost calculated separately using total number of
vehicles is added to the distance-related cost.

Table 18.1-15 Aggregate VOC by Type of Vehicle

(1) VOC subject to Use - (US$/1000Km)
Speed Car Taxi Buscta Bus Large Articula. | Light Heavy
: - Bus ted Bus | Truck | Truck
- [{Knvhour) (68 pax.) | (100 pax.) | (200pax.)
Financial Cost 5 1535 - 1149 1939 347.1 3931 7157.6 2739 651.2
1o 1224 88.0 154.8 273.6 480.2 616.6 206.2 5228
20 101.6 715 127.6] - 2262 3965 5128 1621 426.6
30 942 65.9 135 2133 367.9r 478.7 1315 369.8
40 89.7 62.9 105.2 205.6 345.7 4337 146.6 3.7
S0 8712 62.0 100.% 211.2 34277 4536 145.6 137
60 874 62.6 9718 221.7 3513 466.2 146.6 303.1
70 89.3 645 917 2317 3706 491.9 148.6 39
80 - 958 696 105.0 268.1 4136 550.3 161.0 3322
. 90 1048 6.7 115.5 303.0 462.9 618.6 17711 3722
Economic Cost 8 119.0 9.7 1754 3142 5393 6364 2247 5949
10 92.6 161 1385 244.4 430.7 5510 165.1 466.5[
20 75.7 61.7 135 2001 o 35291 0 4543 1318 3717
30 69.8 56.7 100.4 187.9 3283 @ 421 1185 3243
40 664 54.1 92.6 180.0 3059 3990 1147 291.9
50 64.7 531 88.7 184.5 3034 3936 139 2726
60 652 5346 858 1943 3123 4112 50 263.0r
70 669 55.2 856 209.2 3312 4359 167 264.6
80 718 59.5 91.8 2359 3710.0 488.0 126.6 287.9
I o0 758 65.5 100.9 265.9 413.2 5473 139.5 322.1
(2) VOC subject to Time (3Mour)
Car Taxi | Buseta Bus Large Articula- | Light | Heavy
o Bus ted Bus | Trock | Truck
(60 pax.} | (100 pax.) | (200pax.)
Financial Cost : :
Depreciation 0.543 0.244 0.263 0.307 0.855 1.284 0.372 1.017
Capital Opporiunity Cosl 0.625 0.163 0.355 - 0.598 1416 1. 0.536 1.321
Crew and Overhead Cosl 0.000 1.170 0.891 1.449 1.394 1239 0.000 2.674
Tolal 1.168 1.577 1,509 2354 3.665 4.296 0.908 5013
Economic Cost
Depreciation 0358 0211 0.227 0,267 0.739 L1110 0.250 0.862
Capital Opporturity Cost 0412 0.141 0.307 0.519 1.224 1.532{  0.350 1.120
Crew and Overhead Cost 0.000 0.878 0.669] 1.086 1.046 0.930  0.000 2.006
Total 0.770, 1,229 1,202 1.872 3.008 3572 0.610 1.988

Figure 18.1-4 illustrates the vehicle operating cost by type of vehicle and by operating
speed. At very low speed of 5 km per hour, the time-related cost is higher than the
distance related cost of all types of vehicles except light truck. Most economical speed is
around 60 to 70 km per hour.  Comparing a car with a taxi, the distance-related cost of a
taxi is lower than that of a car due to longer annual operating distance of taxi and on the
contrary, taxi's time related cost is higher than that of a car because of taxi driver’s wage.

