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CHAPTER 1
SOCIO-ECONOMIC PROFILE OF THE PROVINCE

GENERAL

The Province of Rizal was selected as one of the
Study Provinces which represents the province of the
following characteristics:

Economically less developed
. High level in road development
Topographically flat and mountainous

GEOGRAPHY AND TOPOGRAPHY

The province is located in the central part of Luzon,
bounded on the norih by Bulacan Province, on the east by
Quezon Province, on the south by Laguna Province and
Laguna de Bay and on the west by Metro Manila.

Areas of more than one half of the Province in the north
and east are mountainous where the Southern Sierra Madre
Ranges are situated. The area facing Laguna de Bay is low
and flat land. The western area adjacent to Metro Manila
is also low and flat land.

Slope map 0of the province is shown in Figure 1.2-1.

POPULLATION
The province is composed of fourteen (14) municipalities.

Population in 1990 is estimated at 792,000. The average
annual population growth rate for the period of 10 vyears
from 1980 to 1990 was estimated 3.4% which is higher
than the national average of 2.4%. Population density of
the province in 1990 is 6&605L.1 persons per sqguare
kKilometer which is higher by 2.9 times than the national
average of 205 persons per sg. Km.

Population, the average annual population growth rate and
population density by municipality are presented in Table
1.3-1. Distribution of municipai towns together with
their populiation is shown in Figure 1.3-1.

As the province is located adjacent to Meiro Manila, about
one fourth (1/4) of the Province in the western and
souihern areas are highly uarbanized and residential and
industrial areas were developed. Municipal towns are
developed in the western area and along Laguna de Bay 1low
land area.
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Table 1.3-1

POPULATION, LAND AREA AND DENSITY (1890)
Province of Rizal

= iR B kgl R i HE e L g S g N Y

! i Projected | Annhual | ] '
! City/Municipality | Population! Growth lLand Areal Density |
i | {1990) !Rate (%)! (km™2) 1 (p/km"2) |
! ! i ! ! _ i
i 1. Angono | 41,514 1 4.3 | 26.0 1 1,596.7 |
i 2. Antipeolo ! 120,827 | 5.6 i 306.1 1 394.7 |
1 3. Baras [ 15,3256 1} 3.0 ! 23.4 1% 654.9 1
! 4. Binangonan i 106,382 1 2.5 72.7 1 1,449.5 }
{ 5. Cainta i 110,817 i 6.3 1 10.2 110,864.4 |
! 6. Cardona } 29,580 | 1.7 1 31.2 1 948.1 |
t 7. Jala-Jala i 15,164 1 2.2 | 49,3 | 307.6 |
i 8. Montalban ! 57,407 | 3.0 i 3iz.8 | 183.56 |
i 9. Morong ! 27,132 | 0.7 i 37.6 1} 721.6 |
110. Pililla ! 30,159 | 2.4 | 74.0 | 407.6
'11. San Mateo . 70,206 1 2.9 | 64.9 1 1,081.8
12, Tanay } 55,356 | 3.0 | 243.4 | 227.4 1
t13. Taytay H 96,304 | 2.3 i 38.8 1 2,482.1 |
114, Teresa i 16,876 | 1.1 i 18.6 ! 807.3 |
i TOTAL i / 792,049 | 3.4 | 1,309.0 1} 605.1 |
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1.4 SOCI10-ECONOMIC PROFILE

Table 1.4-1 shows major socio-economic data of the
province in comparison with the national value.

Gross Regional Domestic Product which shows economic
output of the province shares 1.7% of the total national
ouiput. In view of land area and population share of the
province to the couniry, the province's economic output is
slightly higher ithan the national average.

Per capita income of the province is higher by 1,24 times
than the mnatienal average, Incidence of poverty shows
lower level than the national average. Unemployment and
underemployment rates are lower than the national average.

Influenced by socico~economic activities of Metro Manila,
industry (secondary indusiry) shares the highest in terms
of number of workers. Agricultural industiry shares only
18%.

Table 1.4-1
MAJOR SOCI0O-ECONOMIC DATA OF PROVINCE OF RIZAL

7. Incidence of Poverty
in 1985 (%)

8. Unemployment Rate
in 1988 (%)

9. Underemployment Rate
in 1988 (%)

59.3

8.3

| ! Rizal i Philippines ! ;
] { (A) i (B) {AY/ By
il1. Total l.and Area (sq.km.) i 1,309 1300, 000 i 0.004 |
i2. Population in 1990 } ! | !
H (1000 persons) ! 792 it 61,483 i 0.013 |
13. Population Density i ! ! i
1 {persons/sq.km.) ! 605 i 205 i 2.95 !
i4. GRDP (Million P at H ) ! i
] 1000 prices) i10,8756 1623,051 1 0,017
{5. Per Capita Income in 1985b ! ; |
! (P/person) 6,974 i 5,593 P 1.24
i16. Number of Workers b ! i
: by Industrial Sector in i ! H
i 1980 (1000 persons) i ! i
i * Agricultural 33.3 (19%)y + 7,303 (51%) | 0.005 !
} * Industry 69.9 (412 + 2,177 (1b%) | 0.032 |
! % ! 4,552 (32%) } 0.014 1
! * Total 1/ 171.3 (100%>! 14,197 (100%)}) 0.012 |
3 1 1 1
r i : :
i } : !
! ! i ;

;
1
:
1
)
:
Service ' 65.6 (38%)
]
¥
\
;

Nete:; 1/ Includes other workers who cannot be classified as any
one of three (3) sectors.



AGRICULTURAL LAND USE AND MAJOR CROPS

Rizal has a total land area of 1,309 square Kkilometers,
representing 0.4% of the total land area of the
Philippines. Table 1.5-1 shows general land use of the
province. Grass land shares about 54% and agricultural
land areas only 14.3%. Shares of built-up area is quiie
high and shares aboul 13%,

Figure 1.5~1 illustrates the agricultural land use of the
province. Table 1.5-2 showe major crops produced in the
province. Five (5) major crops of the province are palay,
corn, mango, camote and cassava. However, none of them
contribute substantially to the region's crop production.

Table 1.5-1
LAND USE OF RIZAL

Area in
Land Use sq.km %
Agricultural Land 187.2 14.83
Grass Land 700.3 53.5
Shrub Land 77.2 5.9
Forest 168,9 12.9
Built-up Area 175.4 13.4
Total 1,309.0 1G0.0
Source: Bureau of Soil
Table 1.5-2 .
MAJOR CROPS OF PROVINCE OF RIZAL
Area Utilized (ha.) Production (M.T.)
Major Crops  -———==-—wmmmmr e e e
1985 1986 1985 1986
Palay 6,610 6,670 24,395 21,140
Corn 2,440 2,470 2,020 1,595
Mango 700 “ 700 5,320 4,641
Camote 171 173 1,642 1,661
Cassava 115 116 943 928

Source: Bureau of Agricultural Statistics
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CHAPTER 2
ROAD NETWORK OF THE PROVINCE

GENERAL

The province was classified as one of the provinces of
which road network development represents the high
level in the Philippines. In this Chapter, present level
of road network development is assessed mare in details,
then general direction of the {future road network
development is established. Based on the said assessment
and the functional road classification criteria, the major
road network for the province is proposed.

PRESENT LEVEL OF ROAD NETWORK DEVELOPMENT

Present level! of the road network development level is
assessed in terms of road extension (gquantiiy of roads),
surface type and conditions (quality of roads) and road
network pattern,. :

Present Level of Road Development in terms of Road
Extension

Rizal has a total of 1,237.2 kms. of ~roads, comprising
224,2 Ekms. of National, 66.8 kms. of Provincial, 143.4
kms. of Municipal and 782.8 Kms. of Barangay Roads in
1987. :

Table 2.2-1 shows road density by class of road which is
compared with national average. In comparison with the
national average, road development level of the province
in terms road extension is summarized as follows:

National roads .......ves.....higher by 1.26 times

Provincial roads......cs. .. ...low at only 31% of the
national average

Barangay roads......»... «vea..higher by 1.24 times

All roads....... seessrssessv.almost same as national
average

In terms of road extension, provincial class of roads are
extremely scarce, however, other classes of roads are
considered to be in the satisfactory level.

