Outdoor parking lots; 2,340 m?2 (for 78 vehicles)

b. Chambacu area (14.1 ha, only Zone 1I)
b-1 8S8ector I (Multi center, 13.1 ha)
b-1~1 Sector I-A (Commercial, 6 ha)
Site area : 60,000 m }
Building area ; 15,000 m® (building coverage 25%)
Total ‘flooxr area ; 60,000 m2 (4 stories)
Area of store space; 36,000 m2 (60% of total floor area)
Number persons engaged: 1,200 persons (30 m® per person)
Number of parking lots; 1,800 lots (1 for each 20 m
store space)
Area of parking lots; 54,000 2 (30 m? per lots)
Parking building (capacity, 1,320 vehicles)
Total floor area, 39,600 mz, 4 stories (9,900 m2
: per story)
Outdoor parking lots, 14,400 m? (for 480 vehicles)
b-1-2 Sector I-B (Residential, 7.1 ha)
Site area ; 71,000 m2
Building area : 17,750 m2
Total floor area ; 355,000 m2 (20 stories, floor area
ratio 500%)
Total area of dwelling units; 248,500 m2 {(70% of total
fioor area)
Number of dwelling unit; 1,775 units (140 m? per unit)
Number of inhabitants; 7,100 persons {4 persons per unit)
Population density; 500 psn per ha for total project site
1,000 psn per ha for Sector I-B
Number of garages and parking lots;
1,775 garages for residents (1 for each)
178 lots for visitors (1 for 10 units)
Area of garages and parking lots;
Indoor garage for residents; 26,640 m2 (2 stories building)
QOutdoor garage for residents; 26,610 m
Outdecor parking lots for visiters; 5,340 me
Area of recreational space for community use;
17,750 m? (5% of total floor area)
b-2 Sector II (Centro Administrativo, 1.0 ha)
Site area ; 10,000 e
Building area : 4,000 m? (building coverage 40%)
Total floor area ; 40,000 m?2 &10 stories)
Area of office space:; 30,000 m* (75% of total floor area)
Number of persons engaged; 2,000 persons (15 m per person)
Number of parking lots:; 600 units (1 for each 50 m2
: office space)
Area of parking lots; 18,000 m2 (30 m2 per lot)
Indoor parking lot; 15,960 m?2 {4 stories)
Outdoor parking lot; 2,040 m? ({ for 68 visitors)
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c. Maritime Terminal (39.5 ha}
c-1 Residential Sector (10 ha, 10 buildings)
- for each building
Building area : 3,500 m2 {building coverage 35%)
Total floor area ; 28,000 m2 (8 stories, :
floor area ratio, 280%)
Total area of dwelling units; 20,000 m® (71.4% of
total floor area)
Number of dwelling units; 125 units (160 m? per unit)
Number of inhabitants ; 500 persons (4 persons per unit)
Net population density ; 500 persons per hectare
Number of garages and parking lots:;
125 garages for residents ( 1 per unit)
36 parking lots for visitors (3 per each 10 units)
Area of garages and parking lots;
Indoor garage for residents; 3,750 m2 (1 story, 30 m2 each)
Outdoor parking lot for visitors; 1,080 m2 (30 m2 per lot)
Area of recreational space for community use; 1,400 m (5%
of total floor area)
a-2 Commercial/business Sector (13.5 ha)
Total floor area ; 387,500 m2
Area of store and office space; 290,000 m2 (75% of total
floor area)
Number of persons engaged; 11,600 persons (25 m2 per person)

c-3 Educaticnal Sector (12.0 ha)
Number of students; 8,000 students (15 m2
Number of teachers/officials; 400 persons
(1 for each 20 students)
note: According to the municipal standard, the minimum site
area unit is 13 m? per student. Existing school data
show the number of staff is some 1/30 of students.

per person)

c-4 Green Sector (4.0 ha)
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6.3 Future Vehicle Ownexrship
6;3.1 General

466. ‘Current vehicle ownership in the Study Area is at a
fairly low level. In 1990, the ratio per thousand inhabitants is
only 32.6 for the total of passenger cars, taxis and trucks.
However, its growth rate for last decade recorded high rate (refer
to Table 6.3-1). |

Table 6. 3 1 Vehicle Number Registered in Study Area

B A e e WA e TR L AR S e S S e WR T GG M B R0 M e e M M e A e AT M N L M M L L R e e A WG G e e e

Year Pass.Car Taxi Truck Total
1981 5,131 539 1,324 6,994
1982 6,273 695 1,599 8,468
1983 7,119 844 1,591 9,554
1984 7,888 975 1,702 10,565
1985 8,844 1,084 1,874 11,802
1986 9,774 1,261 2,052 13,087
1987 10,195 1,338 2,073 13,600
1988 11,710 1,772 2,287 15,769
1989 13,680 2,276 2,539 18,495
1990 15,924 2,777 2,842 21,543
1991%* 16,944 2,872 2,902 22,718
Growth Rate - ~ :

(%/annum) 13.4 20.0 8.9 _ 13.3

ot e e . T = ey = 4 S T S} Tt T T e = = e W @ T W T M W e e W WY M A T PGP M S R S W e W W e —

note: Data in 1991 is registered number until July.
Growth rate is average between 1981 and 1990.

467. As described in section 2.3, the passenger car owner-
ship is generally limited to the relatively higher income group
due to the high car prices of new cars as well as used cars.
Depending on the market prices in 1991, the car prices are roughly
as shown in Table 6.3-2. ‘

Table 6.3-~-2 Market Car Prices (million pesos)

Type Engine Capacity Price
New Car 1.3 - 2.0 liters 9.0 -14.0
Used Car
5 years 1.3 - 2.0 liter 4.0 - 7.0
10 vears - 1.3 - 2.0 liter 2.0 - 3.5
468, Taking into consideration the household income struc-

ture in the Study Area, about 60 per cent earn less than 150
thousand pesos per month based on the Home Interview Survey Re-
~sult, low car ownership is understandable (refer to Table 6.3-3).

Howevér, non-car owning households belonging to upper-middle and
“high income groups still exist and therefore such households are
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forecasted to own cars in near future.

Table 6.3-3 Income Strdcture and Car ownership -

_.._._._...__.-._....._...-.--....-4_——._--—..-.-—..—-mw..-—-.-n-..-........._____...............__._.-..—.-...-.--—--.v.....n.___—.

Income Rank No. of Households Non-car. (%) .One-~car Multi-car

mmmn“—-I-—n.-“n-n—.————“ﬂ—--n-—u-n_uuul—-—n‘:—-q—-—-o-“M-mﬂ"m-"-——‘-l—_—_“m“—“_m—

50, 000 © 20,213 119,972(99) 241 0
75,000 26,289 25,772(98) 517 0
100,000 26,178 °  25.459(97) 719 - . 0O
150, 000 - 18,569 17,401(94) 1,168 0
200,000 12,783 11,502(90) ' 1,281 0
250, 000 - .7,034 . 5,891(84) 1,143 .0
300, 000 5,195 3,727(72) 1,289 179
400,000 3,127 .+ 2,084(67) 842 - 201
600, 000 . 2,331 1,194(51) 857 280
700,000 . . 1.099° . 1 488(44) 431 180
900, 000 : 1,507 ~ 555(37) 644 308
1,000, 000 o 1,151 0 . 786 - 365
over 1,429 -0 756 673
Total 128,905 114,045 10,674 2,186

:...-____.n.._.-....'_._.__._—--.-.--_........._......_.........__..-_.......-—--..__.__.._-——-.....a...u.._-—___._n—__._

source: Home Intérview Survey results, ‘August, 1991
note : The values of income are not rigorous: ones because of
the 1imitation of survey method.

6.3.2 Forecast of Future Vehicle Ownership

(1) Passenger Car

469. Presuming no drastic changes in car prices and social
income structure in the Study Area, ~the car ownership will in-
crease according to the sum of population increase and income:
growth, if. supposing the appropriate households will purchase the
car. The actual car ownership in the Area is at low level compared
with other cities, therefore, it will increase at hlgh growth rate
following that as in past decade.

470. Table 6.3-4 shows the fnrecast of passenger car ownership

growth for next two decades based on the population growth, income
growth and past growth rate of car ownership of the Area.
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Table 6.3-4 Forecast of Car Ownership of the Area

- am e iaw ma R TR W R e T Wy e yer R WA M M e e e e mn S AP Ry W ey e s e e Sm A A G Gl ey e o M MR W R G A Seb A U S WE G M e e e e T O We W e R

Year 1981 1990 1995 2000 2005 2010
No. of Pass. Car 5,131 15,924 25,640 37,670 50,410 67,460
Growth Rate (%) 13.4 10.0 8.0 6.0 6.0
Pop. Increase(%) 4.1 3.2 3.1 2.9 2.9
income Growth(%) - 1.3 2.1 2.3 2.3
Ownership

(veh. /1000 psn) - 24.1 33.2 41.9 48.5 56.2

e i ok ke . WA N A . R RN M e = e e e e g W M M m  mem e mw e T A e W T W R b b G e e g ek e e L R T Le MM M S L e S Ml e A R

note: Population increase and income growth correspond to the
forecast of Chapter 6.

471. In 2010, more than 20 % of households will have private
cars in contrast to 10 % at present.

{(2) Taxri

472, Taxi is used as a part of public transport in the Area.
Number of taxi trips in 1991 is about 52,480 per day in Cartagena
which corresponds to 4.2 % of the total person trips exclusive of
walking trips. One taxi make 18.9 trips per day on the average.

473, Number of taxi vehicles has increased at very high rate
for last decade (refer to Table 6.3-1). The increase is due to;

a. low private car ownership,
b. small number of taxi vehicles, and then
c. attractive business with relatively little investment,

474, Since the condition of private car ownership is diffi-
cult for the middle and low income people, the taxi business is
attractive, and the number of taxi vehicles will increase until
the moderate level of operation is reached. The moderate level of
taxi vehicles is very difficult to determine, however assuming
about 7 % of the total person trips by taxi, the number of taxi
vehicles is forecasted as shown in Table 6.3-5.

Table 6.3-5 Forecast of Taxl Vehicles

e e —r e o o S W Y= = e e e e i A T e A M e M e ke o e e  wws e S o U b e e Ty

Year 1990 1995 2000 2005 2010
Population (1000 psn) 660 773 900 1,040 1,200
Total Trip Number (1000) 1,254 1,469 1,710 1,976 2,280
Taxi Share (7 %) 88 103 120 138 160
No, of Taxi by 7 % 4,660 5,450 6,350 7,300 8,470
No. of Taxi forecasted 2,777 4,890 6,240 7,230 8,420
Growth rate ( % ) 20.0 12.0 5.0 3.0 3.1

e e i v o ——— i — e S T W e M  n e e el ek Mt o T b e e e e - e e

note: No. of taxi by 7 % is calculated by assuming 18.9 trips of
the average trips per day.
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{(3) Truck

475. The growth of truck number is considered due to the
population growth and economic growth. Based on the past decade
growth of such factors, following model can be obtained;

Growth rate of number of truck: 8.9 % per annum from 1981 to 1990
Population growth: 3.3 % per annum from 1985 to 1990
GDP growth: 4.4 % per annum from 1985 to 1990
Elasticity of growth rate of truck vehicle number
to the sum of those of population and GDP:
1.089/1.077 = 1.011

476. Using this elasticity, the number of truck vehicles is
forecasted as shown in Table 6.3-6.

Table 6,3-6 Forecast of Truck Vehicles

o b b b o A R M T S G N ARl M T L e A i A e b i B ek el 4GS S A L S M LEL L B ek G i G b e A S e e e e

Year 1890 1995 2000 2005 2010
Pop. Growth (% per annum) 3.2 3.1 2.9 2.9
GDP Growth (% per annum) 4.3 4.5 4.5 4.5
Growth Rate of Truck (%) 8.7 8.8 8.6 8.6
No. of Truck Vehicles 2,842 4,310 6,570 9,920 14,990

—— A A L A TN R A M T e AT SR M e WA S AR M VR e R e e A e D Gk S A el G Reb G A e A A L WA Y G L S S Ml EA AU P N AN W S e e

note: Growth rates of population and GDP correspond to the result
of Chapter 6.

477. Total vehicle number forecasted exclusive of bus and
motorcycle is summarized in Table 6.3-7.

Table 6.3-7 Vehicle Forecast in the Study Area by 2010

L S AN ks e AL ek el S A R S S S W S S e S W W e me T SR WR T Y W T Mr e W T TOY TET W e TR e w e e e e

Year 1990 1995 2000 2005 2010
Passenger Car 15,924 25,640 37,670 50,410 67,460
Taxi 2,777 4,890 6,240 7,230 8,420
Truck 2,842 4,310 6,570 9,920 14,990
Total 21,543 34,840 50,4B0 67,560 G0,870
Ownership per

1000 inhabit. 32.6 45.1 56.1 65.0 75.7

—230~



' CHAPTER 7 FUTURE TRAVEL DEMAND
7.1 General

478. : In this Study, Vehicle oD Trip Survey was carried out
instead of Person Trip Survey. An advantage of this survey method
is not only to reduce the survey volume, but also make it easy for
- data analysis. However, by Vehicle OD Trip Survey, it is difficult
to arrive at the relationship between private and public modes.
Therefore, several surveys, including Household Characteristic
Survey and Public Transport Survey, were conducted in this Study
to supplement the above information..

479., ~ In Cartagena,'it was.disdlosed from the data analysis
that car ownership influences the determination of modal choice
between private car and public bus. It is not likely that the
‘modal choice is made by the travel time or travel cost on the
route to destination. C

480 . In this Study, taking into consideration the survey
method and the trip characteristics such as demand structure and
modal choice, the urban travel demand model was made.

481. .~ The urban travel demand model. commonly known as the
"Four Step Method" was basically employed in the Study. The four
step method is used to predict (1) the number of trips made within
the Study Area, (2) zonal origin-destination (OD) pair, (3) the
mode of travel used to make these trips, and (4) the routes taken
"through the transportation network by these trips.

482. - For the modal split model, the model known as a "trip-
end" model was employed. This model is based on the assumption
that modal choice is primarily explained by socioeconomic charac-
teristics on generated or attracted zone. The variables used in
this model are car ownership and income, etc. This model, however,
can not utilize the service characteristics (travel times, costs,
etc.) of the alternative modes to determine the modal splits. In
Cartagena, as before-mentioned, the modal choice between private
car and public bus is_primarily determined by whether the passen-
gers are car owners or not, and not by the travel time or cost.

483, The flowchart of forecastlng model is shown in Figure
7.1-1. The model is embodied by mode corresponding to each step as
shown in Table 7.1-1. As for trip purpose, this was classified
into all purposes exclusive of "to home" purpose and "to home"
purpose.
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Figure 7.1-1 Flowchart of Forecasting Model
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Table 7.1-1 Model Structure

v e S T B A Sm W M R W ket T M mp e e A LmM WA T W A R WA W T R TEL M K e W mal e e ek G e e i R N AR SR et W3 bk el dme WA AN e e

st ke A A R s e w S e o ke ek T UM T R A M W Tam Y Tl m AR B e 8 e b il o e S W A WA M eA Gk Gl WA AR me ma mm R

1) Trip Production - -

2) Trip Generation/
Attraction, - O 0
Modal Split

3) Trip Distribution 0 0
4) Traffic Assignment - 0
484. As for estimating for traveler demand for non-residents

who dwell outside the Study Area, the four step method was not
applied, however, it was employed for the residents within the
Study Area. Travel demand for non-residents was estimated by a
simple estimation method based on trend analysis. This is because
trip information for non-residents is not avallable, and addition-
ally, the ratio of their trips to the total is as low as 4% at
present. The influence on the accuracy of estimated whole trips is
little, even when the simple method is employed for non-residents.