At the operaling speed of 20 km per hour, total cost of large bus with the capacily of 100
passengers is about US$ 500 per 1,000 km, 1.7 times of ordinary bus and the capacity is
also about 1.7 limes. On the other hand, the cost of an articulated bus is about 2.2 times
of an ordinary bus while its capacity is about 3.3 times. Then, the articulated bus is more
cost effective than the ordinary bus as long as theit loading factors are cqual.
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Figure 18.1-4 Economic Vehicle Operating Cost by Speed
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18.1.4. TrAvEL TIME VALUE

Travel lime of car users and bus passengers is converted (o money term using unit time
value, Their time values are estimated bascd on their incomc which reflects their
preductivity,  According to the data of our home interview person irip sutvey in 1995, the
average monthly household income as of March 1998 was C$ 353,024 for non-car owning
famitics and C$ 923,518 for car ownlng familics, Assuming menthly working hours of 160
hours, the value of one hour at work is estimated at C$ 2,078 for non-car owner (i.c. public
transport passenger) and C$ 4,892 for car owner (i.c. car uscr) in 1999. (Table 18.1-16)

All trips with “business” purposc are regarded as productive activities and therefore time
spent for a “business” trip is given the said value. The share of “business” trip is 7.5%.
“To work” trips (with a sharc of 14.6%) and “to home” ttips from work are assumed to
have a half of the time valuc “at work” while other trips have no time value. (Table
18.1-17)

Time value will change by year. The higher people’s productivity rises, the larger the
time value becomes. Then, it may be reasonable to assume the time value will rise at the
same rate as GRDP per capna growth.  According to the framework assumed in the
Master Plan Study of JICA in 1995, GRDP per capita index (year 1995= 100) will grow to
113 in 2000, 132 in 2005 and 197 in 2015 (Table 18.1-18).

Total TTC is estimated by multiplying these unit iime values by the aggregate passenges-
hours by mode calculated from assigned traffic in a network.

Table: 18.1-16 Hourly Income by Gar Ownership

Car Ownership Family Income (C8/mon.) ¢ No. of Earners | Working Hours|  Houly Income in'99
‘ 1995 1599 ~{person/HiH) { (Houss/mon.) (C8/Mhr/person)
Car-Owning 31% 923,518 1,565,363 2.0 160 4,892
Non Car-Owning 333,024 398,318 L8 160 2,078
ve[age 321214 898,142 1.9 160 2954

Table 18.1-17 Travel Time Cost

[tem Unit Car User Public Trans- Average
portation User
b Howrly Income CS/hripeison 4 892 2078 2.934
2) Time Value . _ :
a. Business Trip  (x 1.0} |C$/hr/person 4,892 2,078 2,954
b. To work trip (x 0.5) [C$/hr/person 2,446 1,039 1,477
i ! CE/hr/person 2446 1,039 1.477
3) Trip composition
a. Business Trip : % 1.5 15 1.5
b. To work trip % 14.6 14.6 14.6
| . Hame trip from work % 14.6 14.6 14.6
4) Weighted average
[ravel Time Yalue CS/hrfperson 1031 459 653
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Table 18.1-18 Future Trave} Time Value

(C$/Hour)
Car Qwnership 1999 . 2000 2005 2015
Car Owning Houschold Member 1081.1 1107.8 1462.3 28508
Non Car Owaing Houschold Member 459.2 470.5 621.1 12236

18.1.5. TRUNK BuS SYSTEM

{1} Economic Benefit

The aggregate amount of the vehicle operating cost (VOC) and the travel time cost {TTC)
means economic cxpenditure to support people’s social and economic activity in a city.
Figure 18.1-5 illustrates the future increase of the amount in Bogota. The upper parl of
cach bar is the difference of the total transport cost in case the (runk bus system is

introduced and in case it is not introduced, and therefore represents, the benefit of the
projeci.

Without the project, total cost will increase from US$ 4,000 million in 2001 to US$ 9,900
million in 2015.  If the project is implemented, the annual cost in 2015 will be reduced to
US$ 8,600 million. Thercfore, US$ 1,300 is the benefit to accrue in the single year of 2015.
In the same way, the first year benefit is US$ 360 million in 2001,

The lotal transport cost will drop down in 2006 to the level of two thirds of the previous
year. This is because many ransport projects such as an urban railway, urban expressway,
the Cundinamarca toll road are scheduled to open in that year.