Present level of Road development in terms of surface type
and surface condition

The Study Team conducted an extensive field survey on the
existing road conditions of which results are summarized
in Table 2.2-2.



TABLE 2.2-1

EXISTING ROAD LENGTH AND ROAD DENSITY
Province of Rizal

Road Lengih fmmm—mrommmmmm oo o !

i i

i Road :

i Class YIn 1987 (kms.) ! Rizal 1Philippines ! Rizal/Phils |
fassm e e ki e it i i b e mmemn ]
{National Rd.! 244.2 (19,7 + 0.2518 | 0.1994 1} 1.26 }
iProv'l. Rd.i 66.8 (5.4)1 0.0689 i 0.2211 1 6.31 ]
i Sub-Total | 311.0 (25.1)1 0.3207 | 0.4205 i 0.76 !
e et Ralebalatebel b b e i Jome e !
iCity Rd. | - - - ! 0.0304 1 - i
tMunicipal Rdi 143.4 (11.6)% 0.1479 1 0.0981 | 1.51 i
tBarangay Rd.! 782.8 (63.3)1 0.8073 1 6.6536 1| 1.24 i
i e el [ e ettt b R ittt bl i
! TOTAL P 1,237.2(100.0)%  1.2759 ! 1.2026 | 1.066 '
SOURCE: DPWH Infrastructure Atlas, 1989

TABLE 2.2-2

EXISTING SURFACE CONDITION (SURVEYED ROADS ONLY)
Province of Rizal

! ! { Surface Condition 1/ ! % of Pavement Type 2/}
! Road i Pavement f---=-----mommrm s c e o s o m e m oo oo m oo s |
i Class | Type | Good/Fair ! Bad/Very Bad i Total (%) | Rizal ! Phils H
oo e N o mm e Ry R et !
4 {PCC 1116.7 (86.7)1 4.0 (3.3)!120.7 (100.0)1 44.8 | 23.6 |
: et fosmm e it B R fommmmmem o oo |
! National !Bituminous! 43.1 (53.1)1 38.0 (46.9)} 81.1 (100.0)i 40.8 | 22.3 H
i Road e jmmmme s ——— e rm . e formmm——————— jrmmme i
! iGravel 10,3 (37.6)7  17.1 «(62.4)% 27.4 (100.0)1 14.4 + 51.3 ]
: R e fmmmme s R R e e fmmmmmmmees oo !
H iEarth i - i - - 4 - (100,001 - i 2.8 }
i R R et atatatt e et BT e H R it e R et e e H
! iTotai: 1170.1 (74.2)) 59.1 (25.8)1228.2 (100.0)} 100.0 1§ 100.0 i
R R R Pommmmmm e R et R s :
! i PCC ! 3.9 (88.6)) 0.5 (11.4)% 4.4 (100.0)! 10.9 | 2.5 !
i T T ettt R e e T e ettt e !
iProvincial iBituminous! 7.2 {52.1)1 6.9 (47.9)1 14.4 (100.0)} 23.5 | 8.9 i
!  Road J==mewe—om- from oo Jmmm e e frm {mmmmre e i
' 1Gravel Yol4.4 (72,001 5.6 (28.0)} 20.0 (100.0)} 20.2 Vv 70.6 |
: fommmmmeee frmm e mmmm oo R e R R fmmmmmmm oo fmmmm s jommmmm !
; 1Earth | - - i - - 1 - (100.0)1 45.4 { 18.0 }
' i fmmmmmm— e R e frmm R !
i iTotal i 25.8 (66.5)! 13.0 <(33.5)) 38.8 (100.0)i 100.0 1} 100.0 H
jmmrmm—————— frmm e ———— Jmmmmm e lom e rmm o e P Rt ]
! {PCC 1120.6 (96.4)1 4.5 (3.6)1125.1 (100,001 37.5 { 12.5 }
i National i----=---r~ Prommme e m e e il e bt e R ety i
! and iBituminous! 50.6 (53.0)) 44.9 (47.0)} 95.5 (100.0)! 37.1 1 15.3 !
iProvincjal l-—=vrow—r-- P e L frmmme e == fmmomem - }
! Road 1Gravel P 24.7 (B2.1)1 22,7 (47.9)1 47.4 (100.0)! 15.7 | 81.4 H
! e fommmm e e TR fmmmmmm e R i ;
i lEarth ! - - H ~ - i = (100.0)1 .7 + 10.8 ;
! fmmmmmomee- fmomm oo fom oo fmmm e fmmm e fmmmmmmmnen ;
; iTotal 1195.9 (73.1)F 72.1 (26.9)i268.0 (100.0)! 106.0 | 100.0 !

e T T A e o T T R R e o e et T (i g 7w B P TR e o T L = PO A e A £ R e DR P W Sy T - T e O % S e T o

SOURCE: 1/ Survey by Study Team in 1989
2/ DPWH Infrastructure Atlas, 1989

2 -2



.2.38

Present level of road development in terms of surface
condition (quality of roads) could be summarized as
follows!

National Ho&ds

. About 85% of national roads in the Frovince are paved
with either PCC or bituminous surfaces which is
higher than the national average of 46%.

. Sufface conditions of national roads dre relatively
well maintained. About 74% of national roads in the
province were rated either good or fair.

. In terms of road quality, national 1roads in the
province are in high level.

Provincial Roads

. About 34% of provincial roads in the province are
paved wWith either PCC or bituminous surfaces, which
level is higher than the national average of 11%.

. Surface conditions of provincial roads in the
province are relatively in good condition. About 66%
of provincial roads are assessed either good or fair
condition.

. Compared with other provinces, provincial roads in
the province is relatively high level.

Present Road Network Pattern

Present road network is presented in Figure 2.2-1, which
shows all exXisting national and provincial roads. Present
road neitwork of the Province is assessed as follows:

in the southern and socuth-western area, a mesh type

road network is formed. In the nerthern area, the
" road network is not developed due toe rugged

meuntainous area of southern Sierra Madre Ranges.

. The main axis is the national road running along
Laguna de Bay.

All municipal towns are accessed by the national or
provincial road.
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GENERAL DIRECTION OF ROAD NETWORK DEVELOPMENT

Results of assessmeni of present road network development
level are summarlzed as follows:

. In terms of road exiension, provincial c¢lass roads
are extremely scarce.

Surface Ltype and conditions of national and
provincial roads are relatively high standard.
. Basic road network is formed.

Based on the above assessment, general'direction of road
network development of the Province will be as follpws:

(1> As provincial roads are guite scarbe, collector class
roads should be strengthened.

{2) Existing roads in the Northern area.where roads are
scarce should be improved to accepiable condition.

{3) Proper <coordination with private developers who are
constructing access roads to their subdivisions
should be maintained in order to establish systematic
road network.



PROPDSED MAJOR ROAD NETWORK
Procedure

To identify major roads, all existing roads are firstly

classified in accordance with the funectional road
classification c¢riteria which is shown in Table 2.,4-1.
Functional classification groups 7roads according io
importance and guality of services they are intended to
provide. Individual road links of similar importance and

quality of services are organized into systems so that a
road network in accordance with the hierarchy of functions
can be planned and formed. They can be efficiently managed
with consistent policies, design and operation.