485. The forecasting of future truck demand was made by the
similar simple estimation method as that forecasted for the non-
residents, not by applying the four step method. This is because
at present, truck trip ratio to the total represents (2%) of the
urban traffic.

486. The classifications of trip purpose and transportation
modes are shown below;

a. Trip Purpose

- To work/to school/business/private
- To home

k. Classification of Modes
- Car
- Taxi

- Bus
- T;uck
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7.2 Travel Demand Model
7.2.1 Trip Generation and Attraction Model

487. This model has two steps: the first is to estimate the
total trip production for an entire area, and the second is to
estimate zonal generated and attracted trips which are adjusted
into agreement with the total trip production as control total. At
the same time, modal cheolice is made by zone based on the trip end
model.

(1) Trip Production

488. Future total trip production in the Study Area was
estimated by using future trip production rate (number of trips
per person). Since the motorization (number of cars per 1000
persons) and production rate have some relationship in which the
higher the motorization is, the higher the trip production from
the data analysis, the relation as shown in the following equa-
tion was employed to estimate the future trip production rate.

Log(PR) = a + b * Log(M)
whera; - ,
PR : Trip Production Rate
(Car+Taxi+Bus)trips per population (above 5 years olqd)
M : Motorization (number of cars per 1000 population)
-0.2288
0.2559

it

a
b

(2) Trip Generation and Attraction Model

489. Trip generation and attraction by zone are forecasted
by trip purpose and by mode as before-mentioned. This model also
has two steps: the first is to estimate the zonal trip generation
by all modes, and the second is to estimate the modal choice
between private (car and taxi) and public bus. As for "to home"
purpose, the trip generation is reflected as the total sum of
attracted trips of other purposes. On the other hand, the trip
attraction is considered as the total sum of generated trips in
the same manner.

490, As for the modal split, the transportation modes are
classified into 2 modes: private transport (car and taxi) and
public transport (bus}). The estimation of each transport mode is
made by the trip end model. In this classification, taxi is clas-
sified into private mode due to the fact that taxi serves as
private due to its nature similar to passenger cars.

491 . The forecasting of trip generation is estimated by the
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following steps:

1) Future gzonal trip generation rate is estimated by using the
egquation below;

GRi = K/ (1 + a ¥ e ~(b * M1) )
where;
GRi = Trip generation rate of zone i
purpose: all purpose exclusive of "to home”
purpose)
mode : (Car+Taxri)trips per population (above 5
years old)
Mi : Motorization of zone i
(number of cars per 1000 population)
1.7
= 25.2700
0.0285
0.93

HoTp R
]

"

2) Future zcnal trip generation is estimated below;

Trip generation of zone i = GRi * population
{above 5 years old)

3) Future =zonal modal choice is estimated by the trip end model
as shown in the following equation. Car ownership by each
zone was employed as the variable in this model. The rela-
tionship with this variable is shown in Figure 7.2-1.

PVTi = a + b * Log (Mi)
where;
PVTi : Ratio of modal choice by private car
including taxi

Mi : Motorization of zone i
{number of cars per 1000 population)
a = ~0.,157
b = 0,121
r = 0.96

4) As for trip attraction, linear type regression models were
developed. The equation is shown below;

Aj = a + bl*Xjl + b2%X3j2 + b3*Xj3

where;
Aj : Attraction trip to zone j
Xj ¢ Socioeconomic data in zone j

a, bl, b2, b3: model parameters (refer toc Table 7.2-1)
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Figure 7.2-1 Relationship between Motorization and PVT

Table 7.2-1 Parameters of Trip Attraction Model

g T . R A AR ek S MR e S e e M e W W e R P E R MM TR WA M W e W e e e e ek Ml e et ek ek e oy AR S T T8 S A e b A Sk e T

Items a bl b2 b3 T
{a) Car+Taxi
All purpose -458.2 0.630 - 6968.9 0.93
(excluding "to home")
(b)) Bus
all purpose -6129.0 2.086 1,706 78661.5 0.95

(excluding "to home”)
note: variables
(a) Car+Taxi X1 : employment on working place
(first, second and texrtiary)

X3 dummy = 1

{b) Bus X1 : employment on working place
X2 : students on school place
X3 : dummy = 1

e

492, Since there are some gaps on the several zones between
estimated values and actual data, dummy variable is added in this
model to improve the accuracy of estimation.

493. As for the estimation of taxi trips, the split ratio of
taxi and car is applied based on the present trip ratio using taxi
by each zone from the Vehicle 0D Trip Survey data. Based on this,
the taxi trip generation and attraction are estimated.
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7.2.2 Trip Distribution Model

494. ... Voorhees-type gravity models are developed to estimate
interzonal trips by all purposes exclusive of "to home" purpose
and by mode. The "to home" trip is estimated in the same manner as
generated and attracted "to home" trip.

(1) Ihtetzonal Trips

g ~ Aj . Dpij®
Tij = 6Gi ———
~ : : L Aj . Dij®
where; : :
Tij : OD trips between zone i and j
Gi : Generated trips from zone i
Aj -: Attracted trips to zone j
Dij : Road time distance between zone i and zone j.

(minutesg) :
‘a : Parameter ('refer to Table 7.2-2)

Table 7. 2 2 Parameter of Trip Distribution Model .

Type of Vehicle a r
(1) Car -0.535 0.985
{(2) Bus ~0.400 0.917

e mm e n T e s e T R ey e s e e e e Gt W e rm e e e R e e e

Note- All purposes exclusive of "to home" purpose

(2) Intrazonal Trip Model

L = K . Gi® . aiP . pi® .pid

where;

Tii : OD txips inside zone i

Gi : Generated trips from zone i
Ai : Attracted trips to zone i
"Li : Area of zone i (ha)

Di  : Dummy . variable

K, a, b, c, d: Parameters (refer to Table 7.2-3)

‘Table 7.2-3 Parameters of Intrazonal Model

A S P YET SR A O W S AN T YR T WR TR Ny A e = bt e o o e e e e bk e e et b W b i Sl e e e e vk BB e ek ek e ek Gt A Aea i Lms A

Type of Vehicle K a b c d r
(1) Car 0.0191 0.2370 0.6207 0.3332 2.0812 0.89
(2) Bus 0.0319. 0.6705 0.1759 0.3177 2.2446 0.96

note: All purposes exclusive of "to home" purpose
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7,.2.3 Truck Demand Model

495, The truck demand is egtimated by a simple estimation
method based on trend analysis. The method has two steps; the one
is to estimate the traffic demand corresponding to the future
growth of truck or cargo volume, the other is to estimate the
generated and attracted volumes from/to large scale industrial
projects in the future,.

496. The trip production rate of truck is estimated by
traffic volume per the employed population of secondary sector at
present. The future traffic volume is forecasted based on the
future number of truck and secondary workers.

7.2.4 Traffic Assignment

497. The last step in the four step method is the assignment
of the predicted modal flows between each origin-destination pair
to actual routes through the given mode's network. In this Study,
traffic assignment model has two systems. One is for private
vehicle such as car, taxi and truck on roads, where the private
vehicle passes on minimum distance/time route chosen in this
model, and the other is for public transport {(bus and water trans-
port) on fixed routes. The buses and boats are assigned on fixed
routes prepared in the model. Both assigned traffic volumes were
combined together on the same road network after conducting traf-
fic assignment separately.

498. Bus assignment is conducted by the bus assignment model
in which bus passengers are assigned on bus routes applying the
minimum distance chosen from among several bus routes to connect
same OD pair. This model is employed in the planning to introduce
public water transport system, in which the diverted passengers
from alternative bus routes to water trangport routes is estimat-
ed.

(1) Average Occupancy and PCU

499. The person base trip OD tables (trip/person) by mode
have to be modified into passenger car unit (trip/PCU). These OD
tables are firstly modified into vehicle base unit divided by
average numnber of passengers (occupancy) and finally, multiplied
by PCU factor. The average occupancy and PCU factor used for the
conversion are shown in Table 7.2-4.
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Table 7.2-4 Average Occupancy and Passenger Car Unit (PCU)

s it ke e T T e o i e e S e A e e S M T T e ey ey S VA TS S Sl A G G b T R WA A s Ak S e M e S

Vehicle Type Average Occupancy PCU Factor
Car 1.85 1.0
Taxi 1.62 1.0
Truck 2.26 2.5
Bus 24.62 2.0

s R b ik S i e ey e R N WS N WL S Ra W VR R4 M me mr e e pel B A G M L fem Al ik S WA AR A S A i E G s R T T T e e v

{2) Traffic Assignment Model for Private Mode

500.

The traffic assignment model for private mode is

"capaclity restraint" method as shown below:

a. oD matrices are divided into following 5 lots to make the
phased assignment of the traffic: lst 30%, 2nd 20%, 3rd 20%,
4th 20% and 5th 10%.

b. Minimum time-route is selected on roads.

C. The 1st lot of trips 1s assigned to the selected route
and the number of trips passing over each 1link of
network is counted.

d. Travel speed on each road is modified according to
speed-flow curves.

e. The above four steps ave iterated.

Assignment Conditions

The speed of vehicle to select minimum-time route is governed by
the relation of traffic volume to the capacity. Hence, the speed
of vehicle is determined according to speed-flow curves which are
governed by the number of lanes. one-way and dual-way traffic

flows,
area,

and land use conditions along road classified into urban
rural area and unpaved road. Figure 7.2-2 and Table 7.2-5

show the speed-flow curves.

SPEED kv
V.MAaxX
(FREE FLOW SPEED)
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{SPEED AT CAPMIITY)
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|
|
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1
1
t
|
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1

QMN=04%X0C QC OMAX1 2500
(CAPACITY}

Figure 7.2-2 Typical Speed/Flow Curve



Table 7.2~5 Speed-Flow Curves

Road e Condlitions Speed Capaclty
Ho. | Landuse | Claesif| Paved or l-way or No, off Vmax v Vain Q1 Q¢ omax
Unpaved Dual-way Lanss | {km/hr) __ (hafhr} _ {km/hr) {veh/hey  {veh/hr)  {iveh/hr)
) j Urban Major 1 2 ;) 96 BO 10 38,400 96,000 120,000
2 {Area Road 1 2 L] o6 =14 10 28,800 12,000 20,000
3 1 2 5 e 80 10 24,000 £0,000 73,000
4 1 2 4 96 80 10 19,200 48,000 60,060
8 1 2 2 a4 70 8 6,400 16,000 20,000
6 1 2 1 78 65 5 3,200 B,000 10,000
7 1 ) B 98 20 10 28,600 72,000 90,000
8 L H 5 96 a0 10 24,000 60,000 75,000
9 i 1 4 96 80 10 19,200 48,000 60,000
j1i] 1 1 3 o6 1 10 14,409 36,000 45,000
131 1 1 2 B4 70 B 9,600 24,000 30,000
12 N PR S SRR 78 65 5| . 4,600 12,000 _ 15,000
i3 Minor 1 2 ] 12 60 -] 38,400 96,000 120,000
14 Road 1 4 8 Tz 60 B 28,800 12,000 99,000
15 1 2 4 72 60 ] 19,200 48,000 60,000
16 1 2 F 48 40 5 6,400 16,0G0 20,000
17 1 Z 1 42 as 5 3,200 g,000 10,000
18 1 1 4 1z 60 8 19,200 48.000 60,000
19 1 1 3 1z 80 8 14,400 36,000 45,000
20 i 1 2 48 40 5 9,600 24,000 30,000
21 1 1 1 42 35 5 4,800 12,000 13,000
22 2 2 4 36 30 S 14,490 36,000 43,000
23 2 2 2 36 30 5 4,800 12,000 15,000
24 VT I T 24 .20 5|.. 3,200 8,000 10,000
25 Access 1 2 4 48 49 3 15,360 38,400 48,000
26 Road 1 2 2 36 30 5 5,120 12,800 16,000
27 1 2 H 30 25 5 2,560 6,400 8,000
8 1 1 4 48 40 3 15,360 38,460 48,000
29 1 1 3 36 30 5 11,520 28.800 36,000
30 1 1 2 36 30 S5 7,680 19,200 24,000
31 1 3 1 30 25 3 3,840 9,600 12,000
az 2 2 4 24 29 L 11.520 28,800 38,400
a3 2 2 2 24 20 5 3,840 9,600 12,000
34 o 2 2 3 18 15 3], . 2.560 6,400 8,000
a5 ]| sub-Urban] ™ i 2 8 95 a0 10 38,400 96,900 ° 12,000
a6 1 2 & 2 1] . B 10 23,800 72,000 90,000
aTF 1 2 4 96 80 10 19,200 48,000 60,000
38 1 2 2 T2 60 8 6,400 16,000 20,000
39 1 2 1 36 30 5 3,200 8,000 10.000
40 2 z a8 36 30 5 30,720 76,800 96,000
41 z z B 36 30 5 23,040 57,600 72,000
42 2 2 4 36 30 5 13,360 38,400 48,000
43 2 2 2 23 20 5 5,120 12,800 16,000
| 44 2 2 Y% O 10 3 2,560 6,100 8,000
Conditlon of Q-¥ Data
1} Road Surface; 1! Paved
2: Unpaved
2} Direction; 1: Gna-way
2: Dual-way

(2) Traffic Assignment Model for Public Mode (Bus Transportation)

501. Minimum bus route from among several alternative routes
by OD pair is chosen taking into account a waiting time at bus
stops when passengers transfer bus, and bus passengers are as-
signed on this route. This assignment system introduces the con-~
cept of traffic assignment model for private mode in which 0D
table is divided into several lots, and the assigned route is
determined by each lot according to equilibrium equations between
speed and capacity. In this model, assigned bus route is deter-
mined by each lot according to frequency of service instead of
speed-flow curve. When the frequency is exceeded by assigned
number of buses, this bus is not chosen in next lot.

502. This model associates with the planning to introduce

the water public transportation against alternative bus transpor-
tations. The passengers will divert to boats from alternative bus
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routes by time efficiency between both routes by each 0D pair.

503.

a.

Method of the model is outlined as follows;

OD matrices are divided into the following 5 lots to make the
phased assignment of the traffic: 1st 30%, 2nd 20%, 3rd 20%,
4th 20% and 10%. ‘

Minimum distance route 1is selected on the assumption that
minimum time bus route is selected from among alternative
routes. When the minimum path is selected, walting time ox
transfer time at bus stop is taken into account.

The 1lst lot of trips is assigned to the selected bus route and
the number of trips incrementally loaded onto bus network is
counted.

Frequency of service by each bus route (input data) is com-
pared to assigned number of buses derived from the assigned
number of passengers. When the number of buses exceeds the
frequency, this bus route is not chosen in next lot.