The trunk bus systcm consists of thrée componenis: construction of exclusive bus way/lane,
rcarrangement of bus routes and introduction of large buses. According to the result of

simulation works, approximately one-third of the benefit is attributed to the construction of
bus way and lanes.

Transport Cost
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‘mi i @ Benefit o o
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Figure 18.1-5 Daily Transport Cost and Benefit of Trunk Bus Systerh

Table 18.1-19 shows the economic benefit by source. About 40% of the benefit is
generated by savings in VOC and 60% by savings in TTC. In the early stage after the
trunk bus project starts, privale car users will get negative benefit by this project. Bul in

the long run, when road transport conditions become worse, they will also become
beneficiaries.
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"~ Table 18.1-19 Economic Benofit of Trunk Bus System Project by Source

(Million US$/Xcar)
Benefit Tranpoit Year
(Savings.in) Made 2000 2005 2015
VOC subject  |Private -12.6 -21.0 24.8
to Distance  |Public 320 100.2 164.5
Tatal 19.3 193 189.3
VOC subject  |Private -37.4 -97.5 64.8
to Time Public 61.9 170.8 291.8
: Total 245 133 356
Travel Time |Private -26.7 -47.4 81.9
Cost (I'TC)  |Public 719.5 254.4 677.8
Total 52.7 207.0 739.8
Private -76.8 -165.9 171.5
Fotal Public 1733 525.5 1,134.1

Total 90.5 359.6 1,305,6

Table 18.1-20 shows the change in average travel speed by mode.  Comparing the private
mode and the public mode, the former will lose or maintain specd by the project while the
latter will maintain or gain speed. However, the diffcrence is not remarkable. More
important thing is that, in the long-term trend of decreasing speed, trunk bus and express
bus will keep a high speed.

Table 18.1-20 Average Speed Change by Trunk Bus System Project

Mode Year 2000 Year 2005 Year 2015
Wia W/ Wio W/ W/lo W/
Car 14.9 14.2 14.6 13.9 10.7 10.7
Taxi 12.9 127 12.9 12,0 938 9.7
‘Truck 17.5 174 18.2 16.9 12.5 12.5
Bus 13.8 13.8 13.3 15.2 9.9 120
Trunk Bus - 2R8.5 0.0 25.3 - 19.0
Express Bus - 3100 0.0 3040 - 300
Average 14.5 14.2 143 14.1 10.6 1.9

(2) Economic Evaluation Result

As the cost-benefit cash flow of the project is shown in Table 18.1-21, the economic
vxahlhly of the project is cxlrcmcly high showing 44.6% of IRR and US$ 3 031 million of
NPV. This high IRR is because the trunk bus system project implies a so-called software
component of rationalization of bus route. In facl, unless the route rearrangement and
targe introduction are executed, IRR of only bus infrastructure construction is 23.7 %,
which is stifl high.
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Table 18.1-21 Economic Cash Flow of Trunk Bus System Project

{US$ 1000)
Year Cash Flow Discounted Cash Flow
Cost Benefil - B-C Cost Benefit B-C

