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PREFACE

In response to the request of the Government of the Re-
public of the Philippines, the Government of Japan decided to
conduct a feasibility study on the Philippine Road Disaster
Prevention Project Stage |1 which focused on the disaster spots
along the Maharlika Highway and main national roads around
Baguio City, and entrusted the study to the Japan International
Cooperation Agency {(JICA).

The feasibility study on Stage | was started in May 1983
and completed in June 1984 on the following three sections -
which claimed the highest priority, namely: i} Dalton Pass
section; ii} Mahaplag — Sogod section (both along the Mahariika
Highway]; and iii} Kennon Road.

_Based on the Stage | Study, the Stage !l Study has placed
priority on the following three sections namely: i) Lucena —
Calauag section, ii) Allen — Calbayog section (both along the
Maharlika Highway), and iii) Naguilian Road, and the JICA sent
to the Philippines a survey team headed by Mr. Tsuneo Bekki
from October 1984 to March 1985, '

The Teamn had a series of discussions on the project with

the officials concerned of the Government of the Philippines

"and conducted a field survey in the Philippines. After the return

of the team to Japan, further studies were made and the present
report has been prepared.

I hope that this report will serve for the development of
the Project and contribute to the promotion of friendly refa-
tions between our two countries.

| wish to express my deep appreciation to the officials
concerned of the Government of the Philippines for their
close coaperation extended to the Team.

July, 1985

‘ Joid Ao

Keisuke Arita
President
Japan International Cooperation Agency
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INTRODUCTION
BACKGROUND

“The government of Republic of the Philippines (GOP) has long been emphasizing
the_develop'ment of trunk roads in view of their importance to the overall socio-
‘economic deveiopment program of the country. This has been manifested by the
present network which could now be cansidered as sufficient in extent and loca-
tion. Owing to the' efforts, a quantitative expansion of trunk roads has been
realized. Despite the achievements made, however, some of the most important
roads suffer many deficiencies including, among others, disasters due to slope
failures, fall, landslide, debris fiow, and the like, which impalr the efficiency of the
road transport system. Such disasters are eagerly desired to be resolved in order
“not to hamper the socio-economic activities in the country.

tn the recognition to the importance of road disaster prevention, GOP has planned
the formulation of a fong term program for which the Government of Japan (GOJ)
through the Japan International Cooperation Agency (JICA) provided technical
assistance in the formulation of the same under the Feasibility Study of the Philip-
pine Road Disaster Prevention Project (Stage 1), hereinafter called as the Stage |
Study.

The Stage | Study which started in May 1983 and completed in June 1984, was im-
plemented in two phases; Phase !, was focused in the identification of disaster
spots.and prioritization of disaster sections along four national roads namely:

i) Maha'rlika Highway (Luzon and Samar, Leyte section only); ii) Kennon Road;
iif) Agoo-Baguio City Road; iv) Naguiiian Road. On the basis of .the prioritized
sections, Phase |} was conducted for the feasibility studies of only three specific
sections under category A namely; i} Dalton Pass section; ii) Mahaplag-Sogod
section (both along the Maharlika Highway); and iii) Kennon Road.

Drawn from the experience and the results and recommendations from the Stage |
Study, the seriousness of the related. problems have been exempiified and their
immediate solutions emphasized so that further deterioration and/or eventual
disaster in theseé sections could be avoided. On this. premise, therefore, the
Government of the Philippines is more than ever determined to pursue the imple-
mentation of the initial road disaster prevention program and at the same continue
~ further In the conduct of feasibility studies for the other identified disaster poten-
tial sections along the above mentioned road network.



Thus, the GOP has requested the GOJ to provide technical aselstance for the
conduct of. “the Phllippine. Road Dfsaster Prevention Project (Stage H)’ herein-.
after referred to as *‘the Study“ which aims to undertake feae!bl!tty studies of the
specific remaining sections of the above. mentioned road network In. resppnse to _
this request the GOJ determmed to prov:de technlcel ass!stance through the

CJICA,

"The |mplementing arrangement for the satd technlcat assistance was etgned in
August 1984 between the JICA and the GOP represented by the Mtnistry of Public

© Works and Htghwaye (MPWH) as the Imp!ementmg agency The Study etarted in
' October 1984 and cempleted m June 1985 RN o _ o

- OBJEGTIVES OF THE STUDY

The ob;ect:ves of the Study are to R : -
1)  Assess the disester petentlal and recommend countermeasuree elong the rele—

- vant prcuect roadsi sectlons _
2. Prepare a program for tmpiementatten for the d:saotere prevent:on -
_ 3) Deve!cp techmques of read dlsaeter prevent:on ' S :

. ':PROJECT ROADISECTIONS T

1) Lucena Calauag Sectlon(Fteglon V)
2) A!Ien—-—Ca!bayog Section (Reglon VIII) '
3) Nagulllan Ftoad (Fteglon ) ' '

. SCOPEOFTHESTUDY :

"%ubject to the Study are siope fattures rock fails, tandshdes debns ﬂow sceurmge
and other dtsasters on the sald roadslsectlone Large scale riparian and sabo WOrks
are exciuded . : _ _

REPORTS-
The toi!pwmg reports were prepared durang the Study
ENCEF’TION REPORT

lNTEHIM REPORT.
DHAFT FINAL REPORT



The Final Fieport was developed based on the GOP’s comments on the draft final
report and. presented in four (4) volumes as follows;

VOLUME | : - EXECUTIVE SUMMARY
~ VOLUME - : TEXT
-VOLUME 11! . APPENDIX

. VOLUME IV . : DRAWINGS

The Study was carried out jointly by a team composed of seven JICA experts and a
" group of GOP- counterparts and support staff. Technical guidance in the conduct of

. the Study was prov!ded thru. periodlc review by the Steering Committes of the -

-Philippines and the Advisory Committee of Japan, both were especiaily created to
. oversee the overali implementation of the Study.