After identification of exXisting major roads, necessity of
additional new 1links is assessed. For example, if a
certain municipal lown has no aceess, a new major road 1is
added to the existing major road network. Thus, the
initial major road network is proposed and subjected to
evaluation whether the proposed one is well-balanced or
not. Evaluation is made by two (2) indicators as follaows:

a) Network Value

Ny = 1.
Y PA

Where: Nv Network Value

L = Road length delineating a block
P = Population in a block

A = l.and Area in a block

Block= Area delineated by major roads

b} Accessibility

Accessibility AC = > pl
2 pl
Average Accessibility A ave = @ ~———---
P
Where
)¢] = Population of a Barangay
1 = Distance from a barangay center
to respective major road
P = Total population in a block

If indicators of some blocks show imbalanced value,
addiitions or deletions of major road links are made until
indicators show almost balanced values. After these
adjustment, the major road network is finally proposed.
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4.2

Proposed Major Road Network

The major road network for the Province of Rizal was

proposed as shown in Figure 2.4-1. For establishing the
major road netitwork, the following were taKken into

consideration:

Present network of mesh type was based to formulate
major road network.

., Existing national roads were mostly included in major
road network.

Although road network in the northern area is scarce,
no new link was considered necessary due to no
substantial concentration of population.

Network wvalue and accessibility of each block were
computed to evaluate whether the proposed major road
network is a balanced one. Based on these values, addition
or deletion of road links was made and finally the major
road network was proposed as shown in Figure 2.4-1.

Network value and accessibility of the proposed major road
network are presented in Table 2.4-2.

Proposed major road network has a total length of 208.3
Kilometers, all of which are national roads,

Table 2.4-2

NETWORK VALUE/ACCESSIBILITY
Province of Rizal

H i ! Road ! i iAveragel
iPopulation iland Area i{Length iNetwork iAccess iAccess, |
i {199G) i (km™2> | (km) i VYalue | (p.km) !} (km.) |
' 124,352 1| 80.92 i 43.9 1 0.438 { 35,663 | 0.287 |
; 48,371 | 182.77 + 83.8 { 0.891 { 3,388 { 0.070 1
' 47,228 | 14.51 | 10.6 i 0.405 | 65,214 1 .1.381 |
' 86,908 } 22.67 + 21.5 1 0.484 | 21,6865 | 0.249 |
i 7,021 | 68.49 | 26.4 | 1.204 1} o i 0 |
H 27,766 | 83.72 1 33.0 1 0.684 | 43,553 ! 1.569 |
- e HE i e j—————== }
} 56,941 | 75.55 { 36.5 1 0.b56 | 28,247 | 0,496 1
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CHAPTER 3
TRAFFIC

TRAFFIC SURVEY RESULTS

Roadside traffic count survey was conducted on selected

roads. Traffic counts were carried out on two (2)
consecutive days {for 12 hours from 6:00 AM to 6:00 PM each
day. Traffic volume was counted by direction and by

vehicle type every hour. The vehicle type was classified
as follows:

- Car

- Jeep

- Van

-~ - Jeepney _

~ Bus (mini bus & large bus)

- Truck (including trailer)

- Motor-trieyete

- Motorcycle

- Animal drawn

- Pedestrian

- Others

Figure 3.1-1 shows the location of traffic count stations.
Traffic survey resulls are summarized in Table 3.1-1.

Survey resulls were converted to Average Daily Traffic
(ADT) by using the hourly facters based on the data from
the Nationwide Traffic Counts Program (NTCP). <Considering
other factors such as market days, harvest season, rainy
season, eitc., AADT were estimated by vehicle type.
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3.2

3.2.1

TRAFFIC ANALYSIS AND FORECAST: TRAFFFIC PROJECTS.

Analysis of Present Traffic

1)

General Procedure

Present traffic on each major road network was
analyzed according to the procedure shown in Figure
3.2~1.

The analysis is divided into three major steps:

Step 1 : Analysis of Traffic Survey Resulis
The number of passengers and commodity
tonnage were obtained from the results of

the traffic survey. These data are,
however, available only on the surveyed

road links and used for calibration
purposes for the iraffic model described
below.

Step I1 : Analysis by Traffic Model

Traffic generation and altraction, in terms
of passengers and commodity tons, were
estimated based on population and per
capita traffic generation factors; traffic
distribution {GD distribution) was
estimated by the gravity model; then, OD
distribution wag assigned to the major road
network expressed by the node and link
system. In 1he analysis, since only
traffic generation factors were unknown,
assumed values were used in the first step.

Step 111 : Comparison of Both Figures

The number of passengers and commodity
tonnage estimated by the traffic model were
compared with those derived {from the
traffic survey. On the basis of the
comparisoen, traffic generation faclors were
appropriately adjusted and the traffic
model analysis was reiterated until the
traffic model reflected the actual people
and freight movemenls with a high accuracy.
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2) Analysis of Traffic Survey Results

Traffic volume by vehicle type counted in the traffic
survey was converted to number of passengers and
commodity tonnage using the occcupancy and average load
shown in Table 3.2-1.

Table 3.2~1 OCCUPANCY AND AVERAGE LOAD
Province of Rizal
Average Number of Average lLoad
Passenger per vehicle (ton per vehicle)

Car/Taxi 3.40 _ 1.00
Jeep 3.40 1.00
Van/Pickup 3.40 1.00
Jeepney 11.80 : 1.00
Bus 30.90 ' 1.00
Truck ' 4,00 4.00
Motor-triecyele ' 2.50 Q.30
Motorcycle 1.60 0.10
Animal Drawn 1.50 0.15

e e e m e s e e e e R EE L ET MR M R A ML MG e e wm e e em M R e T Wt e o W W MR MR G e b = e = e ey i am e A — v W e A R MY e e

3) Analysis by Traffic Model

i) Zonal Division:
The province was divided into traffic zones
corresponding to municipal divisions in principle.

ii) Major Road Network:
The major road network was expressed by a node and
link systemnm. Each. link was given length and
average speed according Lo the actual road
condition., A node and link system of the Province
is presented in Figure 3.2-2.

iii) Search for the Fastest Route:
The fastest route for each =zone pair vas
calculated by Moore's Method.

iv) Traffic Generation Factor:
Per capita traffic generation factors (trip/
person/day and ton/person/day) vary between zones
even in the same province with many factors such
as:

-  BEconomic Activity

-~ 8Size of Population

- Distance {rom Provincial Capital
- Road Condition :

- Other Physical Conditions
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The generation factors which best illustrate the observed
people and freight movement were estimated by the
iterative method. The traffic generation factors thus
estimated are summarized in Table 3.2-2,

TABLE 3.2-2 PER CAPITA TRAFFIC GENERATION FACTORS
(MAJOR ROAD, 1990 wW/0)
Province of Rizal

e e e M 4 i o e e e e e e e e e B e w W MS ML RA L 4 A S e wa A AR WA LM R me ma R M g el T e el e e ST RGBS me e S TR R M e i e o e o

Passenger Movement Commodity

(trip/person/day) {kg/person/day)
Range 0.117 - 9.780 15,3 - 101.9
Mean Value 0.364 47 .6

v) Traffic Generation and Attraction by Zone:
Traffic generation and atiraction were obtained in
terms of passengers and commodity tonnage as the
product by generation factors.

vi}) Traffic Distribution:

Traffic distribution {OD distribution? was
estimated by the gravity model:

Gi.A)
Xij = k
) 2
1iJ
Where, Xij = Traffic fram zone i to zone j
k = Parameter
Gi = Traffic generation in zone i
Aj = Traffic attraction in zone j
tij = Travel time from zone i to zZone j

along the fastest route

0D distribution wag adjusted 50 as to satisfy the
following conditions by the Frator Method:

) n
G= 37X
j+1
. n
A= T Xj
i+1
Where, n = Number of 2zones



2.2

viiy Traffic Assignment:

Each ©b traffic was assigned to the major road
network expressed by the node and link system on
an all-or-nothing - basis. Thus, the number of
passengers and commodity tonnage for each 1link
were calculated.