1999 14,888 1) -14,888 14,888 0 -14,888
2000 146,060 0 -146,060 130,414 0 -130,411
2001 198,064 108,036 -90,028 157,895 86,126 -1,765%
2002 224,840 119,560 -105,280 160,037 - 85,101 -74,936
2003 121,800 159,894 - 38,094 77,406 101,616 24,210J
2004 108,967 177,180 68,213 61,831 100,537 38,706
2005 87,580 211,752 124,173 44,371 107,280 62,910‘
2006 3,587 454,212 450,625 1,623 205,463 203,840
2007 3,587 548,807 545,220 1,449 221,654 220,205
2008 3,587 643,402 639,815 1,294 232,017 230,724
2009 3,587 731,997 734,410| 1,155 237,615 236,460
2010 3,587 832,592 829,005 1,03t 239,350 238,319
2011 4,384 927,187 922,803 1,125 237,986 236,861
2012 4,922 1,021,782 1,016,860 1,128 234,166 233,038
2013 4,922 1,116,377 1,111,455 1,007 228,433 227,426
2014 5718 1,210,972 1,205,253 1,045] 221,240 220,195
2015 6,318 1,305,567 1,299,249 1,031 212,966 211,936
2016 7,126 1,400,161 1,393,035 1,038 203,926 202,888
2017 7,126 1,494,756 ~ 1,487,630 927 194,378 193,451
2018 7,126 1,589,351 1,582,225 827 184,535 183,707
2019 7,126 1,683,946 1,676,820]| 739 174,569 173,831
2020 7,126 3,778,541 1,771,415 %] 164,621 163,962

| Residyal 248,329 0 248,329 20,523 ' 0 20,5
Total 133,699\ 175220741 16,788.375 642.392] 3673578 3031183

IRR(%} 44.6

B/C 5.72

NEY 1.031.183

(3}  Evaluation by Trunk_ Bus Road

Here, the trunk bus system is evalvated by road group, one by one. To do this, some
assumptions and a different approach are taken as described below.,

2. “With and without” comparison is made between the “do all project” case and the
case of “do all except a road (o evaluate”.  That means the benefit of the trunk
bus system on the road to evaluate is defined as the diseconomy accruing due to
that the system is missing solely on the road.

b. In both cases above, planned bus rerouting and introduction of large buses are
assumed.  Large sized buses are hypothetically operated on ordinary lanes together
with cars and trucks. In this sense, the resull is, strictly speaking, not the
evaluation of trunk bus system on the road, but of the economic effect of segregated
bus lanes to the subject road.

¢. Economic cost is the sum of the trunk bus tanc/road cost and the terminal cost.
The cost of the central terminal is allocated to each roads in proporiion to the
number of buses using the central terminal,
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Table 18.1-22 Economic Evaluation of Trunk Bus System by Road

Bus Priority Attery IRR B/C NPV
_ . (%) (US$1000)
L. Av. Caracas, Apt. Norte 17.3 1.9 273,215
2, Av, Quito, Apt. Sur, Av. 1° de Mayo 29.1 4.9 455,398
3. Cra. 7, Cra, 100 13.7 13 4,975
4, Calle 68/100 62.9 54.11 434,06}
5. Av. Suba 333 11.1] 131,882
6, Callei70 329 6.8 41,613

The cvaluation result is shown in Table 18.1-22. Every road is judged cconomically
feasible, showing cach IRR higher than 12%. = The highest IRR of 63% is estimated for
-Calle 68/100 which will have hecavy bus traffic while the cost is comparatively low.
Although Av, Caracas, Autopista Norle and Sur will also have a huge number of bus
passengers, their IRRs are moderate due to the high construcuon cost of elevated structures
for a busway and flyovers.

For Cra.7* and 10°, low-cost bus priorily tancs arc planned. The priority will be given to
buses only in morning and evening peak time. Then, 30 percent of daily bencfit is taken
account for this project. Consequently, its IRR is the lowest. Av. Suba is also facilitated
with the bus priority tanes but it shows high IRR of 33% becausc the bus traffic volume on
Av. Suba is much larger than Cra 7.

(4)  Sensitivity Analysis
1) Changes in Cost and Benefit

By changing estimated cost and benefit, sensitivity analysis was made as shown in Table
18.1-23. 'The economic viability is quite stable even against an extreme cost increase or
benefit decrease. Only 20% of the estimated benefit can make the project feasible (In
such a case, IRR is 13.6%). The fcasibility of the project will be lost only when more
than 80% of benefit is not realized and in addition cosl overrun is more than 20 %.