FINDINGS AND RECOMMENDATIONS
IMPORTANCE OF ROAD DISASTER PREVENTION

The overall transport system of the country is highly dependent upon' road trans-
port which Is at: present catering for 97 percent of intra-istand passenger and 60
percent of commodlty transport demand. However, the efficiency of the system
particularly. wsth th_e role of the trunk roads is interfered due to road disasters,
among others, causing substantial detrimental impacts upon the economic and
soclo activities of the nation. '

The present restoratioh work of road damage caused by disasters is no more than a
stopgap measure. If potential disaster spots are left alone without appropriate
d|saster prevention measures, the scope of potentlal disaster will be aggravated
and some road sections are lable to be completely destroyed beyond economic res-
toration measures before long, resulting in necessitating huge government ex-
penditures.

'Measures to prevent disaster damage on trunk roads are, therefore, of a vital and
urgent issue in view of the above.

PROMOTION OF ROAD DiSASTER PREVENTION PROJECT

The existmg trunk roads as deve!oped have not been provided, if at ail, significant
protection against dlsasters where these are required. Due to the susceptivity of
the roads to disasters and in view of stern natural environment of the country, even
the Maharlika H:ghway which is considered the most important trunk road has
often been closed in many sections due to disasters and which have impaired the

~ efficiency of the system during these periods. -

Road disaster prevention project can secure the functions of these important roads
by improving their reliability to the users. Such project will result in the ensurance
against road closures with reasonable investments, which realizing the maximum
effect of the huge amount of road development funds that have already been in-
vaested, '

In this \iiew, it 'is highly recommended that the road disaster prevention project
should be positively considered and actively implemented.



1.

BASIC m#onmmnon‘as'

_ LENGTH GF STUDY SECTIONS

Luoena-oafauag Alien~Ca!bayog NaguitlanRoad = Total
S _ Section - - Seolions o o o L
' Section Length (km.) 57 129 472 2158 .
NUMBER OF DESIGN DISASTER SPOTS R IERE
- Typeof Digaster -~ tucena-calauag Allen Caibayog Naguilian Road - Total o
L S Section -~ Section - :
Gut Slope Faflure - 1 1 g 7
Embankment Slope Failure - 1 2 S8 .8
Fall 4 9 5. - 18
Landslide = 1 - o T
Debris Flow S 2 e 2
Total 7 14 15 26
PROJECT COSTS S Uit Million Pesos
“Lucena-Calauag  Allen-Calbayog =~ NaguilianRoad - - - Total
o o Section Section - - S '
Detailed Foreign - - - — 297
Engineering = Local/Tax — - — - 1.60.
o . Total. - - - 457
§ .. Foreign’ 13.44 16.82 9.54 3080
3 Construction¥  Local/Tax . B8 17101 5.66 25,66
o | Total 22.33 27.83 16.20 65.36
3 Construction ~ Foreign — — — 297
g Supervision Local/Tax — — — 180
2 ' Total - - — — 457
' o _Foreign - — - — 4574
Total - Locall Tax R — —_ — -28.76
’ ‘Total - Lo — = T4.50
Detailed ‘Foreign' . — — — . 398
Engineering - LocallTax - — o — 2.97
. Total - - - 695
& - Foreign - 1088 - 25.01 1419 53.17
8 Construction  Local/ Tax 18.53 295 1,79 53.27 -
& ' Total - 38.51 47.96 25.98 112.45
t Construction  Foreign . .- - — - 398
3 Supervision Local/ Tax, - - -— 2.97
Foreign . - — - . 67.59
Total Local{ Tax —_ — — 59.58
“Total- : — —_ — 12717
A/ Includes - 10% physrca! commgency -
2/1984 pnces areescalated. = -
INTERNAL RATE OF HETURN _ _
Lucena -Calauag  AHen-Calbayog.  Naguilian Road
Section Section :
IRR (%) 16.0 14.4 15.4

':_—'6-7- .