Traffic Forecast

Figure 3.2-3 illusirates the procedure of traffic
forecast.

The traffic model prepared for the analysis of present
traffic was basically used for forecasting future traffic
on the major road network with the following additions/
modifications:

1) Maior Boad Network and Fastest Route Search

The node and link system for the "with" case was
prepared by changing the characteristics of the links
included under this feasibility study as well as the
links committed to be improved.

The fastest route search was carried out both in the
"w/0" and "with" case networks.

2) Traffic Generation/Attraction and Distribution

The future population was based on the NC50 1980
Census of Population and Housing.

Per <capita traffic generation factors in the "with"
case were eslimaled referring to the generated
transport demand/transport cost reduction elasticity
shown in "Highway Flanning Manual, Volume 3, MPWH" and
also based on the results of the analysis of presgsent
traffic. For instance, a zone showing a small
generation factor at present due to poor road
conditions is expected to increase the factor to some
extent by reocad improvement, and the degree 0f increase
can be estimated referring to other zones in similar
situations but with better road conditions.
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The ‘traffic egeneration factors thus estimated are
summarized in Table 3.2-3.

TABLE 3.2-3 PER CAPITA TRAFFIC GENERATION FACTORS

Range
Mean Value

3)

(MAJOR ROAD, 1990 WITH)
Province of Rizal

Passenger Movement Commodity
(trip/person/day) {kg/person/day)
0.117 - 0.780 15.3 - 101.9
0.364 47,6

The transition peried, i.e., the period which will
elapse after opening of the improved road before the
full impact on generalion will take place, was assumed
to be three years.

Traffic distribution for the "with" case was estimated

by the same method as used in the analysis of present
traffic.

Traffic Assignment

The number of passengers and commodity tonnage on each
link in the "with" case was estimated by assigning OD
iraffic to the major road network in the "with" case.
They were converted to the number of vehicles wusing
the modal disiribution in the "with" case. Changes in
modal distribution with changes in road condition were
estimated reffering to the preseni distribution in
other road links in a similar situation but in the
road condition. The transition period of a complete
change in modal distribution was assumed to be Lhree
years.

The traffic in the "with" case was broken down inlo
following {four categories {for convenience of traffic
benefit estimation:

Normal Traffic: Flow of passengers and freight
which will occur evepn without road
improvement. However, changes in
the number of vehicles is possible
due to changes in modal
distribution.

3 - 1



Diverted Traffic-1: Traffic which diveris to a certain
road from other routes as a
consequence of road improvement.
This is usually called simply
diverted traffic. :

Diverted Traffic-2: Traffic which changes destination
as a  consequence of road
improvement but for the same trip
purpose as in the "w/o" case.
This is possible in the case of
improvement. of the access road to
the nearest town which is at
present barely accessible due to
poor conditions. Thig traffic is
called "piverted Traffic-2" in
this Study, distinguished from
Diverted Traffic-1.

Generated Traffic: Increased traffic brought about by
road improvement.
Estimated Present and Future Traffic
Estimated present and future traffic on the major road is

illustrated in Figure 3.2-4 and Figure 3.2-56,
respectively.

Estimated present and future movements of passengers and
commedity by 1link are presented in Table 3.2-4, and
estimated traffic volumes are presented in Table 3.2-5.

3 - 12
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.3 TRAFFIC ANALYSIS AND FORECAST: DEVELOPMENT PROJECT
Traffic on development project roads was forecasted
separately for passenger traffic, non-agricultural traffic
and agricultural traffic. The number of passengers and
commodity tonnage were estimated first, and then they were
converted to the number of vehicles assuming modal
distribution and occupancy/average load. Figure 3.3.-1
shows 1ihe schematic diagram of traffic f{forecast for
development project.
.3.1 Passenger Traffic and Non-Agricultural Traffic
The population residing within the road influence area,
which is defined as the area from which local existing or
potential traffic using the road derives, was obtained
mainly {from distribution of barangays shown in 1:50,000
topographical maps and the NCSO 1980 Census of Population
and Housing, and supplemented by information obtained from
barangay interviews. The population forecasts were
prepared using the NCSO report.
The number of passengers and non-agricultural commoditly
tonnage were obtained as the product of population by the
per capita. generation {factor. Table 3.3-1 shows the
generation factors commodity used in the analysis, which
was derived mainly based on the traffic survey and
referring to previous siudies. In the case of particular
roads where the common values were deemed inapplicale,
specific values were used,
TABLE 3.3-1 PER CAPITA TRAFFIC GENERATION FACTORS
{MINOR ROAD) : Province of Rizal
Existing Passenger Movement Non-Agricultural
Road Condition {(trip/person/day) Commodity
(kg/person/day)
w/o with w/0 with
Paved/Gravel
Good/Fair 0.30 0.30 6,0 6.0
Bad 0.25 0.28 4.8 5.4
Very Bad 0.20 0.28 1.8 3.0
Earth Road 0.15 0.28 1.5 3.0
Impassable to
motoried vehicle 0.03 .10 1.2 3.0

e e e o e e e WA AL At e e oo A TR W M e mm e e e e e e mm e e T— e PR e e e i R o . — T = A am e —

The modal distribution and the occupancy/average load used
in the conversion to traffie volume by vehicle lype were
estimated individually for each road based on the road
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SOCIO-ECONOMIC SURVEY

POPULATION AGRIGULTURAL DATA
WITHIN R1A * CROP AREA
° AVERAGE YIELD
(ROAD INFLUENGCE AREA) W0 AND WTTH
k-4
AGRICULTURAL
PRODUCTION
WITHIN RIA,
W/0 AND WITH
TRAFFIC
GENERATION
o=
FACTOR |
W70 AND WITH
SURPLUS / DEFICIT
ANALYSIS
W/0 AND WITH
ind GRAIN
ot MILL
k4 L 3 . v AVAILA-
a BILITY
NUMBER OF RON=-ABRICULTURAL AGRICULTURAL
PASSENGERS COMMODITY COMMODITY
'
WITH TONNASE, TONNAGE
W/0 AND W/0 AND WITH W0 AND WITH
MonaL,
DISTRIBUTION
BY TYPE &
OF TRAFFIC
W/0 AND WITH
¥

TRAFFIC VOLUME BY
VEHICLE TYPE, W/0 AND WITH

FIGURE 3.3-1
PROCEDURE OF TRAFFIC FORECAST
FOR DEVELOPMENT PROJECTS
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3.3.2

3.3.3

inventory survey and the traffic survey.
Agricultural Traffic:

aAgricultural commodity tonnage was estimated based on the
agricultural production within the road influence area,
taking into consideration i) home consuption and surplus/
deficit and ii) availability of grain mill{s) in the road
influence area, as regards food grain.

i} Home consumption of food zrain was calculated as
population times per capita grain consumption (assumed
to be 130 kg in a milled form), and the surplus or
deficit production was calculated based thereupon.

ii) In case of no mill in the road influence area, all
net production is assumed to move out in the form of
palay/unmilled corn. Milled grain products for home
comsumption are then transported back. An eventual
deficit moves into the road influence area in the form
of milled products.

Provided one or more mills exist in the road influence
area, the transport flows are assumed as follows:

-~ Home consumption remains in the road influence
area (no transport movement assumed).

- Surplus production would be transported out,
traditionally in the form of unmilled food
grains. '

- Deficit production would be moved into the road
influence area in milled form.

Agricultural commodity tonnage was cnverted to number
of vehicles using the modal distribution and average
load, which were estimated individually for each road
considering the transport circumstances.