The above 4 steps are iterated.
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7.3 Estimation of Future Zone Car Ownership

504. Since the zonal motorization is used as a variable in
the car trip generation model, number of cars owned in future must
be estimated. Car ownership has a close relationship with house-
hold income from analysis of the Vehicle OD Trip Survey data. In
this relationship, zone with high income level is high in car
ownership rate while low car owning is in low income zone. This
relationship i1s used for the forecasting of zonal car owners,
i.e., zonal motorization (cars/1000 persons) was estimated by
inputting both future estimated income and population by zone. The
figures are adjusted so that the total sum of future estimated
cars of all zones was eguivalent to the total number of cars
estimated in Section 6.3.2 in Chapter 6.

505. The estimated car owners by zone are shown in Figure
7.3~1 which shows the comparison between figures in 1991 and 2010.
The average motorization in the Study Area rises from 25 cars/1000
psn in 1991 to 56 in 2010, roughly a growth ratio of 2.2 times the
present motorization. As seen, the motorization in zZone Nos.1, 2
and 5 are higher. Those zones is forecasted to be 280 cars/1000
psn, 180 and 320 in 2010, respectively. Other zones are in range
of 20 - 50.

Legend
2010

veh /1000 persons
Mamonal

Is. Bary

Motorization 201071991

Figure 7.3-1 Estimated Motorization by Zone
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7.4 Projection of Travel Demand
7.4.1 Total Number of Trips

506. The total number of trips per day in the Study Area in
2010 is approximately 2.76 millions, of which 2.64 million trips,
eguivalent to 96% to the total, are made by residents within the
Study Area, and 124 thousand trips (4%) are for persons who are
outside of the Study Area. The trip increase ratio of the year
2010 to 1991 is approximately 2.1, in contrast to 1.8 of the
population growth ratio. Summary of trip flows in 1991 and 2010 is
shown in Figure 7.4-1, and summary of socioeconomic and travel
demand is shown in Table 7.4-1.

507. As for the trip composgition of transportation mode, the
share of car rises from 12% of the total trips in 1991 to 20% in
2010, while the bus share falls to 68% in 2010, in contrast to 82%
in 1991. In conclusion, the future number of car trips sharply
climbs by 3.6 times during two decades, corresponding to increase
of number of cars (4.0 times). ©On the other hand, the bus trips
rises to 1.7 times, relating to population growth of 1.8 times.

508. Table 7.4-2 shows the number of wvehicle trips converted
into passenger car unit (PCU). The modal share of car mode in pcu
base is 30% in 1991, and the figure for 2010 is 6% higher (36%).
On the other hand, bus mode is somewhat decreased from 32% in 1991
to 18% in 2010.

Table 7.4-1 Summary of Socioeconomic and Travel Demand

201071991
Itens 1991 2010
Figures Ratio Figures Ratio
1) Population 660,200 1,200,000 1.82
. %) Population (5 years abovel | 598,800 | 1,108,800 ) ... 1.85,
3) Ho. of Vehicles 22,718 1.00 90,870 1.00 4,00
-~ Car 16,944 0.75 67,4860 0.74 3.98
- Taxi 2,872 0,13 8,420 0.09 2.93
e e e e - Truck o .....2,902  0.133% . 14,990 Q.16 { _ .  _ ‘ 5.17.
..... 4) Cars/1000 populatien _ ) ... .23.86 _|....%58.22 . | R
5) Ho. of Trips {sll)s 1,259,400 1.00 2,639,358 1.00 2.10
No. of Trips e 1,227,247 2,473,413 2,02
{Car+Taxi+Bus)
- Car 145,769 0.12 525,914 0.20 3.61
- Bus 1,028,998 0.82 1,786,883 0.68 1.74
-~ Taxi 52,480 0,04 160,616 0.06 3.06
e i e e s Truek . 32,153 . 0.021 165,945 . 0.06 ..21:186
&) Trips /Population (5 Years 2.05 2.23 1.089
{Car+Taxi+Bus} above)

Hote: + Unit of trips Is person hase, not vshicle basse.
The figures are only trips within the Study Area.

—243—



Table 7.4-2 Modal Share of Vehicle Trips (unit: pcu)

Trips Ratio

Type of Yehlcle R .
A 199) | 2010 1691 2010 R010/1951
Car 78,791 | 284,382 0.306 1 0.357 a.61
Bua 83,590 1 145,157 0.324 1  0.182 1.74
Taxi 59,639 ! 182,589 0.232 1  0.229 3,08
renek 35,567 5 183,867.{  0.138°  0.231] . 5.16
Total . 257,608 | 795,695 1,000  1.000 3.09

RNAL-TRIPS

el = = >

feisadege

~
~

e \I%QS, Ta } NON-RESDENTS
TOTAL NUMBER OF TRIPS
2,762,000 TRIPS/DAY (2 0I0)

1,307,000 TRIPS/DAY {1 991}

LEGEND
UNITIO00TRIPS/DAY

f
?RE&DENTS

YEAR 2Q10/YEAR 1991

Figure 7.,4-1 Summary of Trip Flow in 1991 and 2010
7.4.2 Trip Generation and Attraction

509, Estimated trip generation and attraction in the year
2010 according to the integrated zone are shown in Table 7.4-3,
and Figures 7.4-2 and 7.4-3 show the composition of each mode by
zone in 1991 and 2010, respectively. The detailed discussions are
as follows;
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1) Car

510. Table 7.4-3 and Figure 7.4-4 show comparison between
the figures in 1991 and 2010. As seen, the trip generation and
attraction in 2010 in zone Nos.1l, 2, 4 and 5 are also heavy vol-
ume, maintaining the present trip pattern. The higher increase
ratio of trip generation and attraction between 1991 and 2010 are
in zone Nos.13, 18 and 15, i.e, the first two zones are in Mamonal
industrial zones and the last is in the new development area.

2) Bus

511. Table 7.4-3 and Figure 7.4-5 show comparison between
the figures in 1991 and 2010. As seen, the future trip generation
and attraction in zone Nos. 2, 4, 10 and 11 maintain heavy volume,
and those places will play the same important role in public
transportation as at present.

512, The increase rate of trip generation and attraction
during two decades in zone Nos. 13, 15, 16 and 18 becomes high
(2.0 times or more), while residential area (zone Nos. 6-12) is
somewhat low (1.1-1.5 times). This tendency is related to the
population growth for trip generation and to the employment growth
for trip attraction, respectively.

3) Taxi and Truck

513. The taxi trips show that the heavy trip generation and
attraction are similar to that by car. As for the future trip
generation and attraction by truck, the heavy volume concentrates
on the zones (Nos.l1l6 and 18) where large scale industrial projects
are planned (refer to Table 7.4-3, Figures 7.4-2 and 7.4-3).



Table 7.4-3 Trip Generation and Attraction by Mode in 2010

Car {(Person Base) Bus {Person Base)
' 1991 2010 1991 2010
Integrated

Zone Gen ALt Gen ! Att Gen Att Gen ! AtL
1 28,788 1 26,916 75,770 : 78,684 42,873 . 53,820 90,231 : 956,250
2 43, 240 42,9011 112,494 ! 97,936 196,574 : 227,358 266,943 : 299,034
3 1,908 : 1,940 6,875 : 5,607 41,780 . 42,940 45,085 : 47,512
4 10,503 © 10,404 40,082 : 48,092 83,200 : 17,001 1BG,501 ! 169,582
3 16,620 : 16,770 45,317 . 51,030 18,203 ¢ 21,433 73,043 : 73,529
8 1,080 : 1,080 8,822 : 5,795 85,347 : 74,336 97,045 : 87,610
ki 795 ¢ 794 8,338 : 5,661 39,523 : 41,394 50,999 © 53,307
8 616 - 616 7,136 3,555 46,827 ¢ 44,411 66,648 @ 65,121
9 2,900 : 2,884 5,917 ¢ 6,198 19,906 : 15,997 25,650 : 22,660
10 5,828 5,827 12,115 : 14,470 111,630 © 115,839 137,676 © 141,948
11 4,932 : 4,931 20,797 : 16,543 178,495 : 155,842 200,982 ° 180,799
12 T.379 : 7,380 20,178 19,585 17,950 18,177 34,660 : 36,6686
13 8,679 6,698 46,507 : 38,066 13,915 ¢ 16,102 86,732 : -+ 85,053
14 5,309 : 5,685 15,663 12,498 88,969 : 75,766 100,414 : 87,872
13 4,947 : 4,971 24,983 28,800 42,998 : 43,274 102,669 : 101,209
16 az 31 23,612 @ 27,999 36 : - 631 92,012 1 97,444
17 39 a9 6,696 : 6,700 D 298 19,860 : 21,935
18 1,308 : 1,306 24,724 : 37,668 22 480 92,513 : 86,202
19 11 3,186 0 54 7,185 : 7,392
20 0 4,276 (VI 21 i2,686 13,385
21 1,249 ; : 4,764 174 1,038 497 4,741
.............. 221 ..1,398 1,295 L6.BOL [ 4740 2,387 | 1,892 7,632
Total 145,769 : 145,763 525,914 ¢ 525,014 028,995 1,028,998 4,786,883 1,786,883

Taxi {Person Basae) Truck {Person Base)
1991 2010 1991 2010
Integrated
Lone Gen - Attt Gen : Attt Gen Att Gen - ALt
1 7,732 ¢ 8,781 21,9586 ! 19,466 1,519 : 1,548 2,832 2,848
2 16,774 10,801 36, 550 : 29,940 3,740 : 3,675 5,467 5,408
3 486 . 1,301 1,432 3,260 176 : 154 509 : 509
4 6,147 1 4,289 22,025 1 13,131 3,684 ° 3,675 8,816 | 8,877
3 2,190 : 4,311 9,969 . 5,528 1,288 : 1,211 3,526 3,444
8 643 1,082 2,169 : 5,684 610 : 12 1,313 1,320
¢ 657 ! 1,118 2,805 ° 5,859 563 1 626 867 | 1,010
8 182 : 889 2,197 ¢ 4,874 418 . 407 2,025 : 1,987
g 1,237 ¢ 2,264 3,603 : 3,134 927 ¢ 976 1,358 1,358
10 4,419 ° 2,737 7,780 : 5,978 1,582 | 1,616 3,085 : 3,137
11 2,484 ! Z,559 5,162 : 8,179 2,874 - 2,703 3,892 ¢ 3,921
12 1,325 0 1,794 2,837 ° 4,701 a,s08 ° 3,449 7,402 0 7,440
13 196 : 933 1,312 5,883 4,868 : 4,753 19,203 : 19,242
14 2,774 1 5,477 $.583 . 9,898 2,039 | 2,066 3,040 3,078
15 4,852 : 3,542 11,595 7,571 2,745 - 2,667 5,438 . 5,388
16 15 ¢ 65 10,290 8,181 5T 57 12,084 ; 12,084
17 0 0 1,395 : 2,341 118 ! 131 13,913 1 13,918
18 211 82 10,401 | 12,307 497 ° 601 65,863 . 65,865
19 o o 664 : 1,226 0 o 626 : 626
20 0 jt] 831 1,633 0 Q 1,281 ! 1,281
21 (L 63 [V 205 411 : 411 411 ¢ 411
........... 224,486 o aso ) .0, . 1,837} 710 716} 2,796 : 2,802
Total 52,480 : 532,480 160,616 : 160,616 32,153 : 32,153 165,945 : 165,945
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7.4.3 Trip Distribution

(1) Trip Distribution by Mode

514, The trip OD table for car in 2010 is shown in Table
7.4-4 which is integrated into 22 zones. Figure 7.4-6 illustrates
the desire lines by car for interzonal trips in 1991 and 2010, As
seen, car heavy trip flows in 2010 are between Centro (Zone No.2)
and its surrounding area {zone Nos.l,4 and 5), and between Centro
and the future developed area in sub-urban (zone Nos. 13, 16 and
18). The former shows the same trip movement as that at the
present, and the latter shows those corresponding to the traffic
to generate/attract from/to the future large scale developed
areas. This shows that in future car trip movement will widely
extend to the whole Study Area with heavy traffic.

515, '~ The desire lines by public bus transportation are shown
in Figure 7.4-7 which compares to traffic movements in 1991 and
2010. The trip OD table by bus in 2010 is shown in Table 7.4-5.
The desire lines by bus also involve two trip patterns; one is the
present trip pattern with more heavy traffic, and the other is new
trip movements between Centro and sub-urban area (zone Nos.l13, 16
and 18). In future, the strong desire lines by bus also widely
extend to all the Study Area.

516. The taxi desire lines in future show that the heavy
traffic movement still concentrates to Centro and its surrounding
area {refer to Figure 7.4-8). As for truck, compared with strong
desire lines in 1991 which is predominantly within the central
area and between Mamonal, Bosque and others, 0D trips in 2010
linked within Mamonal and between Mamonal and the northern parts
of industrial area newly developed in the Study Area become con-
siderably higher (refer to Figure 7.4-9).



Table 7.4~4 Car Trip oD Table by Integrated Zone in 2010

2010 Car QD Tabie/ {nside and'Out_slde' the Study Area

(Unit: Vehicle)

{Vehicle Base)

Int. Zone i 4 5. § 7 8 9 . 10 it
1 4,045 8,880 355 3456 4,101 356 341 321 352 885 . 1,038 L39%
210,392 8,887 a01 6,718 5,712 38 §80. 542 539 1787 2,238 - 2,395
3 - 411 930 146 368 . N 44 35 “ 32 .36 83 115 124
4 3,060 4,808 240 2,97 1,840 298 - 240 182 192 6§25 950 B47
3 3,936 3,936 142 2,053 1,223 344 329 223 196 : 885 - 1,205 1,340
8 565 1,143 59 582 650 148 47 47 73 © 97 . 192 138
-1 524 1,031 33 LV A 1) | 49 155 -8 112 111 81 10
8 432 569 KL 265 292 41 . .81 168 b4 146 115 158
g 357 398 25 213 195 42 71 51 103 - 213 128 148
10 765 1. 297: §5 588 : o -T29 B3 86 " 86 162 356 178 - 21}
131 1, 34% 2,132 136 1 41t L7708 - 168 K] - 108 164 213, n RUINS
12 1,493 2,142 109 982 1,380 - 116° 97 - 1 145 212 369 379
13 2,848 4, 502 232 1,985 2,631 223 229 287 357 §54 636 1,043
14 342 1,577 - 18 67t 912 L 87 117 158 228 19t Jiy
13 1,561 1,614 g5 - 83 - 159 251 251 S 214 §47 ] 190
16 1,416 1,805 101 135 . 808 100 110 118 162 284 288 373
i? 387 162 7 . 285 . 350 21 20 ki 42 47 41 68
18 1,609 3, 205 148 LI 1,806 82 67 113 194 161 157 266
18 280 429 19 156 225 il 11 14 19 25 3 a
28 309 547 .25 200 300 13 12 - 24, 232 n 34 52
21 385 718 32 T3t 334 - 18 u 21 28 57 52 67
22 710 1,83 wn - 486 748 53 24 - B9 109 130 109 207
Total | 42,792 53,746 3,082 26 11% 27,740 3,169 3,012 3,033 3,333 7,955 9,050 16.768) .
- 2010 Car 0D Table/ Inside and Outside the Study Area  (Vehicle Base)
Int. Zome 13 14 15 16 17 18 19 20 2t 22 Total {
H 2,316 715 1,684 1,692 M 2,423 264 - I8 542 (690 44,30
-2 4,167 1,292 2, 362 3,185 784 4,985 417 506 960 1,135 61, 823
3 225 65 155 15¢ 38 o 19 20 13 53 L
4 1,397 3 801 818 210 1,517 124 Y 206 B6§ 21,701
5 2,015 610 I 1,19 318 2,499 185 241 - 347 579 24,635
] S 252 Bl 303 152 26 . 142 12 14 23 &1 4,807
7 248 109 457 150 b1 . 110 i 12 - 16 M 4,529
8 .3 121 48 " 186 49 k)] 21 3 38 63 3. 865
4 201 115 225 144 40 302 17 21 33 67 3, 206
10 468 170 ) 248 50 310 25 30 42 . 127 6 638
11 64 199 . M§ 34 56 . 288 .24 36 33 216 11, 418
12 929 286 762 412 86 - 578 40 58 92 266 11.110'
13 2,471 736 i, 922 5018 FAGN 2,258 128 194 218 458 25,3341
14 73 440 .819 314 66 416 il 40 48 99 8,502
151 1,400 605 659 302 iy 1,598 94 148 198 468 1. 13,680
16 761 2 532 2,891 k] B 1,023 82 il 325 245 12,760
1t i 58 245 288" 604 100 i0 15 23 2§ L6
18 1,124 24 1,202 541 72 1,045 29 65 15 26 13,367
19 itl 3 115 80 12 60 153 4 T 91 . 1,8%
£0 176 L) 192 116 . 18 130 10 314 g M 2,603
4 154 54 188 218 19 9 ki 10 g 115 2,73
22 395 156 539 216 25 18 1 10 115 15 §, 045
Totat 20, 776 5, 866 15,688 15, 140 3,620 20, 3584 1,722 2,315 3338 5,743 | 289 445
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Table 7.4-5 Bus Trip OD Table by Integrated Zone in 2010