2. RE(:OMMENDANQN

. The evaluation for the three study sections have proven that the projects are tech-
: nical!y, economicaliy and financially feasible. The project evaluation result is
-summarized | in Table-A. '

"1t Is, therefore, recommended that disaster prevention project on the three study
sectlons beé Implemented in the earliest possible time. Any delay in the project
imp!ementatson will just increase the disaster potential and wiil compound the

“serlousness of the existing condition which inevitably may result in more expen-
sive restoration works an longer traffic shutdown, thereby, further incuring
greater costs to the economy. :

TABLE-A PROJECT EVALUATION

Technical Evaluation Economic Evaluation Financial Evajuation
e 7 spots with high dlsasler : * IRR = 16.0%. ¢ 3-year implermentation
potenhats * Provided the only period (mid 1988-
¢+ Fast aggravation of disaster access 1o the Bicol mid 1951} assurmed.
_ ' ‘condition because of Region. s 1.5-year construction
Lucena-Calauag limestone. - « Vitally supports socio- period 1990-mid 1991)
Section * ‘8 days of traffic inter- economic activities and assumed.
' _ ruption ayear. development of Guezon
¢ Necessity of immediate Province and Bicol
restoration work. o Region.
® Prachca]ly no detour road.
* ‘14 spots with high disaster ¢ IRR =14.4%. ,
potentials : s+ Theonly trunk road in * Maximum annual
s Fast aggravation of disas- Samar Island. financial regmrement
- ter condition because of + Daily life of Northern be 70.3 million pesos
Alien-Calbay-g alternative layer of rocks. Samar’s citizens relied in 1990.
Section e G days of traffic intér- on. * Maximum annual
. ruption a year. s Efficient operation of financial requirement
» Necessity of chronic main- ferry service between of local portion estimated
tenance and restoration { uzon and Samar at 33.0 miltion pesos
work. depended upon. is within the Government
+ Noreliable detour road. ' funding capability.
. 153p0l_s with high disaster ¢ [RR=15.4%.
potentials. + Transporiation of daily » Foreign funds for
e Entire cut of road. consumption goods in foreign cost component
_ . . o 4 days of traffic inter- Hagquio relied an. recommended.
Naguitian Road ruption ayear. o Commuting of more than
: : + Urgency of resioration 3,400 workers and
work. students depended upon.
+ No access for inhabitants
along road.




3. PROJECT IMPLEMENTATION

Successwe imp}ememation of the Stage i Sections and the Stage 1 Sectlons s
recommended; As ‘construction work of Stage'| Sections’ was targeted {0 the com-
pleted in 1990, it Is recommended that construction work of the Stage 1 Sections be
started in 1990; Recommended implementation scheduie and annuai ﬂnancia! in-
vestment program are shown in Table- B

TABLE B IMPLEMENTATION SCHEDULE

wes | 1986 | 1987 | 1088 | 1989’ | 1990 | 1991
- T T T i et 1= ¥
Construction of Stage - I Sections il : E ;‘ = }“ HNPI m“] o :
' . ; e g T T ! R T
Feasibility Study (This Study) = : ! : : L :li _
o ' R L ] Bl E i
. Fimancial Arrangement for Implementation \ o 1 1
L . ] | y i ]
) ] - o . i t [ Co b {
* Detailed Engineering Study - (10 months) ! ol [ L s I IO b
| | I ) B - ) T
Tender (6 ionths)- ; ; ; | 1 ; .
] o E | | t I i [
Construction {20 months) i } ; ' ) é S
. B N 1 i : \ 1
Construction Supervision {20 months) : { ! { ! : el
) - a9 s | o7see | oarad
. Fareign Component ; : ey
Financial Regquirement . S {1.58) - (2,44) _(?7r27) -{26'34)
- November 1984 Price -| . 1 0064 | 0.9 |, 16,20 10.87
Local/Tax Component R . ;
(Unit : Hillion §) . S o 18483 | (33.03)) (23.56) |
; ' S 1.83 2.74 41.95 | 27.98
Total . : | 268y | a2y | (70030) | (a092) |

Hote: Figure in {  } shows financial reqifrement in current price.
Annizal escalation rate (%}

Year 1985 196 1987 1988 19891991
Foreign Component 1.5 7.0 6.0 6.0 6.0
tocal Componeat - 25,0 15.0 12.0 10.90 7.0



- summaRY.







STUDY SECTIONS

For general !ocatlon of the study sections, pleaqe see Figure 1.1 which also indicate
* - basic information along the respective Influence areas.

Lucena—Calauag Section

The Bicol Regio__n.-in_ the southern most part of Luzon is connected by land transport
- with Metro Manila and the rest of the island only thru the Maharlika Highway. The

project section, Lucena—Calauag Section is located at the gateway of the Bicol
~ Region. Although there are other transport modes such as rail, sea and air, none
of these pose any significant competition with road transport, despite the fact that
‘there Is only one road access to the region.

In-actuality, the whole section is located in the province of Quezon within the
Southern Tagalog Reglon It starts from the southern end of South Sierra Madre
Hange in Lucena and extends up to the northern part of the Bondoc Peninsula in
Calauag. The whole section is approximately 86 km. The Philippine Fault runs on
the east of the Bondoc Peninsula and by Calauag. The section between Pagbilao—
Atimonan runs through a rolling or mountainous terrain for about 30 kilometers.
The spots with high disaster potential are concentrated in this mountainous
section. .Other than this mountainous section the topography of the section is
generally flat. '

'The.g}'eok}gy of this sec_tib_n is generally made up of the'rocks formed during the
Oligocene era, when land upheavals and submergences formed the present shape
of the Philippines. They are chiefly sandstone and limestone and occasionally

 andesite and_mudstone.

The broad infiuence area considered for this section covers about 650 Kilometers
from Metro Manila to the southern end of Bicol Reg:on

This sect_idn is functioning as a major inter-regionai trunk road with heavy pas-
senger and commodity movements serving long distance trips.