Table 18.1-23 Sensitivity Analysis of Cost and Benefit Change

Benefit Cost Increase

Decrease Base Case 20%up 40% up 60% up 80% up
Base Case 44.6 391 - 350 319 294
20% down 38.0 334 30.0 27.3 25.1
40% down 31.0 273 24.5 22.2 204
60% down 23.3 204 8.1 16.3 14.7
80% down 136 11.4 9.7 82 1.0

2) Change of Bus Fare

In this study, fare rate of trunk bus and express bus is set at C$ 600 per ride. However, if
the bus fare rises over 600 pesos per ride, the number of passengers will decrease and then
IRR will become lower.  Another analysis is made on the basis of increase of passengers’
payment and the proper fare system which is stated in Chapter 18.3. Here, the sensitivity of
IRR to a change of bus fare rate was examined. The result is shown in Table 18.1-24 and
Figure 18.1-6.

As the resultant figure shows, IRR is not so sensitive to the fare rate unexpectediy. When
the rate exceeds C$ 1,000, IRR decrcases remarkably, At 2,000 pesos per ride, IRR drops
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down to 16 6%, Two rcasons are considered on this dull sensitivity. One is the future
income level of passengers.  As stated in the future time value, income level is assumed to
become 1.7 times of the present in 20135, and therefore, passenger’s willingness to pay will
also become 1.7 timgs.  The other reason is abolishment of ¢xisting bus lines competing
with new trunk bus tines explained in Chapter 9. By doing this, some passengers have no
other way but 10 fake a teunk bus, no matter how much the fare is,

Table 18.1-24 Sensitivity Analyses by changing Bus Fare

Fare Level | Benefitin 2015]  Economic Bvaluation Indicators
¥ ide) | (Milijon TSS) IRR{%) B/C NPV(M USS)
430 1,420,7 46 4 6.03 3,2304
C 600 1,305.6 44.6 5.72 3,03141
800 1,286.8 43.5 5.53 29106
1,000 - 1,234.8 414 5.16 2,071 .Or
- 1,500 1,001.7 31.0 3.07 1,714.9
2,000 7699 16,0 1.77 . 492 0
00
45.0
Aw‘o e e e e e e e )
® 350 «’
& w00
L 50
E 200} -
éos 50
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Figure 18.1-6 Economic IRR of Trunk Bus System Project by different Fare

3) Influence of Inner-Ring Expressway

As explained at the beginning of this Chapter the tcunk bus system prOJccl was evaluated
with the prec0ndmon that the inner-ring expressway opens as scheduled in 2006. If this
condition is denied, IRR of the trunk bus system project is as shown Table 18.1-25. The

influence of the expressway project is negligible, with the evaluation indicators slightly
improved.
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Table 18.1-25 Influence of Inner-Ring Expressway on Trunk Bus System Project

{tem Eixpressway cxists Expressway docs
(Base Case) nat ¢xist _
Benefit in 2005 2117 AR
Beaefit in 2015 1305.5 1,320.2
IRR{%) 44.6 454
B/C 572 5.86
NPV(Million.UJS$) 3031.1 3,120.2

18.1.6. INNER-RING EXPRESSWAY

()

The project cost is estimated to be US$ 638.5 millions at the market pricc corresponding to
US$ 559.2 million at the economic price. The toll rate is assumed at 2,000 pesos al the
opening of the expressway in 2006 and gradually increases, according to the rise of car
users’ paying capacity, to 3,000 pesos in 20135,

Economic Benefit

Under the conditions abave, the first year benefit of the expressway project is US$ 51
million and reaches US$ 178 million in 2015 (sce Figure 18.1-7). This benefit is
approximately 1.3 to 1.5 % of total transport cost.

Transport Cost
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Figure 18.1-7 Total Transport Cost and Economic Benefit of Expressway Project

Table 18.1-26 shows the benefit by source.
VOC and 45% in TTC. In the opening year, the distance-related benefit of private
vehicles is negative. ‘This is because some drivers take a detour route in order o take a
route of the expressway. Although public transport vehicles cannot take the expressway,
they will have almost no disadvantages by this project. On the contrary, they will get
benefit in the long term.