(Unit: Person)

© 2010 Bus 0D Table/ Insidé and Outside the Study Area  (Person Base)

Int. Zonel H 2 3 4 5 [ 1 8 g 10 11 12
1] 13,049 20,74 581 7.832 4,480 2,332 1,336 . L202 961 1,207 3,663 {, 384
2 22,626 31,329 0 IL663 22,206 . 12,333 15,460 11,295 11,566 2,988 26,943 28,614 3,803
3 732 17,835 10,767 9,793 . MW - 1M 522 214 212 613 - . 83 115
41 10,236 29,500 10,999 17,763 © 9,680 8,523 5105: 5181 L.786 13,006 13,947 4,218
© 5 4.0 12,93 505 9170 3,288 1,74 §,212 1,391 617 2,624 6, 408 1,707
& 2,835  19,33% 175 8Nt 1,113 13,236 2,808 4,211 1, 504 9,003 20,106 945
STy 1488 11,047 474 5, 529 990 2,157 4,382 1,675 420 2,272 6,540 525
8 1,328 16.9% 380 5, 893 1,453 3,702 5, 969 6, 544 11741 1,803 8,573 132
] 1, 340 6. 081 519 2,21 473 1,236 645 1,369 i,4H4 1, 631 1,843 403
1] 5754 29,784 734 114,557 & 3,488 6, 973 2,780 4,079 2,400 20,977 - 14,92 1,991
1 3,656 34,948 8713 15,520 5322 14,444 8,048 8, 888 1,858 23,546 38,199 1,707
12 ) 4, 750 ni? 4,086 2,084 1,227 - 342 502 AL 1, 496 7,664 1, 183
13 3,130 9,618 473 10,744 5,076 1,455 975 2, 205 667 4,308 5,210 3,561
14 4,314 19,7138 - THG 5115 4,965 3,628 2,253 487 2,060 13,24 11,390 . 1,238
15 4,676 13,114 16 8,528 4,087 - 32 2,787 4,023 2, 866 6,579 5,764 1,984
i 7.105 6,824 454 7,820 5422 1,297 1,280 - 1,979 629 2,513 2,23 1,939
17 T3 1. 892 93 1, 953 1,435 226 . 213 465 124 506 422 294
18 6, 728 9,915 490 11,392 B, 177 1. 36 1,159 . 2,51 701 2,988 2,607 1,799
18 389 57 ki) . 882 - 463 9. 76 158 44 “182 114 113
20 509 1,058 53 1,209 17 . 14% 131 2 7 322 - 280 203
2 631 4, 105 136 694 340 115 326 140 21 51 2,828 635
22 1,281 13,985 404 2, 2831 938 150 654 13 1, 116 1,904 5, 455 1,715
Tota} 97,861 316,680 47,987 172,215 T4, 704 87,806 . 54,278 - 65,251 24 042 144,383 188 898 38 855
2018 Bus 0D Table/ Inside and Quiside Ares _ (Person_Base
Int. Zone, 13 14 15 i6 17 i8 i8 20 21 22 Total
i 3,356 2,493 5,053 S, 570 1, 105 5,125 513 654 516 1,898 91,798
2 8530 12,867 11,385 14,006 1,926 - 11,082 670 1,002 2,468 16,991 ; 285,022
ki 350 514 - 700 461 88 487 13 48 45 164 | 46,192
41 10,435 5,054 8,089 4,817 2212 1,092 11 1,288 1,862 2,403 § 183,288
S 5,449 1,523 3,985 6,045 1,257 5, 459 543 178 575 2,179 75,030
] 1,167 4,214 4,841 1,177 214 975 b 129 260 4241 97,580
7 47 1,548 2, 586 1,219 213 a 53 125 - 336 7107 51,933
8 1,840 805 - 3,242 2,180 467 2,086 142 264 245 377 | 66,953
9 622 . 1,318 - 2,765 556 12 575 40 n 335 628 | 26, 447
0 4,868 13,365 7,813 2,650 510 2,741 22 Kb 524 1,761 | 138,511
11 1,927 12,220 6,928 2,138 443 2,038 151 256 5,351 5. 7251 711,391
12 2,411 1,318 1,843 1, 749 k) Kj 1,483 113 203 490 1,681 36 444
13 8 904 1, 695 7,475 7,118 1,603 8 617 561 1,049 324 2,076 8347
14 1,475 18,681 2,328 1,211 248 1,303 83 154 689 1,223 101,589
15 7,207 7,005 11,002 6, 425 1,575 8,115 521 929 1, 256 2,881 | 165, N1
18 7,501 1,130 5,306 24,052 3911 5,413 436 1, 465 949 10 | 82,019
i7 1,238 244 1,413 3,627 2,751 1, M41 149 21 10 118§ 19,863
-18 8,919 1,513 8,558 1,100 2,418 11,742 922 2,53 350 i1 92,920
‘19 495 91 522 835 161 794 657 141 2 3 7,186
2 922 162 885 1,435 290 2,165 i3 1, 623 41 82, 12,687
21 8 1,044 476 79 1w .- 20 23 4 430 4671 13,431
22 1,151 1,295 2,358 224 KL} 112 b1} 22 894 487 | 36, 454
Total 50,181 103,808 97,445 21,935 86,200 2,414 13,383 18,137 43 862 1 881,537

85, 212

—253—




0T0Z Pue TEET UT Seury oryseq dral Ied 9-y-, ©Inbrd

© 010z ey

L

1861 18] ]

54—



A

07 w":‘-.,-ﬁa--a““ :
l 7 ; V gt 7 €

[ Bus 2010 ;

}

[ Bus 1991

. Figure 7.4-7 Bus Trip Desire Lines in 1991 and 2010

—255—



]

2010

Taui

!

PR N |
N

}

Taxi 1991

{

—256—

Figure 7.4-8 Taxi Trip Desire Lines in 1991 and 2010
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Figure 7.4-9 Truck Trip Desire Lines in 1991 and 2010



(2) Trip Length Distribution

517. According to expansion of urban area in future land use
planning, trip length increases in future., The trip length distri-
bution by mode in 1991 and 2010 is compared in Figure 7.4-10 which
shows by car, bus and truck. The average trip length by car in
2010 ig 12.4 km, in contrast to 7.4 km in 1991. On the other hand,
the bus passengers will travel shorter distance +than that by car.
The figure in 1991 is 6.1 km and increases to 10.8 km in 2010. The
average trip length by truck is the longest among all modes. In
1991 it is 13.1 km and in 2010 becomes longer, 23.0 km.

518. Approximately 85% of the total trips by car in 14891
have trip length within 10 km. In 2010 this figure is expected to
pe 26 km, an increase of roughly 16 km. As for bus, the accumula-
tive percentage in 1991 reaches to 85%, 8 km and in 2010 the
figure extends to a distance of 24 km.
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Figure 7.4-10(A) Trip Length Distribution by Car and Truck
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7.5 Traffic Demand on Present Network

519. ' Traffic assignment is made under the conditions on
whlch the OD trips in 2010 loads on the present network to dis-
close traffic demand on major corridors. The traffic demands in
1991 and 2010 are shown. in Figure 7.4-11 and 7.4-12, respectively.
In those flgures the traffic volume on each road is drawn by a
narrow band whose width is proportional to the assigned traffic
volume. Comparing to traffic volume in the both figures, the
traffic volume- capacity ratio in 2010 is more than 1.5 on almost
all the roads as represented with black line in the figures, while
at the present no roads exceed 1.5. The future traffic conditions
will be severe, if no improvement will be made for the transport
network.

—259 -



Legend

R 15 5 Yoluse Capscity Jutia
I - 1.0 5 Volowe Copacily Batho < 0 5
{ 1 ¥oluowe Capacity futlo < 10

( net: 1991 od:1991 ]}

Figure 7.4-11 Traffic Demand in 1991 on the Present Network

—260-~




Legeod

Yolume Capacily Katio < 1.0

PETI : L5 5 Voluse fapcliy Ratio
GFHII 1.0 S Yol fapacity Rallo < 1.3
[ 1

1

[ net:1991 od:2010 )

Figure 7.4-12 Traffic Demand in 2010 on the Present Network

—261—







CHAPTER 8 URBAN TRANSPORT PLANNING POLICIES
B.1 General

520. Urban transportation network i1s to be formulated in
order to serve efficilently the transport and traffic demands at
present as well as in future. It shall be constructed taking into
consideration the geoclogical, topographical, historical, environ-
mental and also socioceconomic conditions of the Area.

521. Cartagena has such characteristics as port, industrial
and tourism city. To support the activities of these city func-
tiong in future, the improvement of transport infrastructure is
the basic requirement. In addition to these requirement, the
improvement of commuting system for the residents in the Study
Area is also very important.

522, bue to the historical development of Cartagena, the
central business district (CBD) locates at the western edge of the
Study Area and the existing urban area stretches in the directions
of north, east and south from CBD. The concentration of traffic
and public transporxt into CBD in Cartagena is the same as in other
cities in the world.

523. Road network system can not easily follow the urban
area expansion resulting from the recent rapid population growth
in these decades. The primary road network is not established and
also the secondary class roads for the motor wvehicles are very
poor condition in the residential areas.

524. Public transportation is owed mainly to bus transporta-
tion, which shares some 80 % of the total person trip in the Area.
Due to the low car ownership (26 cars per thousand inhabitants in
1991), traffic volume on major arterial roads is at acceptable
level. Comfortable public transportation system is expected to
promote social equity as well as to maintain a lower car owner-

ship.

525, Car ownership in the Study Area increased at a rate of
13 % per annum for last decade in the Study Area. However, the
ratio of car-owned households is only 10 % in 1991 and still at
lower lewvel compared with Barranguilla (16 % in 1982). This rate
is forecasted to be still at high level in near future, however,
it will become to be moderate because of the household income
distribution of lower level mass and very high car prices. Taking
into consideration the population growth of 1.8 times and car
owned households ratio increase of 2 times by 2010, more than 4
times as many private cars will make trips in the Study Area.
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526, This traffic and transport situation will be relieved
by the traffic and transport system improvements. However, the
bagic cause for the traffic/transport concentration into the CBD
will be solved by the improvement of the current land use. The
changes of land use pattern will save some parts of investments
regquired for the traffic/transport improvements,

527. The growing population of the Study Area introduces the
expansion of the urbanized area and heavier loads on current
traffic/transport network., Poor traffic/transport network system
will bring the spatial segregation by income level {farther resi-
dence zones from CBD for lower income people).

528. The development of the Mamonal industrial area and
future port area require the effective freight transport corridors
connecting with the outsides of the Study Area as well as the
convenient commuting system of the people in the Area.

529, Furthermore, the tourism promotion requires the im-
provement of the transport system in the Central area, where the
major tourism sgpots now concentrate, and also the establishment of
the transport system in the northern area of the Study Area where
future tourism development is expected.

530. In order to accept the future peopulation increase and
to support industrial growth in the Area, the spatial development
in the northern and southern parts of the Study Area is to be
avoided. Several functions or the parts of which are now concen-
trated in current CBD will be moved.

531. The future land use is effective when supported by the
necessary and sufficient social infrastructures. Spatial expansion
in the following decades will be quite larger than current urban
area because almost all good land for the development in existing
urbanized area is already occupied and the topography being
surrounded by water surfaces. Therefore, the establishment of the
transportation network system will be primary component for the
new developed territories.

532. In the Study Area, only land transport is available.
From view points of the usage of the available resources and the
savings of the investment for the land transport, introduction of
the other transport mode such as water transport is to be consid-
ered taking into consideration the topographic condition of the
Area.

533. The following are the basic objectives for planning the

urban transport network in Cartagena taking into consideration the
existing and future sociceconomic and traffic/trangport situation:;



a. to satisfy the social equity in transportation,

b. to support the regional development of industries and housing,
and ' ' :

c. to create and maintain a high quality of urban environment.

534. These objectives are trahslated into following targets;

a. satisfactlon of transport needs at present and in future
b. effective use of existing facilities,
~c. compatibility with future urban structure and land, use plan,
d. equal access to transport services for the residents,
e. improvement of traffic safety,
f. saving of social transport cost, and
g. minimization of adverse effects on the environment,

8.2 Road Network Systenm
§.2.1 Condept of Road Network System

535. In order to integrate. the Study Area in future, the
trunk and arterial road network shown in Figure 8.2-1 will be
required. This is the global concept of the road network in future
not limited until 2010. Its construction stage will be examined in
‘the following Chapter. These are;

Trunk roads; -Av. Pedro Heredia and

' -National Roads to Medellin and Barranquilla
-Bayunca Rd. and its extension to north from Crespo
to Cienaga de la Peifia,

~Trans-Baru Island Rd. from Pasacaballo to Baru,
-Cartagena Bay Rd. from Castillogrande to Bosque
through Tierra Bomba, Pasacaballo and Mamonal,
-Outer Ring RA. from Tierra Bomba to Boguilla,
-Coastal Rd. from Bocagrande to Crespo,

-Inner Ring Rd. around Manga, Bocagrande and Bosque
-Diagonal 22 and Carretera Troncal.

Arterials

AT

536. Geometrical standard for these roads shall be decided
based on the volume of traffic demand as well as minimum require-
ment of the function.

537. . For the urban area, the arterial and collector road
network shown in. Figure 8§.2-2 wlll be necessary to be improved to
satisfy the growing transport demand of the area. In addition to
this, the local road network available for motor vehicles shall be
established especially in the residential area.
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8.3 Public Transportation System

538. The modal share between public and private transporta-
tion is forecasted not to dramatically change in the Study Area
bacause of the slow income structure change and high car price
level compared with average income level. At present more than 80
% of the person trips depend on public transpert, mainly on public
bus transport. It is forecasted to be about 70-75 % in 2010. To
provide people the comfortable public transport means is a basic
public service which the Municipality has to arrange. It will also
be useful to lessen the increase of the private car ownership.