Allen ~~Calbayog Section

.ThIS section is located in the Samar Island along the existing coastal alignment
Li‘artlng from Allen to the outskirts of Calbayog Clty, extending about 73 km. The
Samar lsland generally consists of hills at an elevation of about 800 meters above
sea level without any obvious range and a developed coastal terrace.



The geology of this seot:on is mainly sandstone, with some - limeetone andeslte

and shale. Sandstone is of an old origin, datmg back to the Mesozolc Cretaceuous
tothe Palaeogene and is therefore hard but has deve!oped cracks caused by the
diastrophism which continued fora iong time. Thus, the sandstone is prone to faH

inlarqe pleces

Agam the Maharluke Highway whach mciude the Allen-—CaIbayog Sectlcn is the

~trunk road in Samar tsland which also serves as the main route linking the ls!and _
with Luzon and Leyte istands The rnﬂuenee area considered inthe assessment of -

the section has been hrmted to Northern Samar Western: Samar and Northern

Leyte areas only

At present the section is functronmg as a secondary trunk road However when
the development efforts currently pursued by the Government for depreseed areas
of Samar and Leyte would have been realized, the interlmkages between these 1s-
_ Iands wrth the rest of the country and that of Metro Manila will certainly become

more lmportant and thus the sectaon witl consequently function as a ma}or inter-
regronat trunk road in the network '

'. Naguilian Road

The Nagurltan Road is. setueted in the northem part of Luzon lsland it'is one of the
three roads ieed!ng to Baguio Gity, the summer resart of the country. It starts in
Bauang, La Union and runs through a rolling terratn for about 16 kllometers and
from thére on to Baguio Crty it runs throegh a mountainous area for about 31
kilometers wnh drfference in etevatron of about 1400 meters. With the torrential
rains pecutiar to Baguro area, Moreover, stope failures have been’ expenenced as

the road was constructed mostty on the steep mountain stopes.

The geo!ogy of this sect:on is chreﬂy tuff tuff breccia, congiomerate hmestone
and sendstone

Although this road can be cfass:fred on!y as a secondary trunk road due 16 predo-
minant medium d:stance traffzc wh|ch is malnly between Baguio City and San Fer- .~
nando, La Union, this road nevertheless ‘has a very important role to the overall
trnasport demand of the areas served. It as thls roed that is marniy used for the
transport of bulk cargoes {o and from Baguro Clty Furthermore of the three roads -
leading to Baguio C:ty, namely the Kennon Road, the Agoo- Bagmo Road and the
Nagurlran Road, the Naguilian Road offers better geometricat stendard end at
present the most stable route tn terms af road dtsasters :

-~ 10—



-— NAGUILIAN ROAD
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CAR . 498
CURRENT TRAFFIC | VEEPNEY [ 1i5
TRUCK . 697
(VEH /DAY ) TOTAL | 1822
MANILA—> BICOL [ I,488"
CURRENT COMMODITY 3
(GROGERIES,CEMENT)
VOL”.MEALT‘?WDM’ BIGOL— MANILA | 2,239

¥
{COPRA, FiSH)
03,725

AREA (Km?)

15,357 (N.SAMAR,W.SAMAR, LEYTE )

POPUL ATION{xIC0D)

2,365 | -po - }

CURRENT TRAFFIC

CAR ! 120
. JEEPNEY . 85

VOLUME BUs . . 50
; TRUCK - 73
(VB/DAY) | joTaL. ¢ 328
, - LEYTE ! 98
GURRENT ComtiopiTy | M-SAMAR {COPRA,MILLEDRICE)
VOLUHE(BON/DAY) LEYTE-* N.SAMAR _ 140
k AN (GASOLINE,SOF TORINKS)
MAIN COMMODITY. | ToTAL ‘238 '
o 50 50 200

100

NOTE: I/ Excluding Cotanduanes and Mosbate.

300km

o

FIGURE 1-1 INFLUENCE VAHEA OF STUDY SECTION
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2.

FUTURE ‘reAFFic o

Flgure 2 1 presents in graphical form the estrmated present and future traffic and
commcdaty vctume along the study sections.

Lucena#Calaueg Secttcn -

_The current traffic through the PagbllaowAttmonan Sub- sectron is 1 822 vehtciesl

day. Thts traffic is estimated tc increase at an average ennual growth rate of 4.8
percent during the perlod of 1984— 2015. - Traffic volume will therefore ‘reach
about 7,700 veh:cleslday in the yeer 2015 Growth of trattrc during the: 1990s -
and thereafter is expected 1o be slightly htgher than in the 19805 This based on the
essumpttons that the overall trend of the Phtttppme eccncmy in-the 19805 will be
the decade for transition perlod for econcrmc recovery and the economy wiii
remain stable after 1990. The present volume of commodtty transported is.about
3,725 tons/day. This is astimated to mcrease to 16,807 tons/day in the year 2015.