Approximately 55% is due (o savings in

Changes of the average speed are shown by mode in Table 18.1-27.  Differences betwceen
“With” case and “Withoul” case are minimal. Speed improvement is only a small percent
on the average. This is because the traffic volume on the expressway is not signilicant in
terms of vehicle-kilometer while the total extension is still short. Another reason is the
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tendency of traflic toward an cquilibrium. If a car can freely run on the expressway, many
cars will take the expressway route. Consequently, average speed on the expressway goes
down.

Table 18.1-26 Fconomic Benefit of Inner-Ring Expressway Project by Source

(Milljon US$/Year)
Benefit Tranport ___Icaf:______
| (Savingsin) | . Mode 2006 2015
VOCsubject  |Private T -53 16.0
to Distance Public 03 0.9
: Total 50 16
VOC subject  |Private 23.2 81.8
to Time Public 08 1.1
Total 239 821
Trave] Time  |Private 18.2 743
Cost (TTC) | Public -0.5 4.8
Total 11.7 7
Private 36.1 1711.2
Totat Public 0.5 6.7
Tolal 6.6 178,01

(2) Evaluation Result

Econonﬁc cash flow of the Inner-ring Expressway is analyzed as shown in Table 18.1-28.
Small amounts of cost appear after 1005, This is the maintenance and operation cost of
the expressway.,

IRR of the expressway project is estimated at 14.7% and the net present value (NPV) is
US$ 89 million. As the IRR is over the discount rate of 12%, the project is judged
economically feasible. However, the valuc of IRR is not so high and then sensitivity
analysis becomes important. Especially, as car users are sensitive to the toll charge,
sensilivity to a change in toll rate is of significance.

Table 18.1-27 Average Speed Change by Inner-Ring Expressway Project

Mode Year 2005 Year 2015

Wig w/ | Wi Wi
Car 135 139 104 107
Taxi 118 120 9.4 9.7
Truck 16.7 16.9 122 12.5
1Bus 15.1 15.2 11.9 120
Trunk Bus 25.7 25.3 19.0 19.0
Express Bus 300 300 30.0 3040
Average 13.8 14,40 10.6 109
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Table 18.1-28 Economic Cost Benefit Cash Flow of Inner-Ring Expressway

{US$. 1000}
Year - _Cash Flaw Discou Cash Flow
Caost Booefit B-C Cost Beoedit B
1999 0 1] . 0r 0 0r G
2000 10,482 0 10,482 9,159 0 2,359
2001 24,809 0 -24,809 19,778 0 -19,778
2002 59,834 0 -59,834 42,589 0 -42,589
2003 178,727 o] -178,727 113,584 0 -113,584
2004 178,721 0 -178,727 101,415 1] -101,413
2003 106,622 0 -106,622 54,018 0 254,018
2006 104 56,746 50,042 47 22,955 22,908
2007 104 64,880 64,776 42 26,204 26,162
2008 104 79,014 78,910 a7 28,493 28,456
2009 104 93,148 ‘ 93,044 B X ) 29,991 29,958
2010 104 107,282 107,178 30 30,841 30,811
2011 259 121,416 120,157 66 31,164 31,098
2012 259 135,550 135,291 59 31,065 31,005
2013 259 149,684 149,425 53 30,628 30,575
2014 259 @ 163,818 163,559 47 29,929 29,882
2015 259 177,952 177,693 42 29,028 28,986
2016 518 192,086 191,568 75 27,916 27,901
2017 518 206,220) 205,702 &7 26,817 26,749
2018 518 220,354 219,836 &0 25,585 25,525
2019 518 | 234,488 233970 54 24,309 24,255
2020 218 _248.622 248104 4R 23012 22064
2021 -1583721 { 158,371 -13,088 0 13,08
Total 405,231 22452517 1,840,026 328416 417,995 §9.580
IRR{%) 14.7
B/C 1.27
Y J9.5R]