Estimated Present and Future Traffic

Estimated present and future traffic is presented in Table
3.4-1 in the next Section.
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SUMMARY OF TRAFFIC VOLUME ON STUDIED ROADS

Estimated present and {future traffic volumes of the
studied roads comprising of traffic and development
projects are presented by each road project in Table
3.4-1. .
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CHAPTER 4
PROJECT IDENTIFICATION AND SCREENING

PROJECT IDENTIFICATION

4.1
4.1.1 Field Surveys
Field survey was conducted by the Study Team to assess
present c¢ondition of  all major roads and some other
typical minor roads (these are referred to as "Surveyed
Roads" ).
Road projects (mostly minor foads) proposed by the local
officials were also collected and road conditions of these
roads were obtained by the interview survey (these are
referred to as " Road Projects proposed by local
officialg™).
Road projects surveyed by the Study Team and proposed by
the local officials were combined and integrated, because
some road projects were both surveyed by the Study Team
and also proposed by the local officials, and a 1list of
Studied Roads was prepared.
Summaries of "Surveyed Roads", "Read Projects proposed by
Local officials "and" Studied Roads" are shown in Table
4,1-1.
TABLE 4.1-1 SUMMARY OF SURVEYED ROADS
Road Projects Proposed by Local Officials and Studied Roads
Province of Rizal
Road National Prov'1/City Barangay
Class Roads Roads Roads Total
Surveyed Major Rd. 194,3 - - - 1394.3
Road Minor Rd 34.9 40,8 - 5.7
Total 299.2 40.8 - 270.0
Rd. Proj, Major Rd. 86.6 - - 86.6
Proposed by Minor Rd. 23.7 16.5 126 .6 166.8
Local
Officials Total 110.3 16.5 126.6 263.4
Studied Major Rd. 208.3 - - 208.3
Road Minor Rd 34.9 40.8 126.6 202.3
Total 243.2 40. 8 126.6 410.6



4.1.2

Project Identification

1) Project Identification Criteria

Project identification criteria are shown in Table 4.1-2,

TABLE 4.1~-2 PROJECT IDENTIFICATION CRITERIA

[tem 0 o e e e e e e e e
H Major Roads : Minor Roads
(1) Existing Links : :
* Carriageway Width : Less than 6.0 meter : Less than 4.0
: : meters

# Pavement Type

% Surface Condition

: Inferior to recommen-: Inferior to
: ded type in the engi-: gravel
> neering Standards :

Bad or very bad 1/ :Bad or very bad?2/

(2) New Links : Impassable

. Abandoned
: Non-existing

(3) Bridges

: Ford crossing : Ford crossing

v Spillway : Spillway in

. Timber bridge : structurally un-
: . sound condition
: Bailey bridge : Bailey bridge

: : for AADT more

: : than 300

2/

Gravel road which is proposed for improvement by local
officials shall be identified, even - though surface
condition is “fair".

Gravel road of which surface condition is "fair™ shall

be identified, as ihe surface condition of gravel
minor roads is easily deteriorated.

j-2



2) Identified Road Projects

All studied Roads, except those of the national primary
roads and committed roads, were evaluated in accordance
with the identification criteria. Road projects identified
are summarized in Table 4.1-3.

TABLE 4.1-3 SUMMARY OF IDENTIFIED ROAD PROJECTS
Province of Rizal

National Prov*1/City Barangay

Road Class Road Road Road Total
Major ¢ Length (kms.) 119.5 - 7 - 119.5
Road s (% to Studied
: Roads) (57%) - - {(b72)
Minor ¢ Length (Kms.) 22.2 36.8 126.6 185.6
Road : (% to Studied .
Roads? (64%) (902 (100x%) (922)
Total : Length (kms.) 141.7 36.8 126.6 305.1
v (% to Studied _
Roads) (58%)> {90%) {100%) (74%)

B i T T T i e T T I T —
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.2.1

PROJECT SCREENING
Categorization

Road pfojects are categorized by the following factors in
order to establish comprehensive prioritization criteria:

(1) Class of Roads

Major Roads Minor Roads
% Primary major roads xMational/provincial/eity
roads
* Secondary major roads "% Barangay roads

(2) Urgency of work

Improvement criteria for roads and bridges are
established as shown in Tables 4.2-1 and 4.2-2,
respectively. Improvement works are classified into
five (5) types as shown in Table 4.2-3. 1n view of the
urgency of work to be implemented, the types of
improvement are grouped into two (2) as follows:

Type A (Urgent Projects)

# Rehabilitation: Improvement of deteriorated road
surface, but standard or superior
class pavement, to acceptable

condition.
* Improvement -1: Improvement of deteriorated road

surface and substandard class
pavement, to acceptable and standard
pavement.

% New Construction:Construction of new read including
re-construction of abandoned road.
Type B (lLess Urgent Projects)

¥ Improvement -2: Upgrading of substandard pavement
class +to standard pavement class,

though existing road surface
condition is acceptable.
* Widening : Widening of roads with substandard

carriageway wWidth, other conditions
meet engineering standards.

Note: Hoad projects which include only improvemeni of
bridges are classified as "Rehabilitation™.

1 -4



(3) Econemic Viability

Major Roads

Simplified economic evaluatjon is conducted for major
roads. Internal Rate of Return (IRR)Y 1is calculated

based on roughly estimated construction cost and
traffic cost savings. Categorization 1is made as
follows:

Improvment Type Al

% IRR of 7.5% or more
% IRR of less than 7.56%

Improfement Type B:

* TRR of 15% or more
% IRR of less than 15.0%

Minor Roads

Minor road Pre-evaluation Indicator (MPI) is develaped
based on Phase-1 Study results. Categorization of
minor roads is made based on <calculated MPI as
“"follows:

* MPI of 7.5 or more
* MPI of less than 7.5

TABLE 4.2-1 IMPROVEMENT CRITERIA FOR ROAD

o B b e v o A e vy e W R Al i e e W ERL R RS R b b T = e e e e w e e e e e e PR AR U AL R e S e ma e . Am A o ——— —

Class - mmmm o m e e e
: Standard/ ¢ Substandard : Standard/ : Substandard
: Superior : T Superior @
‘No improvement:Upgrading of :
Good/Fair or ‘pavement - type :No improve-:No improve-
widening r{improvement- : ment H ment
(widening) : 2) ' :
:1mprovem§nt of:Upgrading of :lmprovement:Upgrading of
Bad/Very :surface condi-:pavement type :surface con: pavement
bad : tion :{improvement~ :(Hehabilita: type
(Rehabhilita~ : 1) . tion) . (Improve-
tion) ' v : ment-1)
Abandoned/ Consiruction of new road
Non-existing (New Construction}

Note: 1) In case of carriageway width less than 6.0 meters.



TABLE 4.2-2 IMPROVEMENT CRITERIA FOR BRIDGES

Existing : Proposed Improvement
Bridge T e e e oo
Type ! Major Road : Minor Road
Ford Crossing s 2-lane : Carriageway width 4.0 m:
: permanent : 1-lane gpillway
: bridge : Carriageway width 6.0 m:
: i 2~lane spiliway
Spillway : 2-lane ¢ No improvement
: permanent :
: bridge :
: 2~lane : AADT ltess than 200 1-Iane
: permanent : permanent
Timber Bridge : bridge : bridge
: ¢ AADT more than 200 2-lane
: : permanent
: : bridge
: 2-lane AADT less than 300 : No impro-
: permanent vement
Bailey Brridge : bridge ! AADT more than 300 Z2-lane
: : . permannet
: : bridge
Note: 1) Where the site condition s not favorable for a
spillway, a permanent bridge should be planned 1in
accordance with the criteria for a timber bridge.
2) When the existing spillway is structurally sound and

traffic disturbance is estimated less, the existing one
can be utilized. Under other conditions, a permanent
bridge should be planned in accordance with the criteria
for a timber bridge.