539. Considering the population size and financial difficul-
ties for introducing the railway system (metro/light rail transit
system), improvement and expansion of the current public bus
transport system is considered to be the most realistic solution
in the 8tudy Area. The water transport is considered as supplemen-
tal system to bus transport for the specific areas along the
canals, bays and lakes. However, the existence of this different
mode transport system is to reduce the demand for the public bus
transport and therefore to lessen the load to invest the road
network in future. This system seems to be also attractive for the
tourists when the routes' areas are developed as tourist zone.

540. In regard to public transportation, the following
aspects of the services shall be examined;

a. network density,

b. number of operation,

¢. punctuality,

d. safety,

e. convenience/comfort, and
f. economy

541. Considering the above view points and existing issues
on public bus service, the following basic polices for the im-
provement ©of public bus transportation are used;
1) in short term
a. public bus facilities improvement
- construction of bus stop and bus terminal
In the designated road sections, stops outside bus-stop are
restricted. And parking is allowed at bus terminals or
parking spaces only. Especially in the Central area, bus

terminal is -reguired for passenger service i1mprovement as
well as traffic flow improvement.
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b. public bus oparatidn improvement
- renewal of old bus vehicle

Through the vehicle 1icensing by DATT, accelefate the fenew~
al of old bus vehicle {for examp]e 20 years for bus and 15
.years for buseta) : : L

- designatlon of public bus arterial routes

By designation of bus arterial routes prapare and introduce
public bus priority and/or exclusive lanes.

2) in medium/long term
a. bus operation sYstem-imprbvement
- introduction of trunk-feeder systém:

Oﬁspublic bus arterial routes, introduce trunk bus operafion
system. Feeder bus system is arranged to serve for the local
areas to be connected with terminals on trunk bus route.

- constrUction of public'bus trunk/feeder terminal

On both ends of the trunk routes and major nodes on the
routes, public bus passenger terminals are constructed for
the transfer of the passenger from/to feeder bus routes.

542. In regard to the water transport, operation possibility
on several routes are examined from socioeconomic as well as
financial view points. In order to confirm the inter-relationship
with bus network, several transfer points are prepared for the
passenger convenience.

8.4 Traffic Management

543, Traffic management includes many aspects of activities
such as planning, design, enforcement, education; etc. for the
traffic regulation, traffic sign and signal, parking, traffic flow
movement, traffic safety and so on. These aspects have ° comprehan—_
sive relatlonshlp to each other for an accomplishment of the
smooth traffic flow which is the final object of the traffic
management. However, in this Masterplan, physical matters of these
aspects are mainly taken into consideration due to the difficulty
and complication of-other factors to be included in the Plan.

544, The basic 901101es for traffic management system im-
provement are;
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a. simplification of the system,
b. rationalization of the system, and
¢. clarvification of the system.

545, Taking'into consideration the improvement progress of
the road network and public bus transportation, the following
objectives are examined from above view points;

a. classification of road network by function,

b. reassignment of one-way system, '

c. ‘assignment of public traffic arteries,

d. reevaluation of parking and stop regulation,

e. intersection improvement 1nclud1ng signal installation, and
f. signal coordination.

8.5_ Environmental Consideration

546, In planning the road network system as well as water
transport system, it is foreseen for the construction of those
systems to. give some environmental impacts to the areas developed.
Especially in the Study Area, water side development shall be
carefully examined from view point of natural resources protec-
tion.: Inland area of the Study Area is already urbanized or de-
veloped for agriculture and seems not to have any specific pre-
cious natural resources.

547. Based on the recommendation on environment assessment
by Organization of Economic Cooperatioh and Development (OECD) in
1985, it is requested to carry out the environment assessment at
early stage of project or program in case of the possibility to
give a severe influence on environment of the place developed.

548, In the Study Area, mangrove forest in Baru Island and
historical monuments in Central area are the major questions to be
considered for the Master Plan. It is requested in the Development
Master Plan of the Munlclpallty to pay serious attentions for
protection of these resources.

549, ' There are several limitations to carry out the detailed
environmental assessment for the planned projects in this Study.
However, it is possible €0 point cut the areas and necessities for
the environmental assessment for the project implementation.

550. : The following items which seem to have potentlal envi-
ronmental lmpacts on the planned projects shall be checked;

a. klnd and degree of impact,:

b. avoidable or not by alternative plan and'
c. necessity for detailed environmental study.

—273—






CHAPTER 9 ROAD NETHORK PLAN
9.1 General

551. By the year 2010 the population in the Study Area will
have grown to about 1.2 million (1.8 times of the present) and
the number of trips generated in this area will be expected to be
approximately 2.64 million trips (2.1 times). As a result, due to
the increasing traffic volume, the future urban activities will
be getting worse if no improvement for road transportation facil-
ities will be made., Therefore, 1t is indispensable to make a
future road masterplan as mitigation measures for these problems.
In this Study, the road masterplan was prepared for the target
vear of 2010.

552, First of all, in the planning procedures, a long term
plan was prepared to achieve the ideal road network to meet
future land use plans, regardless as to whether road implementa-~
tion is completed or not by the target year. The long term plan
was made by reviewing the existing road network plan: "Plan De
Desarrcllo De Cartagena in 1987-2010" made in 1987 by the munici-~
pality of Cartagena, and by including the committed projects by
EDURBE and Departamento Administrativo de Valorizacion Distrital.

553. In the second step, the road masterplan for the target
year of 2010 was prepared incorporating those projects in the
long term plan according to the results of the traffic assignment
and economic evaluation. In order to select the most effective
plan as "the road masterplan”, five (5) alternatives of the road
masterplan in 2010 were also made from the long term plan. From
those alternatives, the road masterplan in 2010 was selected
taking into consideration of traffic and economic aspects.

554. Finally, implementation schedule was made in order of
higher priority projects in the road masterplan under the econom-
ic viability. The high priority projects were taken based on
traffic aspect, network configuration, urban development and cost
performances from economic stand point.
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(1) Traffic Demand in Future

555, In 1991 the desire lines show that traffic movement in
the Study Area 1s primarily by cars concentrating to Centro from
its neighbor zones and by bus to Centro from every residential
area. The traffic movement iz found to concentrate into the
corridor through the narrow belt near Mercado (Public Market)
from the whole urban area, .consisting of Av. Pedro de Heredia
and some roads in Manga. Approximately 40% of the total trips in
the passenger unit pass through the Screen Line located near
Mercado. On the other hand, traffic volume in the Study Area
exclusive of that corridor from Boca Grande to Mercado (Public
Market) is consgiderably less.

556. Table 9.1-1 shows traffic volume and the volume-~capaci-
ty ratio on the imaginary sections (refer to Figure 3.3-10),
which ¢ompare the present conditions with the Do-Nothing case of
2010 year's OD trips assigned on the present network. At the
present, there are no saturated sections on the roads in the
Study Area, exclusive of the section No.7: Boundary of the urban
area, in terms of the traffic volume-capacity ratio. These
situations will continue for only a few years if no improvement
of roads will be done.

557. As foxr the future traffic demand, the heavy car trip
movement will extend from Centro and its neighbor area to future
developed area in sub-urban area and also, the strong desire line
by bus will widely extend to all the Study Area. As seen Table
9.1-1 and Figure 9.1-1, the future growth ratio of traffic volume
during two decades from 1991 is expected to be 2-3 times in each
direction. Especially in northern and southern directions the
figures rise by about 10-20 times due to the fact that the
present volume is so low. Therefora, the volume-capacity ratia in
2010 exceeds 1.5 in every direction under the present road net-
work system.

Table 9.1-1 Traffic Volume and The Volume-Capacity Ratio
in 1991 and 2010

Traffic Yolume
{PCU} : Ratio | Volume/Capacity

No Saectlon .
1891 2010 @ 2010/1991 1991 2010
i Bocagrande(l) 44,542 120,894 2.71 G.561 1.66
2 Bocagrande(2} 48,368 120,894 | 2.50 0.81 2.01
3 Centro 122,782 327,938 ¢ 2.67 o.77 2.00
4 Screen Line 90,696 394,971 : 3.36 Q.95 3.31
5 1ndustrial Arca 39,0558 134,272 3.39 0.532 1.7%
6 Central/South Orfental T2,774 216,001 : 2.97 0.60 1.78
7 Boundary of Urban Area 34,832 119,375 : 3.43 1.09 3.73
8 MHamonal Industrial Area i6,007 151,710 9.48 1.00 9.48
9 MNorth (Bayunca) 6,365 124,349 ! 18.94 0.22 4.32
10 South-Bast {Turbaco} 9,980 37,891 ! 3.79 0.62 2.37
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Figure 9.1-1 Traffic Volume on The Imaginary Sections
in 1991 and 2010

{2) Road Network Conditions

558. As before-mentioned, at the present the demand and
supply are balanced which means that traffic volume and transport
facilities are well balanced under the present road network
system. The volume-capacity ratio on the busiest traffic corridor
in directions of east and west near Mercado (Public Market) will
gsoon exceed 1.0. In future this belt will become the bottleneck
of traffic if no action will be taken.

559, Taking into consideration the future traffic demand,
the arterial roads must be constructed to increase the road
capacity in the urban area. In sub-urban area, new road construc-
tion must be planned to meet the future development schemes to
handle the generated traffic,

560, As for the collector roads, the road conditions such as
alignment, width and pavement are not enough to serve vehicles
and public buses. There are many collector roads which are not
linked with arterial or other collector reoads. It is difficult to
steer vehicles and conduct public bus operation on those roads.
In future, the improvement of those collector roads to connect
residences with the arterial or other collector rcoads is neces-
sary because of the anticipated increase in car trips by 3.6
times. It is also necessary to improve the collector roads for
public bus operation on those roads.
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9.2 Road Network Planning

9.2.1 Road Function Highlight

561. The roads in a road network have theilr own functional
features, no matter whether explicit or implicit. According to
AASHTO, urban roads are divided into four {(4) types of road
functional clasgification, namely 1) Principal arterial street,
2) Minor arterial street, 3) Collector street, and 4) Local
street.

562. The arterial roads are required mainly for maintaining
mobility function and generally have high road design standards.
Local roads are required mainly for malntaining land access and
therefore they have low road design standards. The arterial road
is to serve mainly for long distance trips, high capacity and
high travel speed. Local road is mainly for short distance trips,
small capacity and low design speed.

563. Road network system is not only to contribute for
development of urban activities, but also to form the basic urban
structures,

564. In this Study, the road function was classified into 3
categories; Arterial Reoad, Collector Read and Logal Road. The
Collector Road is also divided into 2 categories (Major and
Minor). The minor collector roads provide service to travel over
relatively short distances as compared to Major Collector Roads.
The Local Roads are not studied in the Road Masterplan Study. As
for the suburban area, subregional road is categorized as a rural
arterial road and is expected to provide relatively high travel
speed.

565, In Cartagena, the planning and designing roads can be
clagssified jurisdictionally into the 10 classifications under
City Act No. 420 dated on January 2, 1990, taking into account
the road function (refer to Table 3.2-4). Therefore, the road
network planning criteria, design standards and the typical
cross section elements are in accordance with the road classi-
fication by the City Act consildering the road function defined
above.

9.2.2 Future Road Network Configuration

{1) Long Term Plan

566. In this Study, long term road network plan was made
hased on the following plamming goals for solving the transport
issues mentioned before;
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- To seek economic aspects,

~ To utilize existing facilities,
" = To keep good environment, and

- To secure traffic safety.

567. : The long_tefm-plan means the ideal network system in
the Study Area not related to whether the projects are completed
or not by the target year.

- 568. . In order to embody the planning goals, the following
items are taken into account as planning concepts in this Study;

1) Structu:e of road network,
2) Road function,

3) Demand-supply balance, and
4) Future land use. '

569, - A future development trend is dependent on the road
network structure. The transportation frame is dominated ‘by the
arterial roads. The demand- supply balance is important in traffic
movement. In this’ Study, the proposed volume-capacity ratio as a
criteria is set at less than 1.0 on each imaginary section. The
~long term plan was made taking. the above into consideration.

570. o In Caxtagena there -are many ehisting road plans which
‘have been already studled or are riow under study or in the design
stage by concerned agencies such as EDURBE and Departamento
Administrativo de Valorizacion Distrital etc. Among them, "Plan
De Desarrollo De Cartagena in the target vear of 1987-2010" made
in 1987 by the municipality of Cartagena is major existing road
plan. Some of those roads are now under construction. The road
masterplan should be well coordinated with those projects. The
long term plan in the Study was made by reviewing and coordinat-
ing with existing road plans. Figure 9.2-1 shows the long term
plan.

“B71.. " Table 9.2-1 shows the summary of long term projects.
The total project length is approximately 264 km in the Study
Area, of which 157 km involve for new road construction, 90 km
are for road improvement and 17 km are for bridge construction.
- As for new road construction, 90% of the total construction are
for arterial/collector roads and the balance is for the minor
collector roads. The ratio of length of the arterial/collector
- roads to the total road improvement is 73%. Almost all the road
projects involve arterial roads in order to strengthen the net-
‘work structure
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Table 9.2-1 Summary of Long Term Projects

Length : :
Items {km} 2 Lanes : 4 Lanes : 6 _lanes
New Construction Roads
- Arterial/Collector Roads 140.38 35.24 97.72 : 7.42
~ Miner Cellector Roads 16.76 13.65 : 3.11 ¢ 0.00
Sub-Total 157.14 48.89 ©  100.83 @ T.42
Road Improvement :
- Arterial/Collector Roads 67.72 0.00 : 48,21 : 19.51
~ Minor Collector Reoads 22.26 16.78 5.48 : 0.00
Sub-Total #89.98 16.78 ¢ 53.69 : 19.51
Bridge Construction 16.80 0.84 15.96 0.00
Total Length 263.92 66.51 i 170.48 . 26.93
572. Figure 9.2-2 shows the road function in the network

system. As seen, the following roads in the urban area are newly
deflned as arterial roads together with Pedro de Heredia. The
first group forms a ring road along the Bay of Cartagena. This
ring road together with Av., Jacobo del Valle strengthens the
supply of capacity on the busiest traffic corridor in direction
of east and west. The second group represents the links to the
Mamonal Industrial Area where the large scale development is
planned. The last group connects to the large scale development
area in the northern part of the Study Area.

- Av, Miramar/ Navy Base Road/ Calle 6/ Diagonal 20

/ Manzanillo Bridge

Transversal 54/ Diagonal 30

Anillo Vial Road/ Carretera del Mar Road (Bocacanoa-
Palmarito)}

573. The collector roads consist of the following:

Cienaga de la Virgen Road/Carrera 17, and
Av. Jacobo del Valle.

I

Those roads also handle traffic into Centro. Especially, Av.
Jacobo del Valle strengthens the traffic movement on the heavy
traffic corridor together with Av. Miramar and Pedro de Heredia.