(3) Sensitivity Analysis
1) Change of Cost and Benefit

As IRR of the expressway project is not so high, it is sensitive to a change of cost and
benefit. Table 18.1-29 presents the resull of a sensitivity analysis.  Assuming the
threshold value of IRR for being feasible, the project is still feasible against 20% decrease
of the benefit or 20% increase of the cost. However, If both of 10% decrease of the
benefit and 20% increase of the cost happens, IRR will be less than 12%. The same is
true {0 the condition of 20% decrease of the benefit and 10% increase of the cost.

Table 18.1-29 Change of Cost and Benefit of Innei-Ring Expressway Project

Benefit Cost Chaoge

Change 20%Jess | 10%less | Base Case ] 10%up 2% np
20% up 200 134 17.0 158 14.7
10% up 18.8 17.2 15.9 14.7 25.1
Base Case 176 16.1 14.7 13.6 12.6
10% less 16.2 14.8 13.5 12.4 114
20% lgss 148 134 122 1.1 1.2
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2) Change of Toil Rale '

Proposcd toll rate is C$ 2,000 in 2006 and C$ 3,000 in 2015, If this 1oli ratc is changed,
IRR of the project will naturally be affected. A hi gher toll rate discourages car users from
using the cxpressway and if users decrease, the economic IRR will be fower. Table 18.1-30
and Figure 18.1-8 shows the change of IRR under various toll rates.  If the toll is as cheap
as C$ 500, IRR is 21.2%. As the toll rises up, IRR becomes lower and at the toll rate
between C$ 5,000 to C$ 5,500, IRR falls below the threshold.  From the economic point

of view, a lower toll rate is desirable. However, the project cannot be financially feasible
at a low toll rate.

Table 18.1-30 Effect of Toll Rate of Inner-Ring Expressway Project on Benefits and IRR

Fare Level § Bepefitin 2015] _ Fconomjc Evaluation Indicators |
(PesoRide) | (Miliion USS) | IRR(%) | BiC _ |NPV(M.USS)
500 114.0 21.2 1.67 221,50
1,000 107.0 - 18.2 1.52 188.50
1,500 121.5 17.0 1.43 170.20
2,600 149.6 16.5 1.38 130.20
2,500 162.9 16.0 1.30 122.10
3,000 178.0 150 125 04.00
3,500 175.9 14.0 1.21 69.30
4,600 179.2 13.5 1.17] 44.50
4,500 2079 13.0 1.11 39.00
5,000 2013 126 1.07 21.40
5,500 185.3 11.6 0.96 -14.20
6,000 173.0 10,9 0.88 - -40.60
7,000 152.6 9.5 0.74 -84.40]
8.000 1335 8.2 0.62 -124.40
9.000 1221 7.3 0.55 -148.30
10.000 113.9 6.7 0,50 -165.60]
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Figure 18.1-8 Relationship between Economic IRR and Expressway Toll Rate

204



___The Project of Highway and Bus-Lang of Santa Fe de Bogata,

3} Influence of Trunk Bus System Pro]e;f

The inner-ring expressway project was evaluated with the precondition that the trunk bus
system project is implemented as scheduled during 2000 to 2005, 1If this condition is not
met and the trunk bus system is never realized, IRR of the expressway will be changed as
shown in Table 18.1-31, The influence of the teunk bus project is significant,  IRR will
increase by 2.8 points and NPV wilt be almost double. .

Table 18.1-31 Influence of Trunk Bus System Project on IRR of Expressway Prbiect

Item Trunk bus  exists | Trunk bus does not exist

(Base Case)
Benefit in 2000 50.7 90.1
Benefit in 2015 17840 192.6
IRR(%) 147 17.5
B/C 1.27 1.54
NPV(Miltion US$) 89.6 178.4
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