4 - 6



TABLE 4.2-3 TYPES OF IMPROVEMENT

Type : Existing v Existing Surface : Proposed'lmprovement
:Pavement Type ! Condition oo ' Work

Rehabi- : Standard or @ Bad/ : Improvement of
litation : superior : very bad - surface condition
Improve~ : Substandard : Bad/ ! Upgrading of surface
ment-1 : _ : very bad : type

Improve- : Substandard Good/Fair : Upgrading of surface
ment-2 : _ : type

Standard : Good/Fair T Widening of existing

Widening : (carriageway is narrowed than : road
' : standard) : :
New Construction Impassable/abandoned : Construction of new
: noh-existing : road



4.2.2 Prioritization and Selection Criteria

Prioritization and selection criteria of road projects for
feasibility studies are established as shown in Tables
4.2-4 and 4.2-5.

TABLE 4.2-4 PRIORITIZATION AND SELECTION OF ROAD PROJECTS
- Major Roads -

Category Road Type of IRR Pricrity Selection
Class Improvement Criferia Criteria
1 Primary A 7.5 = IRR T
2 Secondary A 7.5 = HH%J“ MA-1
3 Primary B 15.0 = 1RR To be
4 Secondary B 15.0 = IRR MA-2 selected
5 Primary A IRR < 7.5 for F/S
G Secondary A IRR < 7.5
7 Primary B IRR <15.0 MA-3
8 Secondary B IRR <<15.0 ]—

TABLE 4.2-5 PRIORITIZATION AND SELECTION OF ROAD PROJECTS
- Minor Roeads -

Category Road Type of MP 1 Priority Selection
Class Improvement Criteria Criteria
1 National/Provincial/ T
City A 7.5% MPI]- MI-1 To be
2 Barangay A 7.5 = MPI selected
for F/S
3 National/Provincial/ 4
City A MPI < 7.5 M1-2
4 Barangay A MPT << 7.5

Note: Improvement Type A: Rehabilitation, Improvement-1, New
Construction
Improvement Type B: Improvement-2, Widening



4.2.3 Priority of Identified Road Projectls
Identified projects were evaluated and prioritized in
accordance  with criteria discussed and summarized in
Tables 4.2-6 and 4.2-7.
TABLE 4.2-6 PRIORITY OF IDENTIFIED MAJOR ROADS
Province of Rizal
Category Road Type of IRR Priority Road No, of
Class Improvement Group Length Road
: Links
1 Primary A 7.5 = IRR MA-1 9,0 2
2 Secondary A ;7'5 < IRR MaA-1 73.6 10
3 Primary B 15.0 £ I1RR MA-2 - -
4 Secondary B 15.0 5 IRR MA-2 - -
b Primary A IRRC7.5 MA-2 - -
6 Secondary A IRR<7.5 MA-2 34.9 1
7 Primary B IRE<15.0 MA-3 - -
8 Secondary B IRR<15.0Q MA-3 2.0 1
Total 119.5 14
Table 4.2-7 PﬁIORITY OF IDENTIFIED MINOR ROADS
Province of Rizal
Category Road Type of MP1 Priority Road No, of
Class Improvement Group Length Hd.Links
1 Nat'l/Provi/ A 7.5 < MPI MI-1 30.7 g
City
2 Barangay A 7.5 < MPI Mi-1 29.1 ]
3 Nat'l/Provi/ A MPI < 7.5 MI-2 28.3 4
4 Barangay A MPI < 7.5 MI-2 97.5 15
Total 185.6 23



2.

Seleétion of Road Projects For Feasibility Studies

In- accordance with selection criteria discussed above,
road projects under priority groups MA-1 and MA-2 for
major roadsg and priority groups MI-1 for minor roads were
initially selected, and these were plotted on 1:100,000
map to evaluate the following:

Digtribution of initially selected road projects (when
these are concentrated in certain area, some minor
roads were deleted, and where road projectis are scarce,
some minor roads were added.)

. Linkage of road projects
{There is a case that a selected lower class road is
conhected with a higher class road, however, the latter
is not selected due to lower priority. Such a case, a
higher class road is also selected to maintain similar
condition of road after implementation.)

After adjusitment mentioned above, road projects were
finally selected and summarized as follows:

Major Road ........¢..vveevve.. 111.5 kms. ( 12 projects)
Minor Road ............ e 67.3 kms. ( 14 projecis)

Total 178.8 kms. ( 26 projects)
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CHARTER &
PROJECT EVALUATION

5.1. PRELIMINARY DESIGN AND COST ESTIMATE

5.1.1 Preliminary Design

1)

2)

Design Cancept
There are two options in design concept for rural road
improvement, as {cllows

* Designing rural roads with optimum standards

aimed at improving all aspecls including
horizoental and vertical alignmentis, which
sometimes require massive earth works and is
costly. '

¥ Designing = rural roads by bagsically
concenlraling vn improving surface condilions,
thus improving horizontal and vertical

alignments is limited to the reguired minimum.

Rural roads are extensive in Lhe number of road 1links
as well as in length, and their present conditions are
still at a poor level. Thus, reguirements for rural
road improvement are guite huge, while financial
resources are limited. Under lhese circumsiances, Llhe
Study Team placed priorily on improving surface
conditions of more roads. The preliminary design was
undertaken in line with the concept of the second
option.

Preliminary Design

On the basis of the findings of the road inventory
survey, the type of improvement was determined for
each subseclion of road in accordance with the
engincering standards and the improvement criteria.

Typical road sections for each type of
imprevement/rehabilitalion are summarized as shown in
Table 5.1-1.

Special considerations were given Lo sleep gradient
sections and flood section.

"PCC pavement for steep gradient section” was applied
to seclions with steep gradients where otherwise
gravel surfacing might be applied, as a countermeasure
against excessive gravel losses during heavy rains and
impossibilily for wvehicles Lo c¢limb. "Grade raising
in flood area", was applied to sections located in
floud areas.

Table 5.1-2 shows Lhe proposed improvement fouor each
road project subjected to the feasibility study.
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5.

1.2

Cost Estimate

1)

2)

Unit Cost

Unit prices for construction equipment, malerjals and
labol’ were oblained from Asgssocialed Construction
Equipment Lessors, Inc. (ACEL), the Price Monitoring
Section of DPWH, market price survey by the Study Team
and relevant sludies. Based on the data collected,
unit prices at April 1990 prices were developed,.
Exchange rates used were : P22.50 = US$1.00 = Y155.

Unit costs for major construction items are presented
in Table 5.1-3,

Constiruction Cost Estimate

Based on the resulils of the rvead invenlory survey and
proposed type of improvement, the guantity of each
construction item was computed for each road project.
Then the constuction cost was estimated. :

Table 5.1-4 presents estimated guantities and
construction cost of each rovad project.



TABLE §.1-3 UNIT COST OF MAJOR CONSTRUCTION 1TEMS

Unil: Pesus at April

1990 P'ricesg

118-3
118-4

200 -
300
302
303
306
310
314
316-1
316-2
316-3
413~1
413-2
500
517

Ciearing nad Grubbing

Stripping

Roadway and Drainage Excavation
Borrow

Aggregate Subbase

Preparatioen Of Previously
Constructed Road (Gravel)
Preparation Of Previously
Constiructed Road {(Asphaltl)
Preparation of Existing

Pavemen! Surface (PCC)

Preparation of Existing

Pavement Surface (AC)

Crushed Aggregate Base Course
Crushed Aggregate Surface Course
Bituminous Prime Coal

Bituminous Tactl €Coat

Bituminous Macadam Pavement
Bituminous Cuncrete Surface Cnurse
Double Bilumineus Surface Trealmenld

PCC Pavement (t = 23cm)
PCC Pavement (i = 20cm)
PCC Pavement (1t = 18cm)

RCPC (¢ 910mm)
Headwal T for RCPC (4 910mm)
Grouled Riprap
Side Ditch {(Grouted Riprap)

MT

.