574. The total road length of all types of roads in the
Study Area in the long term plan is approximately 340 km, of
which 115 km are for arterial and collector roads and the balance
is for minor collector and rural roads. The future road length
for all types represents 1.6 times the current system (refer to
Table 9.2-2).
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Table 9.2-2 Road Length by Integrated Zones

{ies Arterial/lol [ectors Vi) : ATT Toad Tka) Tarter-tolNect ACavs (ke TO00cs) | AT Toad/Cars (a/I000Cars)
nt. Zone -

1891 Net {2010 Net | Long Ters l 199 Nét 2010 Ne't Long Ters | 1991 Net ; 2010 Net rong Ters [ 1991 Net | 2010 Net | Long Term

4.08 1.9 1194 1218 18.05 18.05 L1l 1132 pE kil 5 3.302 L 710 L1710
10, 41 12. 68 12.69: 163 17. 84 17,84 3238 1. 295 1.285: 5.081 1. 820 1.820
28 - 667 6571 1.48 .1 1.3 1.053 6. 578 6.578 :  B.766 1.239 .28
6. 36 11.04 1697 116 . 14.96 14. 13 4.321 1182 1.938:  7.880 2.422 2.284

WD OO =) O L Bl Cad TN
on
an

. 59 8.88 gas: 8173 .07 12,00  2.4%2 0,730 0.70:  3.892 0. 993 0. 988

519 w3 T3l 6.9% 9.41 9.4i | 22,753 9.2 8.312 : 30.482 11987 11,987

.96 - 6.6 6.95: 485 - 8. u 9.62| 26,053 1.258 7.654 0 30.5%2 9,295 10. 595

4,47 5.37 %52 5. 15 C6.05 - .18 | 30.616 4,301 4513 35.342 4. 935 5. 871

i.84 1,84 Lad: . 22 21 A} 251 L8 LOG6L: - 3.073 1. 563 1,563

10 G 1.03 1.63: 604 818 8.7 - 0.000 0,540 0.540: 8948 4.612 4. 612
Il 4,34 6.035 - 6.06:: 1.55 8.95 9951 - 9.5M4 5. 302 S 18T B 720 8.720
12 3.66 8.01 .77 6.82 - 4.8 9.8{ .3.702° " 3611 5.307:  6.861 4. 418 4.418
13 5.8 9.82 9.82; 8.02 1288 .18 7.523 3,148 3148 10,956 4,450 5. 707
14 2.1 213 2.13: 8.95 10.02 - 10,69 2457 1109 1109 B.058 4,070 4,342
1§ 6. 55 9.3} 9.33: 151 A1 0 By 9.652 2,948 2,948 ¢ 22.812 1.2%9 8.022
16 0 0 h: 26,38 5. 49 50. 43 0.400 0,000 0.000 :  02.000 1,924 1.9
17 0 (] i 2.7 32.61 32.61 0. 600 0. 000 0.080 : 1546. 250  47.388 42,398
18 0 0 9 6.42 . 21.98 25.52 0.600 0,000 0.000 : 401250  18.602  ..20.901
19 0 § . 0 U k) 15.9 0. 000 0.000 0.000: 6.006  20.607 45, 954
20 0_ 1] 25.63 25,63 35.76 0. 000 0. 600 0.000 : - 0.006 55. 356 11.235

Total §2.92  109.31 114.51 207. 55 310. 26 340. 9 4011 1.520 1.697 12. 256 4,598 5.054

575. _ The planned road length by the integrated zones is
shown in Figure 9.2-3 in which the future road lengths for the
long term plan and 2010 Masterplan are compared with +those at
the present. The road lengths are classified into "All Roads"
(including " minor . collector and - sub-urban road) and
"Arterial/Collector Roads". As for arterial and collector roads,
the zones with the high increase ratio of road length are Int.
zone Nos.1, 5, 12 and 13 which surround the bay of Cartagena.
Int. zone Nos.3, 6 and 7 to surround Cienaga de Tesca (swamp)
also show an increase in planned length. Those figures fluctuate
in range of 1.5 and 3.0. The Int. zone Nos.l6 and 18 inside the
sub~urban area have higher planned road lengths of sub-urban
roads (see All Type Roads in Figure 9.2-2).

576. Road length of all classifications per number of cars
in the Study Area falls from approximately 12.2km/1000cars at the
present to 5.1km/1000cars in future. Those figures of future
arterial and collector roads are also low at 1.7km/1000cars, in
contrast to 4.0km/1000cars at the present (refer to Table 9.2-2).

577. " Figure 9.2-4 shows the road length per 1000cars by the
- integrated zones. As seen, those lengths in Int. zone Nos.5, 6, 7
and 8 are somewhat less due to the fact that the planned road
length is relatively short compared to the future growth ratic of
.cars, :
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578, The demand-supply balance on the imaginary sections in
this long term plan is shown in Table 9.2-3 which is compared to
"Do~ Nothing case". The demand and supply are well balanced in
every direction (refer to Figure 3.3-10) under the long term
plan. :

" Table 9.2-3 Traffic.V01ume;ahd volumewCapacity in Long Term Plan

[raffic Volums - Volume-Capacity
No Section . :
Do-Nothing Full Net | De-Nothing Full Net
1 Bocagrandeil) 120,894 109,442 "1.66 0.65
2 Bocagrande{2) 120,804 109,442 2.01 0.91
3 Centro, ’ 327,938 235,673 2.03 0.82
4 Screen Lins ﬁ 304,971 248,535 3.31 0.89
% Industrisl Area : . 184,272 87,843 1.75 0.87
6 Central/South QOriental 216,001 137,068 1.78 .65
7  Boundary of Urban Area 119,375 72,036 3.73 0.66
8 Mamonal Induatrial Area 151,710 T3,404 Q.48 1.02
84 North (Bayunca) 124,349 125,222 | 4,32 1.04°
10 Bouth-East {Turbaco) 37,891 144,526 2.37 0.86
579. Figure 9.2-5 shows the ratio of road 1ength by level of

the volume-capacity ratio according to four road/traffic condi.-
- tions: a) 1991 road/traffic conditions, b) Do-nothing case (1991
network/2010 traffic conditions),'c) the long term network/2010
traffic conditions and d) 2010 Masterplan network/2010 traffic
conditions. The volume- -capacity ratio is classified into 3 lev-
els: less than 1.0, less than 1.5 and 1.5 or over. At the present
98% of the total length are less than 1.0 in the v/c ratio. In
Do-nothing case the figure falls to 27%, while road sections with
the v/c ratio 1.5 or over sharply rise at 57%. In the long term
plan, those levels will be close to the present conditions,
though traffic conditions in terms of v/c ratio are somewhat poor
compared to those at the present. ‘

Ratfo of Rood Length by Ronk of
voluma—Capacity / Ai) Road
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580, .. - Traffic conditions in terms of. the average volume-
- capacity ratio and the average travel.speed by three cases; 1991
road/traffic conditions, Do-nothing case, the: long term
network/2010 traffic conditions,  .are shown .in Table 9.2-4. The
average v/c ratio in the long term plan is maintained with less
‘than 1.0, in contrast to 2.3 for Do-nothing case. The average
travel speed.in the 1ong term plan is found to retain the present
Jevel with about 40 ‘km/hr, Those discussions indicate that the
long term network plan is close to the plannlng goal/crlteria
which sets the v/c ratio at 1ess than 1. 0 :

Table 9.2-4 Traffic Conditions by Road Network Cases

. I 7} N E i Tocrease Ratlo ~
Iteas - 1991 Do-Nothing| Long Tera [ 2)/1} n/mn
N in_2010 in 2010 o s :

Average Volume- .
Capacity Ratio - | - : - i

t) Study Ares . g. 32 2.25° 0. 60 . .1.08 1. 89
2) Urban Area 0. 46 ~2.24 0.51 | - 489 1.

Average Travel :
Speed - -

1; Study Area 41.5
2) Urban Ares 39.4

P
bt e
(k-]

Co4L8r 0. 29 1.0
37.6 0,29 0.9

oo

(2) Road Projects

581. - The type of road projects in the Long Term Plan is
classified into 3 types: New Road Constructlon Bxidge Construc-'
tion and Road Improvement by road function. S

582, Table 9.2-5 shows the outline of: road projects in the
new road construction. The_total_lengths ‘of the arterial and
ceollector roads are approximately 140 km (exrclusive of bridge
length). Of these, 130 km, equivalent to 93% to the total, are
outside the urban area. Those roads are planned as 4 lane roads.
Those road projects need bridge construction due to the - geograph-
ical constraints of islands included in the Study Area: Tierra
Bomba and Baru islands, as shown in Table 9.2-6. The total length
of bridges over these islands are approximately 12 km including
approach roads.

583. Almost all of the road projects are planned outside the
urban area as shown in Tables 9.2-5 and 9.2-6 due to the large
scale development of residentlal area to be located on the north-
ern part of the Study Area and to the large scale industrial area
which is planned on Mamonal Industrial Area, as well as due to
the fact that roads are few in the sub-urban area at the presernt.

584, In the urban area, the fdlloﬁing projects are mainly
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planned fo'strengthen.the heaviest traffic corridor in direction
of east and west;

- Av. Miramar,

- Navy Base Road,
Manzanillo Bridge, and
- Las Animas Bridge.

585. Through the bridge construction, it is hoped that
traffic movement to Centro will divert from Pedro de Heredia to
Manga or Boca Grande by using both bridges and as a result,
traffic load on Pedro de Heredia will be alleviated.

586. . The road improvement projects are shown in Table 9.2-7.
The total lengths of arterial and collector roads are approxi-
mately 70 km. The percentage of road improvement length in the
_urban area is about 60%. The share of urban area is higher than
that in the sub-urban area. Widening the number of lanes is
.mainly implemented under road improvement. Among the major
projects are the widening from 2 lanes to 4 lanes on Calle 30
near Pie de la Popa and Media Luna (I- -9 and I- 10), w1den1ng from
2 to 4 lanes on Av. Jacobo del valle (I-6), and widening from 2
to 6 lanes on Diagonal 30 (I~ 14), etc. The main purpose of those
projects is to strengthen. the road capacity on the Pedro de
Heredia's  corridor. by the widening of Calle 30 and Av. Jacobo
del Valle. The corridor to the Mamonal Industrial Area will also
be strengthened by improving Diagonal 30 where the widening
alleviates the estimated future traffic congestion in the Mamonal
Industrial Area, and by construction of the new road: Ceballos
Road (C-11). ' '

Table 9.2-5 Road Projects for New Road Construction

New Constructfon/ Artarial and Coilector Reads

Pr.No Namo Langth(hkm) Renarks
- Anillo Yial Road {Aeropusrto-Bocacanos) 22.232 | 4/6 lanes/under caonsatr.
- " Carretera del Mar Road {Bocacanoa-Pslmarlto} 23,78 | 4 lanes
- “ Anille viak-Bocachlca-Cacrratera del Mar Road 28.90 | 4 ‘lanes
- Trans-Baru Road 25.10 | 2/4 laneos
- Baru-Tierca Bonba Road 5.85 } 4 lanes

Nag-Acarcs Road | lanes

8 4
Navy Base Road . 1 4 lanes
Juan Angola Road - . 2. 4 lanes
Cienaga ‘de la Virgen Road 5.92 | 4 kanes
2 4
9 2
3 2

Avenida Miramar Road (Pastellollo-Bazurto) Lanes
Canteras Road (Puertc Hombero-Turbaco} lanas
Canino a Tuchans Road laneg

i

nﬂnnnnrpﬂn_nnn
= 100D ) O LA de LD R

AR AN

Sub-Total = . 140.38

¥ew Construction/ Minor Collector Roads .

Pc.lo. A Nemo ' Lengthlim) | Remorks

lanes
lanes
lancs
Lanes
lanes
lanas
laneg
lanos

c-11 Ceballos Road 2
€-14 Boston Road (Carrara 44) - o
£-13 . Carrera 31 {Rafael Nunez) . 4
¢-16 : Carrera 59 {(0laya Herrara} T 0.89
¢-17  Ternera-Ladrillers Road 2
C-18 Campestre-Anille Vial Road 4
¢-12¢  5th Av, Manga. 2
C-20  Chanbacu Road 3.5

»n
3
1B B BRI B R B e

Sub-Total ' . 16.76
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Table 9.2-6 Road Projects for Bridge Construction

Pr.No, Home Longth{lm} | Remarks
Br-1  San Leconzo Bridge 0,20 { 2 lsnes including approach
Br-Z  Bagurto 2 Bridgs 9,32 | 2 lanes including approach
Br-3 Manzanlllo Bridge 2.70 | 4 lanos including approach '
Br-4  Pasacaballo Bridge 1,05 | 4 lanes Inoluding appreoach in Project Ne. C-4
Br-5 Escollera fridgs 2.56 | 4 lanes lncluding approach in Projsct Ne. C-3
Br-8 Bocachlca Bridgs 3.08 | 4 lanes [ncluding approach in Project Ne. C-%
Br~7 Captagena Bay #Sridge 5.17 | 4 lanes inciuding appreach in Preject No. C-3
Br-8 fas Anlmas Bridge 0.80 | 4 lanes {ncluding approach
Br-9 Las Palmas Brldge 0.21 | 4 lanes including approach In Project No. I-15
Br-10 Marbslla Bridge 0.32 | 2 lanea inciuding appreoach
Br-11 Canapocte Bridge 0.10 | 4 ianes including approach
Br-12 Crespo Bridgs 0.10 | 4 lanes Including approach
Br=13 Heredia Bridge 0.38 | 4 lanes inciuding approach
Total 18.80
587. The road improvement projects on the minor collector

road are also shown in Table 9.2-7. The improvement length is
approximately 23 km. Those projects are inside the urban area.
The pavement on the road surface and widening to 2 lanes are
planned to be able to improve the driving conditions for cars and
public buses on those roads.

Table 9.2-7 Road Improvement Proiects

[mprovemsnt / Actarial and Collector Roads

Pr.No Nane Longthiks) Remarks
I~1 Bayunca-P.Cancas Road 8.11 | Fron 2 Lo 4 lanes
1-2 Ladri{llera-Bayunca Road 18.26 | From 2 to 4 lanas
1-3 Carrora } {Bocsirande) 2.64 | Fron 2 to 4 lanea and 4 to 6 lanes
I-4 Calle & {C/Grand} 2.13 { From 2 to 4 lanas
I-5 carrers 30 {San Francisco-Gulnta} 2.05 | From 2 to 4 lanes
1-6 Avenlida Jacobo del Valla 2.88 { from 2 to 4 lanea
1-7 vlagonal 20/ Bosque 1.80 | From 2 to 4 jAanes
1-8 Transversal 54/ Bosque 2.29 | From 2 to 4 lanss and 4 to 68 lanes
1-9 Calle 30 (Media Luna) .46 { ¥rom 2 to 4 lanes
I-10 <Calle 30 (Piede la Fopa) .59 | From 2 to 4 lanes
I-11 Av. Padro de Heredla 4,26 | Fron 4 to & lanes
I-12 Applicacion Troncal Sta.Lucla-Temsra 3.66 |From 2 to 4 lanes
I-13 Tranaversal 454 {Amparo-Ladrililera) 1.90 | From 2 to 4 lanes
I-14 lagonal 30 {Ceballo-Mswonal) 13.42 { From 2 to 6 lanes
1-15% Carrera 17 3.27 | Froa 2 to 4 lanes
From 2 to 4 lanes
Sub-Total 67.72
Inprovesent/ Minor Collisctor Roads
Pr.No. Name Length{ka) Remarks
I-16 Avenida Pedro Romero 4.21 | Fron 2 to 4 lanes
I-17 Av. El Consulado/Pliedra de Bollvaz-Hospital 3.85 | 2 lanes, pavensnt
1-18 Calle do Matadero 0.65% | From 2 to 4 lanos
I-19 ‘Transveraal 45 (Juan 23) 1.25 | 2 lenes, pavement
I-20 Carrera 46 (Ceballo-Rspana) 2.32 | 2 lanes, pavenent
1-21 Carrars 51 (Nucvo Bosgque-Costa [inda) 2.13 ) 2 lanes, paveaent
1-22 Calle 41 (Av.Santander-Indla Catallina) 0.82 [ From 2 to 4 lanes
1-23 Antigua via Ternesra 2.16 | 2 lanes, pavement
1-24 Carrera 71 (El Socorro-Bifft) 1.69 | 2 lanen, pavenant
1-2% Calle 15 {Sants Clara-San Fernando) 3.38 | 2 lgnes, paveaent
Sub-Total 22.26
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9.3 Cost Estimate

588. Project cost was estimated by each road project listed
above. The project cost consists of the following items.

{1) Direct construction cost
- Labor cost
- Material cost
~ Eguipment cost
(2) Indirect cost
- Aduninistration cost
- Engineering service cost
- Contingencies
(3) Land acguisition and Compensation costs

589. The cost data for road projects were obtained from
EDURBE and related agencies of the Colombian government and were
used to estimate the project cost. As for bridge construction
cost, the data collected from the related agencies was used. The
data was arranged in form of unit cost by main working items. The
project cost was estimated by multiplying road construction
quantities by the unit cost of main working items. The estimated
price is in Pesos (Ps$) as of March 1992.