Allen —%CeibayOQ Section

The present trafftc passmg thru the Atten——CaIbaycg Secttcn is. retattvety Icw at
about 328 vehlcleslday it ;s hcwever expected to tncrease at.an average annual
grcwth rate at 5.3 percent up. to year 2015 when the trefhc at that time is estlrnated
to be about 1,800 vehtctesf day. Atthcugh the growth of passenger car: tretfic is
higher than that of other vehxctes types over 80 percent cf passenger transport on
this section will still rety on the: publlc transocrtatlon up to year 20156. Commodity
flow through this section is currently about 238 tons/day. This is expected to in-
crease at 5.5 percent average annual growth rate.up to year 2015 when the volume
of commodtty transporied woutd then be about 1,245 tons/day.

Naguilian Rcad

The current trafﬂc on the Naguman Rcad Is about 1 239 vehtcieslday Wh!Ch is in-
creasing at en average annual growth rete of 5.2 percent up to the year 2015, This
will mean that by year 2015 an average 6,000 vehtctesiday woutd be travethng
along the prcject ‘section. The traffic capactty of the Naguilian Rcad is rather small
compared to. the ordinary two-lane roads due to its narrow roadway width and
steep vertical gradient. Traffrc volume of 6,000 veh!cteslday in 2015 will be ctosed
to the max;mum traff:c the road wouid be able to acccmcdate -

The current commodity flow of 1 368 tonsiday will increase to 7, 935 tons/day in

the year 2015. Average annual growth rate cf 5. 8 percent will be the htghest _
among three Study Secttcns ' :

— 12—



NAGUILIAN ROAD
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3. IDENTIFICATION OF ROAD DISASTERS

3.1 TYPES OF ROAD DISASTERS

Rcad disaster were classitied into five types based_ generally on_ the _s_hapé_s of
fail_ures which were assessed through visual inspection and-land and geo-technical
surveys, , ,

Cut Slope Failure
This _type is sub-classified into surface and deep fallures. Surface failures are

generally caused by erosion, weathering and structural weakness while deep
failures are caused by scouring, rotational and transiation failures. See Figure 3-1. -

M ) el

Deep Failure .due. to scouring

FIGURE 3-1 CUT SLOPE FAILURE
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Embankment Slope Fallure

This type is sub-classified inta surface failure due to erosion and deep failure due
to scouring and saturation. See Figure 3-2.

- Concentration of surface water
AP0 77
-:."?.‘::'_5‘ '
(a}

Deep Fallure

FIGURE 3.2 EMBANKMENT SLOPE FAILURE

Fall

This type is sub-classified into rock and debris fails. The former is free fail of
rocks detached from bedrocks, while the latter in that of unsupporied pebbles,

cobbles, and bouiders on a slope. See Figure 3-3.

=17

.,[I

,/7 L Rock with
davelopad

.r = Cracks
u%‘ﬁgmmé—_i
(a)
"Rock Fall Debris Fail
FIGURE 3-3FALL
Landslide

Landslide is caused by loss of balance between shear strength of materials and
movement force along a specific slide plane. This type is sub-classified into rock

and soil landslides. See Figure 3-4.

w15 —



3.2

- Soil Landslide

FIGURE 3-4 LANDSLIDE -

Debris Fiow

Debris flow is induced by a force of flow caused by floods where there exist de-
posites on torrent or riverbed. This type is sub-classified into debris and mud
flows. Sge Figure 3-5.

FIGURE 3-5 DEBRIS FLOW

DISASTER POTENTIAL o

Each spot identified was ranked into.three categories. Category A (Heavy), Cate-
gory B (Medium) and Category C (Small) giving emphasis on the impact of the
disaster on traffic. The criteria adopied in determining the disaster potential are

shown in Table 3-1.

—-16 —



TABLE 3-1 CRITERIA FOR DISASTER POTENTIAL

_ . _ Type of Disaster
IMPACT Cut Slope Féi|ure, :
) Landslide, Debris Rock Fall Ermbankment Slope
_ Flow, etc. Failure
Category A = Failure or moved material | » Fallen malerials may cover |» Pavement structure
{Heavy} | -may cover tull lanes of {ull lanes or targe sized may collapse.
{Urgent countermeasure pavement. Expected to rocks {more than 50crn)
is required) be closed Lo traific. may fall to part of car-
: riageway.
Category B e Failure or mmoved materials { ¢ Fallen malerials with size | Shoulder may fully
(Medium) _ may cover about one lane. of {ess than S0cm may collapse.
(Urgeni countermeasure cover about one lane.
is required) -
Calegory s Failure or moved materials |+ Fallen materiats may not « Shoulder may partially
(Small} may not extend to car- extend to carriageway coilapse.
{No urgent counter- riageway.
measure is required.)

3.3

DISASTER SPOTS IDENTIFIED

Disaster potential spots were identified thru actuai field investigation considering
the following itemns.