17.

306.
305.
11,100,
11,500,
95.
1,350,
45,
3z20.
280,
250,
1,550,

2,900

625.

360.

.10
.00
.00
.00
.00
.00

00

.50

00

Q0
00
00
0Q
00
00
0o

2-lane Superslructure
Abutment for 2-lane bridge
Pier for 2-lane bridge
l1-lane Superstructure
Abuiment for 1-lane bridge
Pier for l-lane bridge

43,500,
330,000,
285, 000.

32,000,

230,000

200,000,

Concrete Box Culvert

1-Cell RCBC

2-Cell RCBC

Wing wall and Apron [for 1-Cell RCBC
Wing wall and Apron for 2-Cell RCBC

20,600.
36,000.
132,000.
166,000,

2-lane Spillway
1-lane Spillway

16,500.
12,000,

Slope Protection Cost

Cut Slope Protection
Embankment Slope Protection

23,000,
25,000,

[
1
oo
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5.1.3 Summary of Preliminary Design

Resulls of preliminary design were summarized in
Tables &.1-5 and 5.1-6 for maijor and minor voads,

respectively.

TABLE 5.1-5 SUMMARY OF PRELIMINARY DESIGN :
Province of Rizal
~ Major Roads -

Rehabilitation/  Improvement-2/ New Total

improvement - 1 Widening Const

Primary Major Roads

“ 1. No. 0f Links 2 - -
2. Total Lepgth (km) 8.2 - -
3. Improvement Length (km) 4.4 - -
4. Construction Cost (million P) 6.5 - -
5. Const. Cost/Imp. Length (MP/km) 1.48 - -

Secondary Malor Roads
1. No. of Links 10 - -
2, Total Length (km) 103.3 - -
3. Improvement Length (km) 70.5 - -
4. Construction Cost (million P) 133.9 - -
6., Consi. Cost/Imp. Lengith (MP/Km) 1.90 - -

Major Roads Total

1. Ne. of Links 12 - -
2. Total Length (km) 111.5 - -
3. Improvement Length (km) 74.9 - -
4, Constiruction Cost {(million P) 140. 4 - -
5. Const. Cost/imp. Length (MP/km) 1.87 - -

5 - 12
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TABLE 5.1-6 SUMMARY OF PRELIMINARY DESIGN
Province of Rizal
- Minor Roads -

e mm e AR NA L TR EE Fu AR G me LR AL O T A e We M Ra Cr e W e T M MW R e e R R R A LR M MR e e e M M e KR (46 WA e e A Ny P wm ma RN R e Ve mn mm

Rehabilitation/ New Total
Improvement-18&2/ Construction
Widening
Minor Roads {(National/
Provinecial/City)
1. No. of Links 8 8
2. Total Lengih (km) 4.7 34.7
3. Improvement Length (km) 26.2 26.2
4. Consgtruction Cost
(million P) 40.5 40.5
5. Const. Cost/Imp. Length
(MP/km) 1.55 1.55
Minor Roads (Barangay)
1. No. of Links G 6
2. Total Length (km) 32.6 32.6
3. Improvement Length (km) 30.56 30.5
4., Construction Cost
{million P) 40.0 40.0
5. Const, Cost/Imp. Length
{MP/Xm) 1.31 1.31
Minor Roads Total
1. No. of Links 14 14
2. Total Length (Xxm) 67.3 67.3
3. Improvement Length (Kkm) 56.7 56.7
4. Construection Cost (million P) 80.5 B0.5
5. Const. Cost/1mp. Length (MP/km) 1.42 1.42

3 - 13



5.2

5.2.1

5.2.2

ECONOMIC EVALUATION

Basic Assumptions

The commonly used cosl-benelit analysis was applied under

Lthe following basic¢ assumplions:
i) Analfsis Pefiod
1§91 -~ Detailed design
1592 - Constiruction
1993
~Project life (25 years)
2017-Y
11) Discouwnt Rate: 15% pa
jit) Quantified Cost

Initial conslruclion/improvemenl coslts
Periodic maintenance coslts

vy Quantified Benefil

Traffic benefit

Developmen! benefit (only for development projects)

Maintenance coslt savings

The pericdic mainlenance costis, or rehabilitation c¢osts,
such as overlay, reconslruciion and vegravelling which
will be needed after completion of the project to prolong

the pavement life, were lreated as project cosls in

this

study, while the dif{ference belween routine maintenance

cosis and total maintenance ¢osis in the "w/0o"” case
taken into accounl as a projecti benefit. In the
where the routine maintenance cousts are higher ihan
"w/o" maintenance cosls, the difference is considered
negative benefit.

Economic Cusls
1) Initial Consiruction/Improvemenl Cosls

The cunsiruclion custs discussed in Section L.2.1
the financial custs and do not include the costs

detailed design and construction supervision. In
cost-benefit analysis, lhe following economic cost
used:

Construclion Cosl 100

-Tax ~156%

+Delailed Design Coslt 4%

#Construclion_Supervigion Cost 6%

Taoalal Economic Cost 95%

5 - 14
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In the cost-beneiit strecam, 4% for detailed design
cost was agsumed to be spent in 1991 and the remaining
91% in 1992,

Periodice Mainlenance Cosls

Periodic maintenance, ol rehabilitation,. will be
necessary when the riding: gquality eof a pavement
decreases to a certain minimum level of acceptability.
Table 5.2-1 shows the perioedic majnienance assumed in
this Study.

TABLE 5.2-1 PERIODIC MAINTENANCE COST ASSUMED 1IN THE ANALYSIS
1)
Periodic Financial Fconomic
Surface Maintenance Timing Cost Cost
Type Work {(million®B/Km)
When thickness of 4.0 m
gravel is reduced by Gravel:
Gravel 10cm 10cm, assuming 1.6cm P 0.210 M 85% of
Regravelling loss annually from 6.0 m Cosl
rainfall and 1.5cm. Gravel:
loss every 100,000
vehicles B 0,320 M
(2-06 years)
WYhen pavement
) serviceabilily EF 0.830 M 85% of
BMP 5.5¢cm decreases Lo 2.0, Cost
BMP Overlay ° assuming 85,000 ESAL
. or 350,000 vehicle
repetilions
(4-10 vears)
“hen pavemenl service-
abilily decreases tio P 1.170 M 85% of
AC 5 ¢m 2.0, assuming 800,000 Costi
AC Overlay ESAL or 2,300,000 vehicle
repetitions
(8-20 years)
When pavement service-
ability decreases lo P 1.200 M 85% of
PCC 5 cm 2.0, assuming 2,000,000 Cost

AC Overlay ESAL or 5,700,000
vehicle repetitions

(10-25 vears)

Nole: 1) As of April

1990

5-15
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2.3

Benefits

1)

Traffic Benefils

a)d

Traffic Cust

Basic Traffic Costs

The basic traffic costs were provided by PMO-FS,
as shown in Table 5.2-2.

TABLE 5.2-2 BASIC TRAFFIC COSTS EXCLUDING TAX
(A5 OF DECEMBER 1989)

Running Cost IFixed Cosl Time Cost

(P/km) (P/hour) (P/hour)

Car/Van 1.75 6.30 17.70

Jeepney 1.12 23.796 26.40

Bus ‘ 2.81 35,064 95,04
Truck 3.48 38.88 0

Motor-
tricycle 0.36 §.76 4,98
Motorcycele .31 0.72 8.34

Actlual Traffic Costs

The actual traffic custs were estimated according
to the dl-system concerning running cosls and the
di-sysiem with regard o fixed and time c¢osls.
The dl-values and operating speed for different
surface conditions are shown in Tables 5.2-3 and
5.2-4, respectively.