9.3.1 Road Construction Cost

{1) Direct Construction Cost

590. The unit cost of road construction cost by main working
item= is shown in Table 9.3-1 which is in Pesos (Ps$) as of March
1992, obtained from EDURBE. This unit cost includes labor cost,
eguipment cost, material cost and taxes.

Table 9.3-1 Construction Work Unit Cost

List of Road Construction Cost on March 4, 1992
From EDURBE

Ho. Discription Unit Unit Price Remarhs
{$ Pesos)
1 Bxcavation of Soil
- Pry Soil/Barth n3 4,106
- Wet Soil/Earth m3 3,123
2 Banking Works (Fil}l with Fine Materiais)} m3 7.556
3 Fill with Coarse Materials) m3 5,804
{near se& shore)
4 Concrete Pavement (h=0.25m) m2 20,311 { H=7,0 cn
5 Granular Sub-Base n3 7,556 | H=40-60 cm
6 Granular Base m3 11,365 | H=20 cm
7 Concrete Asphalt m3 59,699
8§ Dralnage Works m 5,439
9 Traffic Sign Unit 10,000
10 Paint B 700
11 Shore Protection .S 100,000
12 Overlay . m2 15,500
13 Lighting
-~ Double Lighting m 26,000,000
- 8ingle Lighting hm 19,000,000
14 Sidewalk m2 5,578
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(2) Indirect Cost

591. - . The indirect cost includes Administration cost Engi—
neerlng service cost and _Contingencies. A percentage of direct
construction cost is applied as the indirect cost. In the Colom-
bian government, 2-7% of the total direct construction cost are
assumed for the design stage. In this Study, however, those
values were railsed to 10% taking into account the masterplan

stage.
- Administratidn cost (10% of constructien'coet)_
- - Engineering service cost (10% of construction cost)
- Contingencies (10% of construction cost)

(3) Land Acquisitlon and Compensation Costs

5¢2. . The land price in March 1992 was obtained from the real
estate broker. The compensation cost data along the planned road
alignment was collected from Municipality of Cartagena. The land
price and compensation costs was estimated by each road project. .

593. . In the project cost, it is assumed that land acquisi-
tion and compensation costs will be paid only for private land,
not for public land such as military base and government owned.
As for the economic analysis of the projects, the public lands
are considered as other used spaces, and therefore, an opportuni-
ty cost is applied to them. : S :

(4) Project Cost Estimate for Road Construction

594. . The direct construction cost was eatimated by multlply—
ing road construction quantities by the unit cost of main working
items. The indirect cost included the total of three indirect
items. The estimated project cost is shown in Table 9.3-2 for new
road construction project and Table 9.3-3 for road improvement
project. As seen, the total construction cost for the Masterplan
project is approximately 194 billion Pesos, of which 108 billion
Pesos are for new rcad construction projects and 86 billion Pesos
are for rcoad improvement projects.

9.3.2 Bridge Construction Cost

595. The bridge construction cost depends on the type of
bridge and its length (span). In this Masterplan Study, the type
of bridge is not finally determined, however, the cost estimate
was conducted on the assumption that the type of bridge for every
bridge project is PC Concrete Bridge, exclusive of Br-3, Manza-
nillo Bridge, being Cable Stay Bridge. Schematic plans of these
Projects are shown in Appendix 9-1. S L '
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Table 9.3-2 Project Cost for New Road Construction
Kew Construction Project Costs ¢

Tndlrest Cost

] " Direct Cost ($ M. Ps) [N D)
. Pr.¥o. -Lane Class - Length | Construc- Tand Coapensa- Sub-Tolal] Administ- Enginecr- Contin- | Project
: tion Aquisitio tion Conskruc-{ ration ring Ser- . gency Cost
(km)  [Cost :  Cost tion Cost (10%) vices (10%) (10%) |
B Ehal 6 V-2 142 1,528 1,07 . ‘0 8, 603 752 752 - 152 10, 859
: 4¥-24 14.81 11,633 1,639 0 13,272 1. 163 1,163 1L, 163 18,761
G2 4 V-24 2378 13,062 2.616 0 15,678 1, 306 1, 306 1,306 | 19,596
4C-3 4 V-1 2534 8, 757 4,912 -0 13,729 8745 875 875 16,39
{04 2 V1A 25.1 5823  : 1,669 0 7. 491 582 582 582 9,237
G-7 4 V=24 . 1% 0 D . 776 17 I s 1, 607
G-8. 4v-3 1.8 1,905 2. 880 0 3,885 100 109 100 4, 185
R 0.88 404 1, 162 2 1, 637 40 40 40 1,797
c-9 2v4 - K92 2,792 2,830 100 5,822 279 219 278 5, 658
C-18 4 V-2 144 814 ... b 0 814 3t 81 ]| 1,057
4 V-2 123 563 1,212 ] L7 56 5§ 56 1. 944
16-12. 2 ¥v-1a- 239 505 159 1 664 50 50 50 814
13 2V-1A 16 129 239 0 368 72 12 12 1, 184
G-1t 4¥3 2.19 1. 064 876 0 1, 840 106 106 106 2,258
G-14 2 V4 8.53 168 128 333 638 16 16 16 578
C-15 V-4 B.58 178 128 333 640 17 17 17 631
C-16 2v-4 0.89 288 203 67¢ L1720 ‘28 - 28 28 1,254
C-18 2v-4 -1.59 410 165 11 L 41 41 41 1,01
£-19 2V4 2.2 1.031 3,113 I} 4,744 103 103 103 5, 053
C-20 4 V-3 0.82 1 466 ] B 466 .- 46 46 46| - 604
2Yv-4 2.58 1,186 3406 0 4,592 118 118 118 4,946
Total 122.79 59, 184 29,114 1,858 90,216 5, 908 5,908 5,908 | 187,940
Table 9.3-3 Project Cost for Road. Improvement
Road Iaprovement Projeci Cosis )
Direct fost {3 K Ps} Indirect Cost 3 H.Ps)
Pr.Ko.Lane  Class Length | Construc- Land Compensa-  Total Administ- Engineer- Contin- |[Project
tion - Aquisitin tion Construc-| ration ring Ser-  gency Cost
(ka) _|Cost Cost tion - ICost (10%) vices (10%)  {10%) .
-2 4Vt 18.26 | 13.393 1,621 128 15,143 1,338 1. 339 1,335 | 19,160
§-3 4 V-23 2,23 527 ] 0 5227 B2 62 62 . 813
1 . 5v-2 0.41 196 0 0 196 18 1% C 18 253
i -4 4 V-2A a4l Rt SO I} 7158 ! 7 il 928
-5 4 V-3 2.05 859 1,29 408 2,564 85 85 85 2,819
-5 4v-3 . 288 0 ] 0 110 1 77 779 008
-1 4 V24 1.8 §13 780 492 1,899 61 $1 61 2.082
-8 4 ¥V-24 0.87 312 137 295 745 I i n 838
§¥y2 1.42 589 681 it 1,986 58 58 58 2,160
:-3 4 V-2 0. 46 128 554 3.450 4,124 12 12 12 4, 163
[-10 4 V-2A 0.5% 183 kI i 556 18 © 18 18 " 610
B H 6 V-2 4,25 837 751 4312 5, 969 83 81 83 6, 218
i-12 4 V-2A 3. 6% 1. 353 ] 0 1,353 135 135 135 1,758
[-13  4Vv-24 0 - LS| . 703 0 0 703 10 70 70 913
I-14 B V-2 0 13.42) 0 T.8I6 1,193 184 9,113 781 781 781 il, 456
f-15 4-¥-3 327 816 i, 25% 2, 244 4,319 81 Bl 81 4, 362
£-1§ 4¥-3. 4.21 1,986 - 94 1,342 3. 896 158 158 198 [ 4,370
-1? 2v4 3.85 953 16 4,050 5, 720 95 95 45 6, 005
£-18 4v-3 0. 65 245 - 154 444 8431 T 24 24 215
-1 24 1.25 254 186 576 1,015 25 25 25 1,090
[-20 2v4 2.32 §73 493 731 1,908 i 67 67 2,108
[-21 - 2V¥A 2.1) 705 335 1,426 2, 466 N 70 70 2,578
{-22 4V B. 62 152 w0 450 15 15 15 535
23 2V4 - 2. 16 565 6 - 0 9i7 56 56 56 1,080
-4 2 V-4 1. 69 454 83 . 258 X 4] 45 45 928 t.
¥-25 2V4 3.38 388 54 1, 664 3,081 48 88 88 3,355
Total 81.87 | 35,330 °© 12,855 22,678 71,923 3,628 3, 626 3,626 82,801

—293—



(1) Direct Construction Cost.

596. The unit cost of bridge construction: cost by main
working items is shown in Table 9.3~ 4 which ig in Pesos (PsS) as
- of March 1992, obtained from the related agencies in the Colombi-
an government. This unit cost. includes labor cost, equipment
~cost, material cost and taxes.

Table 9.3-4 ConStructiOnlerk Unit Cost for Bridge

Bridge Construction Cost

. T Unlt Price
Itens Unit {Pesos) - Remarks
Super Structure
. 1) Pavemant ’ n2 5,500
“2Y Shidewalk mz| - 7,000
3) Railling ) o ] 15,500.
4) Concrete ) 125,000
‘5) Re-Bar: 1 . ton . 443,000
:8Y PC-Tendon t-m 330 R : :
7) Stee}l Plate ’ ton 2,250,000 [ ¥or Cable Stay. Brldge
8) Cable ton { -~ 3,000,000 | For Cable Stay Bridge
. B) Rrrection. Grid v-m 4,900,000 | For Cantilever Bridge
10} Asszembly . time 5,500,000 | Por Cantilever Bridge
ALY Movement Lo time | 96,000 | For Cantilever Bridge .
Sub-Structure .
12} Concrete m3 100,000
13} Re-Bar ton 443,000
14) Excavation m3 6,000

15) Steel Pile - ton 1,300,000

(2) Project Cost Estimate for Bridgé Constructioh :

597. The direct construction cost was eStimated-in the same
manner. as that of road project. The direct construction: cost
includes Contingency cost which is assumed as 10% of the direct
bridge construction cost. The indirect cost such as Administra-
tion Cost and Engineering Service Cost was assumed as a total of
thirty percent (30%) of the direct cost. : : :

598. Table 9.3-5 shows the estimated bridge construction
cost inclusmve of the cost for approach roads. In'this'Table,
Br-5, Br-6 and Br-7 progects ‘are not listed, because they are
not included in the 2010 year s Masterplan. The total: construc-
tion cost is approximately 80 billion Ps$. The Br-3 project ‘cost
is higher than others and its cost is approximately 57 billion
Ps$, equivalent to 71% to the total bridge cost because this
bridge is designed as Cable Stay Bridge with long span. On the
other hand, the sum of the remaining 9 projects is approximately

23 billion Ps$. |
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Table 9.3-5 Project Cost for Bridge

Bridge Construction Cost

T Direct Cost (M Ps$) Indirect | Project
: : Type of . : i Cost st
Pr. lo. Name Bridge Super- b= Sub- Contin-  Total M. Ps$) [ (. Ps$)
: o ’ Structure  Structure Total gency o)
. : _(10%) - {30%). .
Br-1 . San Lorenzo Bridge - PC-Concrate 865.9 70,0 4,575.9 157.6 1,731.5 520.1} 2,253.6
Br-2 Bazurto 2 Bridge PG-Concrate 2831 2065 499.% 49.0 538.6 16161 - 700.1
Br-3 Hanzanille Bridge Cable Stay Br. 20,8508 4.897.%5 39,7507 - 39751 43,726.4 | 13,117.9 |55, 844.3
Br-4 - Pasacaballe Bridge PC/Cantilever Br. 3707 291.9 2,668 8 266.9  2,935.4 880.6 ) 3, 816:0
“1Br-8 - Las Animas Bridge PG/Cantilever Br. 5193 2,216.8 - 7,414.1 7414 8,155.5| 2,446.7 j10,602.2
Br-¢ - Las Palmas Bridge : Pi-Concrete 2631 550, % 8336 83.4 9170 2751 L1921
Br-10  Msrbella Biidge PC-Concrete 814.4 w7 - 9222 92.2 1,014.4 04.3| 1,187
Br-11-  Cenapote Bridge PC-Concrete 8id. 4 107. 7 922.2 2.2 1,014. 4 4.3 1, 318.7
Br-12  Crespo Bridge PG-Concrete 814. 4 107.7 g22.2 92.2 1,014.4 0431 13187
8r-13 Heredia Bridge PC-Concrete 2831 206, % - 489.6- 49.0 532. 6 165.6)  “700.1
Total 41,5803 14,468.8 55,989.2 5,598.9 61,988.1118,476.4 | 80,064.5
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9.4 Alternatives of the Road Network
9.4.1 Road Masterplan in 2010

599, The road masterplan in the target year of 2010 was
prepared based on traffic demand in 2010. The 2010 year's OD
trips were assigned on the reoad network in the long term plan,
and the road projects in the road masterplan were selected from
those in the long term plan according to the results of traffic
assignment. At this stage, this masterplan is set as a basic case
(Case~1), involving some projects selected as high priority
projects only from a traffic point of view without taking into
consideration the socioceconomic aspects.

600. In order to evaluate an optimized road masterplan in
2010 from every aspect such as traffic and cost-benefit, five (5)
alternatives were also prepared based on this basic-case-
masterplan. Finally, one (1) alternative was chosen as the most
effective plan taking into consideration traffic and cost-benefit
estimates.

601, The basic case road masterplan in 2010 is shown in
Figure 9.4-1. Table 9.4-1 also shows the summary of selected
projects in this road masterplan in 2010. The planned total road
length is approximately 211 km, of which 129 km (inclusive of 6
km for bridge construction) is for new road construction and 82
km is for road improvement. The ratio of project length in the
masterplan to that in the long term plan will be about 80%. This
is because new construction roads across the Baru and Tierra
Bomba Islands {refer to paragraph No.607) are suspended.