-~Height and gradient of slope

- Types of rocks

—Conditions of weathering, cracks, joints and faults
—Thickness and compactness of topsoll

—Degree of water saturation of stope

—Existence of seepage water

—Inftuence of forcae of waves from sea or stream
—Evidence and scale of past disaster

A total of 123 disaster potential spdts, 38 along the Lucena—Calauag Section, 41
along the Allen—Calbayog Section and 44 along Naguilian Road were identified

as shown in Table 3-2.
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" TABLE3-2 SUMMARY OF DISASTER SPOTS
BY TYPES OF DISASTER AND DISASTER POTENTIAL

Disaster o B TR B .
Potential - | &S.F.O.F [ESF.DF - GF L.s. { DF | Others’| Total
‘H 1 — 2 o == — 3
Lucena- M- — 2 2. q - — LB
Calauag S 16 . 4 10 . - - 90 -
Section — N
Total 17 B 14 1 — — 38
H e 2 -2 _— — - 4
Alten- M 1 3 7 — 2 — 13-
Calbayog S 3 2 19 —- — — 24
Section A
' Totat 4 7 8 —_ 2 - 4
H 2 — 1 —_ _ - a
M 3 ) 4 — — — 15
Naguilian S 13 6 7 - . . 2%
Road : : .
Total 18 14 2 - — — 44
H 3 2 5 — — — 10
M 4 13 13 i 2 - ]
Grand 5 a2 12 36 - —- = 80
Total _ - .
Grand Total 39 27 54 — 2 — 123

Type of Disaster

(1) Cut Stope Failure

C-5.F. =8urface Failure
G-D.F. =Deep Failure

(2) Embankment Siope Failure - (3) Fall
E - 5.F= Surface Failure

E-D.F = Deep Failure

Disaster Potential

H Heavy

- GF M Medium
(4) Landslide s - Light
BRY P S '
(5) Debris Flow
. D.F.
(6) Others

Shown in Figure 3-8 is the number of cut slope failures and tall$ w_ith'_ the disaster
potential of Heavy and Medium in refation to kinds of rocks. This number do not
tally with the number of disaster spots because siope'is often composed of more
than two kinds of rocks.

..—18;“
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4.1

EXISTING CONDITIONS AND CAUSES OF ROAD DISASTERS

Exrsrme CONDITIONSOF ROAD DISASTERS

Lucena—«Calauag Sectton

Since the opening of the Pagb;laowf-\tlmonan sub- section m the seotion in 1979
substantial damages on the section were attributed not only to pavement deteriora:
tion but failures of cut and embankment stopes and falls of saverely weathered
limestones. The number traffic mterruptions 1s reported to be an. average of about

8 days a year.

The topography of this section is generally flat wrth exceptlon of rolllng or moun-
tainous terrain from Pagbrlao to Atimonan. The geologic formation is of sandstone
and limestone and occasmnally andesite and mudstone. These bedrocks espeolally
hmestone are severely weathered and feared to collapse in the future.

Most of 38 dlsaster spots ldent:fled in thls sectlon are tocated in the Pagbllao-—
Atimonan sub-section (about 30 k;lometers) The disaster spots density in this sub-

“section (the number of disaster spots per kllometer) is i 13 spots per ktlometer

Mareover, of 38 disaster spots erght spots are consrdered of the Heavy (H) and
Medium (M) category requiring urgent |mplementat|on of countermeasuree
These type of spots are concentrated within the oid zrgzag road. section which
extends only for about 9.6 kilometers. The disaster density of ‘M and M in this par-
ticutar sub-sectlon lS 0.83 spots per kllometer

Of the eight disaster spots mentsoned fall is dommant in four spots, followed by
embankment slope failures in two spots and cut slope failure and landslide in one

spot each.

Occurrence of a large number of fall is mainly due to severely weathered limestone
with developed cracks. The sizes of fallen rocks are 1.5 to 2.5 meters. More of
these fallures are feared to occur in the future.

The embankment slope failures are mainly caused by scouri'hg'c_lue to the concen-

tration of surface water, particularly at inner curves of .roads with steep vertical
gradients. Side ditches are recommended to be adequately constructed.
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. Allen eCaIbgybg Section

N _.A_fter the Improvement of the section In 1978, the section was exposed to the

danger of r_ock falls. This type of disaster has often caused the interruption of
traffic flow at an average of 9 days a year specially after heavy rains and typhoons.
The majority of slopes still seem to be unstable.

This section can be divided into the moderately hill segment that passes through
the foot of Samar’s central range and the flat coastal terrace segment passing
‘along the coast. The geology is of sandstone, shale, andesite and limestone with
folds and faults. These rocks have many developed cracks and are highly
weathered. The sandstone is prone to fall in large sizes.

The 41 disaster spots identified along the section are almost equally scattered
between San Isidro (km. 686 + 500) and Tinambacan (km. 723 + 300) with disas-
ter spot density of 1.11 spots per kilometer.

Of the total number, 17 spots were evaluated of the Heavy and Medium category
which reguire the irnmediate application of countermeasures.

By type of disaster belonging to the H and M spots, fall is predominant in nine
spots, followed by embankment slope faliure, debris flow and cut slope failure with
5, 2and 1 spots, respectively.

The majority of fall occurred on cut slopes of highly weathered sandstone with
developed cracks: Most of failen rocks are 30 to 50 centimeters in size but occa-
sionally over 3 meters. These falls may continue if no countermeasures are
applied.

- Almost all embankment slope failures observed along the coastline are caused by
scouring due to sea waves and flood water.

Naguilian Read

Disasters along this road must have occurred many times during the last 64 years
since its completion in 1919, Aithough no accurate records are availabie, it is pre-
dicted that disasters occurred at an average of two times a year causing traffic in-

terruption for 4 days.