Surface Type )
Surface PCC/AC  BMP/DBST Gravel Eartih
Cendilion

Good ( 0.14 0.29 -
Fair .17 0.38 0.60 -
Bad .43 0.065 0.87 1.20
Very Bad .89 1.04 1.20 1.56
Impassable 1.73 1.73 1.73 1.73

5 - 16



TABLE 5.2-4 OPERATING SPEED IN KM/HOUR

Surface Type

Surface PCC/AC BMP/DBST Gravel  Earth
Conditian OV ThH MC OV TR MC OV TR MC OV TR MC
Good 65 40 60 63 38 55 60 35 50 - - -
Fair 55 35 50 53 33 45 50 30 40 - -
Bad 30 20 20 30 20 20 30 20 20 20 10 10
Very Bad 20 10 10 20 10 10 20 10 10 10 &5 B
Impassable 10 5§ 5 10 b 510 b6 5 10 & -5
Note: OV Car/Jeepney/Bus/TrucR

Animal Drawn

TR
MC

Motor-iricyele
Motoreycle

[ {1

Traffic Costs of Otlher Transport Modes

In addition to the land-~based molorized vehicles,
the traffic¢ ¢osts of olher modes were eslimated as
shown in Table 5.2-5.

TABLE 5.2-5 TRAFFIC COST 0l OTHER MODES
{COMMON TO ALL SURFACE TYPES AND
CONDITIONS)

Mode Tra{fic Coust in P/Em
4.0
Valking (head loading) 1.2
2.25

Banca Boat

Traffic Benefits in Traffic Projects

Traffi¢ on Lhe project roads wwas broken down into
four categories: normal traffic, diverted traffic-
1, diverted traffic-2 and generaled traffic.

The traffic benelits were estimated as follows:

i} Normal : Difference in traffic costs
Traffic betweeon "w/o and “"with"
cases. The change in traffic

costs results not only  from

the improvement of surface

lype and condition but also

from consequent change in

modal dislribulion.

5 - 11
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ii) Diverted : Difference between traffic costls
Traffic-1 along the "w/o0o" roule and those
_along the "with" route, ¥Where
diverted traffic passes through
two or more project roads, the
benefits were allocatled to each

recad in proportion to length.

iii) Diverted Traffic-2 and Generated Traffic:
Half of the difference in traffic
costs between "w/o'" and “with"
cases. This is the commonly used
approximation.

Traffic costs were calculated assuming the following
gurface conditions:

"W/0" Case : Present surface condition is maintained.
"with" Case: Gravel/BMP are maintained in a fair
condition.
AC/PCC are maintained in a good condition

¢) Traffic Behefits in Development Projects

No diverted traffic is expetcted in most
development projectis. The benefits from normal
traffic generated traffic were estimated in the
same way as used for the traffic projects paying
atteniion to the following:

i) The travel distance considered in the benefit
calceulation is the disirance {from the average
gEravity point of transport (gravity of
population for passenger traffic and non-

agricultural traffic and gravity of
agricultural production for agricultural
traffic) to the connecting point with a higher
road.

ii) The benefit from generated ‘agricul tural

traffic is not considered as a traffic benefit
because i1 is included in the development
benefit. Therefore, the generated traffic
benefits are only from passenger traffic and
nen-agricultural traffic.

Developmenl Benefits

Development benefits were assessed using the producer
surplus approach, under the hypothesis that
substantial road improvement which removesg congsiraintis
on development will permit and encourage farmers 1o
adopt modern agricultural techniques and inputs. The
development benefit consists of the difference in the

5 - 18



net wvalue of total production (farmgate value less
production costs) between the "w/0" and "with" cases.
Changes in the volume and value of agricultural
production will be achieved by one or more af the
following:

i) Increase in cultivated area

ii)Y Increase in yield

iii) Increase in intensity of land use through
increasing the number of harvest or intercropping

iv) Changes in the type of crop .

Using the data obtained from the soclio-economic
survey, development benefits were calculated from the
following eguation:

Benefit = PRODW{(FGPw-CPw}~ (FGPw-CPw/0)

where, PRODw Production in metric toms, with

PRODw/0o= Production in metric tons, w/o

FGPw = Farmgatie price in pesos per metric ton,
with

CPw = Production cost in pesos per metric
toan, with :

CPw/0 = Production cost in pesos per metric
ton, w/o

The increase in farmgate price resulting from

reduction in traffic cost is not included in the
development benefits, because it is considered a part
of the traffic benefits.

Table 5.2-6 pfesents the summary of demographic and
agricultural data.
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3 Maintenance Cost Savings

The difference in maintenance costs between the “w/o"
and "with" cases is considered one of the Dbenefits.
Maintenance costs in the "w/o" case were estimated
based on the current EMK system, while maintenance
costs in the "with" case were estimated as shown in b)
below. It is noted that periodic maintenance cost in
the "with" case is not included in the calculation of
maintenance cos! savings, because it is treated as a
vart of project cosis.

In the case where the routine maihtenance costs in the
"with" c¢ase are higher than the maintenance costs in

the "w/o" case (especially in the case of new
construction, the maintenance cost in the "w/o" case
in zeroc), the difference is considered as a negative
benefit).

a) Maintenance Cost in "w/o" Case

According Lo the current EMK syslem, the annual
maintenance cost per km was estimated as basic
maintenance cost of P17,143.00/km times the EMK
factor as shown in Table 5.2-7.

TABLE 5.2-7
EMK FACTOR FOR DIFFERENT SURFACING AND AADT

AADTI .
Surface | 25 50 75 100 150 200 300 400
Type t
Earth 10.35 1 0.40 §+ 0.50 | i H i i i !
Gravel 10.40 V 0.60 § 0.90 4 1.40 + 1.90 ¢ 2.20 t+ 2.40 | 2.50 | 2.60!
AADT
Surface i 400 600 1000 1500 2000 3000 5000 16000
Type i

Bi tuminous i
Gravel i

b)Y Routine Maintenance Cosis in "with'" Case
The costs deemed necessary to maintain the

improved roads in a fair condition were estimated
as shown in Table 5.2-8,
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TABLE 5.2-8
ESTIMATED ROUTINE MAINTENANCE COSTS

e e e e e e e e e e e N = e m AR WE e e o P G e e b e U e i RS M e B e A T B e S e me e M e e e e o e e M e e e

e . Pt 3 e ey e mm = mm m — m mn M e e AT WL SR R hm he hm e = B AR Gm kb e KD Akl M e S T M ke s o G e e he me e T TR TR e e e

Gravel

Vegetation Control
Ditch Cleaning
Grading

Pothole Repair

M ER e ML A s A EE Ll = e mes e e mm e e e e R AL AL L A AL At e K =n B ms e A T MR AL b R A% RS MM A W RE A AL AL B e e En e LU WL A Re e v e Rm Al e M

BMP

Vegetation Control
Ditch Cleaning
Shoulder Repair
Patching

Regravelling Shoulder

Annual Cost
(peso/km)
1,150
Gravel: 2,650 + 40 AADT
Gravel: 3,000 + 45 AADT
Gravel: 3,800 + 45 AADT
Gravel: 4,150 + 45 AADT
1,150
1,100
2,150
8,000 + 7.5 AADT
8,600

AC

Vegetation Control
Ditch Cleaning

Shoulder Repair

Crack and Joint Sealing
Regravelling Shoulder

PCC

Vegetation Control
Ditch Cleaning

Shoulder Repair

Crack and Joint Sealing
Regravelling Shoulder

- 22



2.4

Economic Evaluation

Resultis  of economic'évaluéiion are summarized in Table
5.2-9 and illustrated in Figure 5.2-1. Results

cconomic evaluation of each project road
Table 5.2-10,.

5 - 23
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