602. The projects outside the urban area were excluded from
the long term plan, which includes the following: (refer to
Tables 9.4-2 to 9.4-4).

- C- 3: Anillo Vial-Bocachica-Carretera del Mar Road
including Br-5: Escollera Bridge and Br-7: Cartagena
Bay Bridge (only a part over the sea)
- C- 4: Trans-Baru Road
{to be planned with provisional 2 lane in the
Masterplan)
- C~- 5: Baru-Tierra Bomba Road
including Br-6: Bocachica Bridge
- C- 6: Nao-Ararca Road
- C-12: Canteras Road (Puerto Bombero-Turbaco)
- C-13: Camino a Turbana Road
- 1I- 1: Bayunca-pP.Canocas Road
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:Figure 9.4-1(1) The Road Masterplan in 2010 (Urban Area)
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Figure 9.4-1(2) The Road Masterplan in 2010 (Sub-Urban Area)
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603. Inside the urban area, almost all the projects were
selected in the masterplan except a few projects listed below.

- C- 9: Cienaga de la Virgen Road
{to be planned with provisional 2 lanes in the
Masterplan)

- C-17: Ternera-Ladrillera Road

- C-18: Campestre-Anillo vial Road

{to be planned only some segments in the Master-
plan)

Table 9.4-1 Masterplan Project List in 2010

Table Master Plan Projects in 2010
Length i :
ltems (km) 2 Lanes : 4 Lanes ! 6 Lanes
New Consatruction Roads : :
- Arterial/Collector Roads 111.30 37.89 65.99 : T.42
-~ Minor Collector Roads 11.49 8.38: 3.11: 0.00
Sub-Total 122.79 46,27 : 658.10 : 7.42
Road Improvemsnt : :
- Arterial/Collector Roads 59.61 0.00 : 40.14 19.51
- Minor Collector Roads 22.28 16.78 : 5.48 0.00
Sub-Total 81.87 16.78 : 45.58 19.51
Bridge Construction 5.99 0.84 é 5.15 i 0.00
Total Length 210.65 63.89 1 119.83 26.93

Table 9.4-2 New Construction Roads in the Mastexplan

New Construction/ Arterial and Collector Roads

Pr.No Nane Length (ko) Remarks
c-1 Anfllo Viai Road {Aeropuerto-Bocacanoa) 22.32 | 4/6 lanes/under constr.
c-2 Carretera de)l Mar Road {Bocacanoa-Palmatrito) 23.78 | 4 lanes
c-3 Anillo Vial-Bocachica-Carretera del Mar Road 21.24 [ 4 lanes
C-4 Trans-Baru Road 25.10 | 2/4 lanes
c-5 Barw-Tierra Bomba Road
c-6 Hao-Ararca Road
c-7 Navy Base Road 1,50 {4 lanes
C-8 Juan Angola Resd 2.668 { 2/4 lanea {Provislonal 2 Lanes)
c-9 Cienaga de la Virgen Reoad 5.92 | 4 lanes (Provisicnal 2 Lanes)
€-10  Avenida Wiramar Rosd {Pazteliollo-Bazurtel 2.67 | 4 lanes
c-12 Canteras Road (Puerto Bombero-Turbaco) 2.39 | 2 lanas
£-13 ’aming _a Turbana Road 3.60 | 2 lanes
Sub-Total 111.3
Hew Construction/ Minor Ceollector Reads
Pr.No. Name Lengthi{km} | Renarksa
c-11 Ceballos Road 2.1% [ 4 lanes
C-14 Boston Road (Carrera 44) 0.53 | 2 lanes
©-15 Carrers 51 (Ratasl Nunez) 0.58 { 2 lanes
C-16 Carrera 5% (Olaya Horrara) 0.89 | 2 lanes
C-17 Ternera-Ladrillera Road
.18 Cempastre-Anille Vial Road 1.55 | 2 lanes
c-19 S5th Av. Manga 2.25 | 2 lanes
c-20 Chambacu Reoad 3.5 |2 lanes
Sub-Total 11.49
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Table 9.4- 3 Bridge Constructlon in the Masterplan

Bridge Construction

Br.No, Name Longth({km) | Remarks.
Br-1  San Lorenzo Bridge 0,202 lanob-includlng approach
Br-2 Bazurte 2 Brildge 0.32 | 2 lanes including approach
Br-3 Manzanlllo Bridga 2,70 | 4 lanes lncludlng approach
Br-4 ' Pasacaballo Brldge 1.05 [ 4 lanes including sppreoach in Project No. C-4
Br-5 - Escollera Bridge : ‘ ': i . )
Br-6 Bocachica Bridge
Br-7 Cartagena Bay Bridge v R
Br-8 . Les Animas Dridgas 0.60 4'lanaailnc1udlns approach .
Br-9- 'Las Palmas Bridgs '0.23 | 4 lanes Including approach I{n Project No. I[-15
Br-10 Msrbelia Bridge - 0.32 | 2 lanes including approach .
Br-11 . Canapote Bridge 2.10 | 4 lanes including approach
Br-12 - Creéspo Bridge 0.10 | 4 lanes including approach
Br-13 Heredia Bridge 0,39 | 4 lanes including approach
Total 5.99

Table 9.4-4 Road Improvemeht Projects in the Masterplan

Improvement /_Arterial and Collector Roads

Pr.Na Name Length(km) Remarks
I-1 Bayunca-P.Cancas Road :
-2 tadrillera-Rayunca Road ©18.26 | From 2 to 4 lanes
I-3 .- Cerrera 1 (Bocngrande} 2.84 |From' 2 to 4 lanes and 4 to 8 lanes
1-4° ; Calle 6 {C/Qrand) ) 2.13 | From 2 to 4 lanes K
I-5° ~ Carrera 30 {(San Francisco-Quinta) 2.05 | From. 2 to 4 lanes
1-6 - - -Avenida Jacobo ‘del Valle Z.88 | From:2 to 4 lanes
-7 Diagonal. 20/ Bosque 1.80 { From 2 to 4 lanes . -
I-8 Tranaversal 54/ Bosque 2.29 { From 2 to 4 lanes and 4 to 6 lanes
1-9 Calle 30. (Media Luna} 0.46 { From 2 to 4 lanes
I-10 Calle 20: {Piede )la Popa) 0.59 | From 2 to 4 lanes
I-11 ~ Av. Pedro-do Heredia 4.26 | From 4 to & lanes
I-%2  Amplicacion Troncal Sta,Lucia-Temera 3.66 | Prom Z to 4 lanes
I-13 Transversal 54 (Ampare-Ladrillera) 1.0 [ From 2 to 4 lanes
I-14 Diagonal 30 {Coballo-Mamonal) 13.42 [From 2 to & lanes
I-15 Carrera 17 3.27 [ From 2 to 4 lanes
Sub-Total 59.81
Improvoment/ Minor Collector Roads
Pr.No. - _Name Longth{km) Remarks
I-16  Avenida Pedro Romero 4.21 | From 2 to 4 lanes
I-17 Av. El Conszulado/Piedra de Bolivar-Hos 3.85 { 2 lanes, pavement
i-18 Calle de Matadero : 0.65 { From 2 to 4 lanes’
I-19 Transversal 45 (Juan 23} 1.25 | 2" lanes, pavement
I-20 Carrora 46 (Ceballoe-Espdna) 2,32 | 2 lanes, pavement
E+21 Carrera 51 (Nuevo Bosque-Costa ELlnda) 2.13 | 2. lanes, pavement
1-22 Calle 41 (Av.Santander-India Catalina} 0.62 | From 2 to 4 larnes
I-23 Antigua via Ternera 2.16 | 2 lanes, pavement
I-24 Carrera 71 {BEL Socorre-Biffi} 1.69 | 2 lanes, pavemont
1-25 Calle 15 {Santa Clara-San Fetrnando) 3.38 | 2 lanes, pavement
Sub-Total 22.26
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9.4.2 Road Masterplan ﬁlternatives

_604. ' The five (5) alternatlves of the road masterplan were
prepared from the base caseée _masterplan (Case-1) based on the
combination of the following projects.

1) Br-3: Manzaﬁillo Bridge
2) Br-8: Las Animas Bridge _ _
3) I-9 and 10: Calle 30 (widening 2 to 4 lanes)

605, -~ These projects influence traffic movement on the heavi-
est traffic corridor in east/west direction. According to the
traffic assignment on the base case masterplan, traffic movement
to Centro will divert from Pedro de Heredia to Manga or Boca-
grande by using both bridges. Therefore, it is indicated that
traffic load on Pedro de Heredia is dependent on whether both
bridge projects are executed, or'not.

606. The flve ( ) alternatlves are shown in Table 9 4-5,

Table 9.4-5 Alfernative plans in the Masterﬁlen.

Case Br-3 Br-8 1-9,10
1 o] 0 0
2 O 8] X
3 0 "X X
4 0 X 0
5 b4 0 0

Note: O : With Project
X : Without Project, in case of 1-9,10 indicates the
. present condition

607. "~ The efficiency for the projects of Calle 30: I-9 and
10, which widen the number of lanes from 2 lanes to' 4 lanes was
analyzed in the alternative case-2. Case-3 and Case-5 were pre-
pared for analyzing the efficiency of whether Manzanillo bridge
project: Br-3 which links between Manzanillo and Castillogrande
is constructed or not. As for Case-4, the efficiency of the Las
Animas Bridge project was also evaluated.

608, . . Table 9.4-~-6 shows assigned traffic volumes on the
imaginary sections and Figures 9.4-2 to 9.4-6 show assigned
traffic volume on the road network which is represented by "width
in proportion to assigned traffic volume". The drawn line in
black represents the situation that the volume- -capacity ratio
‘exceeds 1.5 or over, and the. range from 1.0 to less than 1.5 is
represented with a oblique line.
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Table 9.4-6 Assigned Traffic Volume on the Imaginary Sections
. Section-2: Docagrande
Road Name Chée{l Caso-2 Cage-3 Cane-4 Cage-5
.1} 1-3 :Av.Santander - 61,145 61,057 88,442 » 88,634 = 65,072
2) .'.i.l....&.ﬁe.@.?...&f.l.im%?..M.!‘ﬂs.‘? .............. 36,146 .. ... 36,149 ... e e ) 62,967
-Sub-Total (Continental) 61,145 61,057 86,442 » 88,634 » 65,072
Sub-Total (Bridge) 36,146 36,149 L= - - 62,967 »
Total 97,291 897,208 88,442 80,634 - 128,039
Capacity 120,000 120,000 72,000 72,000 120,000
o Volume- Capacity Ratio 0.81 0.8} 1.23 1.23 1.07
- Note : * the volume capacity ratio exceeds 1.0
:Soctlon?3(1):.Laguna:do Chambacu-San Lazaro
_Road Name cage-1 ‘Case-2 Caga-3 Case-4 Case-5
1) 1-3 rAv.Santander | 41,370 41,292 41,129 40,269 . 41,065
2} 1-9.:Calle 30 (Medisa Luna) 44,858 42,639 . 53,182 « 54,277 s 47,013
3} I-10:Calle 30 (Popal 48,756 « 45,815 53,590 » 60,275 = 55,638 »
4) Br+8:Las Animas Blrdse 36,146 . 36,149 L= - JGZ;QG? L
5) Calle 25 20,652 22,530 © 22,385 19,086
6) Calle 24 16,704 17,826 22,7%2 ZQA34} ........... 11,048
Sub Total (Contlnental) 172,340 168 224 195.203 197,407 173.860
Sub-Total {Bridgse} 36,1456 36,149 . - = 62,967 «
Total. 208,480 204 373 195,203 - 197,45? 236,827
Capacity : 264,000 264,000 . 216,000 216,000 264,000
|__. _Volume-Capacity Ratio : 0.79 0.77 - 0.90 Q.91 0,90
Note : = the volume capacity retio exceeds 1.0
Section-3(2}! Manga-La Quinta
Road Name Case-1 Case-2_ . Case-3 Cage-4 Case-S
1) Av. Podro de Heredia 81,404 » 76,365 78,511 a 75,982 ¢ . 79,930 .+
2} 1-6 :Av.Jacobo del Valle 44,370 46,336 48,186 » 46,969 59,104 »
3) C-19:5th Av.Manga 18,188 20,108 18,9855 21,194 21,701
4) C-10:Av.Miramar Road 22,200 21,955 12,598 12,404 33,024
5) Br-3:iManzaniilo Bridge | 30,748 30,833 . 39,397 ..39.495 o
Sub-Total {Continental) 166,162 164,764 158,250 156,549 193,730 -
Sub-Total {(Bridge) 30,748 . 30,833 39,597 39,403 -
Total 196,910 195,597 197,847 195,954 193,739
Capaclty : 240000 240000 246000 ééODOG' 192000
Volume-Capscity Ratlo Q.82 0.81 0.82 0.82 1.0%

Note :

= the volume capaclity ratlo exceeds 1.0
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609. Flgure 9.4-7 shows the schematic traffic movements
summarized in Figu1es 9.4-2 to 9.4-6 where the values in Figure
9.4-7 indicate different traffic volume from the base case. In
case that only the Manzanillo Bridge project (Br-3) is execut-
ed, the major traffic movement changes. Approximately 30,000
pcu/day are diverted from the corridor in continental area into
the bridge. When the Las Animas Bridge is not implemented during
the construction of the Manzanillo Bridge, approximately 27,000
pcu/day are also diverted and about 9,000 pcu/day are added on
the Manzanillo Bridge. As for the widening on Calle 30 (I-9 and
10}, traffic volume on the corridor falls to only 4,000 pcu/day
and the diverted traffic into the bridge is very small.

610, The Manzanillo Bridge project will make a great impact
on traffic movement against the heavy traffic corridor. The Las
Animas Bridge also alleviates the traffic load on the corridorx.
Table 9.4-7 shows the volume capacity ratio on the three sec-
tions: Bocagrande; Laguna de Chambacu-San Lazaro, .and Manga-La
Quinta. As seen, in case of without the Manzanillo Bridge
project, the volume capacity ratio on the sections of the Boca-
.grande and the Manga exceed 1.0. When the Las Animas Bridge is
not constructed, the figure on bocagrande section is over 1.0 and
on Laguna is close to 1.0. Anyhow, those bridge projects are
needed to allev1ate the traffic congestion in future on the
corridor.

Table 9.4-7 The Volume Capacity Ratio by Sections

Bocagrande Laguna Manga
Case No. | Section-2 -3(1) -3(2) ;| ®Rithout Projects
Casge-1 0.81 0.79 - 0.82 :
Case-~-2 - 0.81 Q.77 G.81 | 1-9,10
Case-3 1.23 0.390 0.82 | Br-8, 1-9,10
Case-4 : 1.23 0.9% 0.82 | Br-8
Q.90 1.01 | Br-3_

case-5 1.07

9.4.3 Evaluation of Alternatives

611. In order to evaluate the alternatives from an economic
point of view, the cost-benefit analysis was conducted by the
alternatives. Two benefit items were estimated, that is, savings
in vehicle operating cost (VOC) and in passengers' travel time
cost (TTC). Benefit of a project is measured through so-called
"with" and "without" comparison. Total VOC and TTC of each alter-
native case were caluculated and the difference of those of
"without" case is estimated as project benefit. Ratio of B/C and
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