The road runs in rofimg areas for about 17 kilometers from the town of Bavang and
~the rest of the section as it proceeds towards Baguio Gity through steep moun-
tainous terrain. The geology of this road is chiefly tuff, tuff brecciea, canglomerate

limestone and sandstone.
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4.2

Of the total of 44 disaster spots recorded there are only four dlsaster spots in the _
rolling area, while 40 spots are in the remaining mountainous section with appro-

'.X|mately 30 kllometers The cllsaster dens;ty is 0.24 in the former and 1.33 ln the
latter o

A total of 18 dlsester spots are classafled of the Heavy and Medlum category Emn

hankment failures are dominant amounting in elght spots tollowed by tlve spots
each respeotlvely of cut slope fallure and fall. ' ,

In this road embankment slope fallures means the collapse of stone masonry

‘applied to embankment slopes at the valley side, These failures were observed

widely in several spots and are feared increase along the road in the future.

Cut stope failures and fails were observed on slopes composed of hard rocks such

‘as tuff, tuff brecciea and conglomerate

CAUSES OF ROAD DISASTERS
Cut Slope Fai!ure'

Cut slope fallures were observed in all the mountainous sections of the three Study
sections, especially in the Lucena—Calauag section and Naguilian Road. These
sections have many hlgh cut sfopes with the rocks hlghly weathered and fractured
dueto faults Lo

This type of fallure has been observed to. be predommant on slopes of sosl and rock
such as diabase, andesite, limestone, sandstone, mustone tuff, tulff brecciea,
conglomerate, stc. Nearly all of cut slope failures observed were due to the effect

~ of unabated water flow. Many were caused by erosion or scouring resulting from .

the flow of surface water during rainfalis, and some by groundwater seepage.

As noted, the failures could not have been prevented because of the following de-
ficiencies.

—No drainage facilities ta prevent erosion and scouring due to heavy rain.
—-No berms on high slopes o ease velocity of surface water,

—No slope protections by vegetation and the like.

22



.-+ Embankment S!dpe Failure

- This type of fallure was also observed widely along the project roads, especially
at the spots'With the following topographical conditions: 1) spots inside the curve
with the steep gradient, ii) sections along sea coast and river and iii) approach
sections of bridges.

Embankment fallures were generally attributed to scouring and, therefore, the
faiEures frequently occur due to the following reasons:

—{inadequate dréinage facilities in terms of number and capacity

--inadeq uate connections and protections at the outiet of cross drain facilities
—No or inefficient protections of slopes.

Falf

The predominant type of disaster observed along the project section is fall. Falls
are categorized into debris falls and rock falls, but ail falls in the study sections are
rock falls. Falls mainly occur in the slopes composed of debris or diorite, andesite,
sandstone, conglomerates, limestone, etc. Slopes of highly weathered or fractured
rocks usuaily produced cut slope fallure, while falls mainly occur on slopes of hard
rock with developed opén‘ cracks or on slopes with (aiternative of} different rocks
layers.

‘Most of the fallen rocks were 30 to 50 centimeters in size, but occasionally over 3.0
meters were seen on the Allen-Calbayog section and the Lucena-Calauvag section.
The deficiencies which may have caused the failure are similar to those mentioned
In cut slope failure.

Landslide

Landslides are classified into'soil and rock landslides, but only soil landslide at one
spot in the Lucena-Calauag section was noted among the Study sections. The land-
slide at this spot is a movement of a thick layer of soil covering over the bedrock.
Judging from the land formation in which surface water easily concentrates, the
landslide is due to the affect of unconirolied surtace water flow.

Debris Fiow
Debris flows are classified into debris flow and mud flows. There are only two

spots of debris flows identified along the Study sections and both are debris flow
types. These are located in the Allen-Calbayog section.
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water was observed at the toe of the slope and,

heen caused by the high level of ground- |
torrent due to the absence

mall scale saba dam etc.

Ata Spot a farge quarntity of spring
therefore, the debris flow Is tikely to have
‘water. Debris flow at the another spot 18 caused by
of countermeasures such as cross drains water ways 8
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5.  RECOMMENDED COUNTERMEASURES
5.1 Design Spots

The disaster-spots requiring urgent countermeasure work and where the design of
~ the proposed-countermeasures were prepared are shown in Table 5-1.

Some spots where countermeasures are being implemented or require large scale
riparian were excluded from design.

TABLE 5-1 DESIGN SPOTS

Lucenla-Catauag Allen-Calbayog Naguilian

Type of Disaster ~Section Section Road Total
Cut Slope Failure 1 1 5 7
Embankment Slope

Failure 1 2 5 8
Fall 4 9 5 18
Landslide 1 - — 1
Debris Flow - 2 — 2

Total 7 14 15 36

5.2 Policies for Countermeasure Selection
Various countermeasures commonly adopted in other countries have been studied
in accordance with the types and the causes of disasters. These were closely
examined with regard to effectiveness and practicabiiity in this country.
The proposed counterméasures were selected in due consideration of geology, to-
pography, surface water, groundwater and other condition of each disaster spot. In
addition to these local conditions, the following policy considerations were aiso
taken in the selection of countermeasure:
—introduction of new technology on disaster prevention
—Minimal traffic obstruction during construction

—Harmony with the environment

—Minimal maintenance work
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5.3 TYPES OF APPLIED coumenm EASURES "

Table 5-2 shows the number of countermeasures by section and type of disaster in
relation with type ot countermeasures adopted in the study

TABL’E 5.2 NUMBER OF APPLIED coUNTEnMEAsunE's

TYeE
oF C-F
DESASTER L.5
D.F

R

F.p

Cut slope rock fatl
Landslids

Debris flow
RETAINING WALL
FOQT PROTECTION

26 —

E+S.F, D.Ff Embankment slope surface failure, deep failure
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5.4 TYPICAL COUNTERMEASURES
- The following are typlcal countermeasures adopted in the Study.
Surface Drain :
T'hem_éln ‘_caus_e 'Qf'cut slope and embankment slope failures is surface water.
Varlous kinds of ditches were applied in many sections. Top slope ditches were
placed where running water from adjacent hinterland area was expected and berm
ditches adopted everytime berms were proposed. Side ditches were applied as a

prerequisite In all disaster spots because of the non-existence of drainage
factlities.

TOP SLOPE DITCH _\

BERM DITCH ——\
SIDE D'ITCH\ -

Subsurface Drain

Horizontal drain hole and closed conduit were applied to check debris flow where
the leve! of groundwater seems to be high and seepage water was observed.

VEGETATION

/—1 BERM DITCH

RE- CUTTING

STONE PITCHING WATERWAY
HORIZONTAL DRAIN HOLE

{#60)

=

CLOSED CONDULT
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Slope Protection

Except on slopes ccmposed of hard rock not susceptibie to erosion and scour!ng,
protection works were generally app!led for all-kinds of siope. Slope protection
with vegetation was applied for the slopes with.soli and weathered rocks where ve-
getatlon can grow. Faor other s\opes concrete spraylng was applied.

- MUD-LIKE. SEED AND
FERTILIZED EARTH

" SPRAYED 7O WHOLE
SURFACE

CONCRETE S#RAY: .

oAl WIRE NET
& 02mm*5%}~“
(1S 6-3569

ASPHALT EMULSION] -
SPRAYED TO WHO!

SURFACE
WEEP HOLE
o . D 40mm
SEED MUD SPRAYING it '
3;'00 BASE CONGRETE
CONCRETE SPRAYING
Anchoring

Unstabie rocks susceptibie to fall on slopes were proposed fixed to the bedrocks by
anchoring with rockbolts. This measure was applied on slopes where big size but
few number of rocks exist.

JOINT KNOT
ROCK BOLT
CROGK _ 1 25

4.00m
DETAIL OF ROCK BOLT

ANCHORING
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Anchor Wire Not

For siopes where small size but many unstable materials exist, anchor wire net
was applied. Since this type cannot provide a completed protection for the preven-
tion of erosion and scouring of slope surface, this was adopted mainly on slopes
composed of hard rocks. :

-

!

ANCHOR WIRE NET

FALLING ROCK

Stene Masonry Retaining Wall

FFor steep embankment siopes where the slope gradient cannot be improved, stone
masonry retaining wall with re-filling was applied. It should be noted that side
ditches were invariably provided at these spots.

RE-FILLING

— 20



Re-alignment with Catch Wall

Re-alignment was positively applied at the spots where there ig enough. flat space
to allow shifting of the existing road. This is atmost always mare economical than
the slope protections applied directly on slope. The maximum shift adopted in the
- study was six meters. Catch walls were always used to prevent spreading of
damage due to falling rocks. ' ' ' '

. SHIFTING
OF ROUTE

JARIABLE
35.00Mmin. 250 6 250,

Lt

GATOH wAuhg-/ $16¢ Drron |
. : | '
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PROJECT-cosT

The project costs were estlmated based on a unit cost analysm in November 1984
prlces The aggregate total cost of the three sections was estimated at 74.50 million
pesos; of which foreign currency component amounts to 45.74 miilion pesos (61%)
and I_ocal currency component including taxes to 28.76 million pesos (39%).

Construction cost of the countermeasures along Lucena-Calauag section was esti-
mated at 22.33 million pesos; the Allen-Calbayog section at 27.83 million pesos;
and the Naguillan Road at 15.20 million pesos. Major countermeasures applied
were re-alignment method and concrete spraying both for the Lucena-Calauag
section and the Allen- Catbayog section, anct stone masonry retamang wall and
anchor wire net for the Nagu;l:an Road.

The cost for detaitedﬁengineering and construction supervision services were es-

timated respectively at 7% of the construction cost.

TABLE 6-1 PROJECT COST

Unit: Millign Pesos

November 1984 Price Current Price?
Foreign Llocal/Tax  Total Foreign Local/Tax Total
Detailed
Engmeertng 2.97 1.60 4.57 3.08 297 6.95
Constructtony
¢ Lucena-
Calauag 13.44 8.89 22.33 19.98 18.53 38.51
s Allen- _
Caibayog 16.82 11.01 27.83 25.01 22.95 47.96
» Naguilian 9.54 5.66 15.20 14.19 11.79 25.98
e Sub-Total 39.80 25.56 65.36 59.17 53.27 112.45
Construction
Supervision _ 2.97 1.60 4.57 4.43 3.34 7.77
Total 45,74 28.76 74.50 67.59 59.58 12737

1/ Includes 10% physical contmgency

2/1984 prices are escalated. For escalation rate, See Figure 8-1
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7.1

PROJECT EVALUATEON

The feasnbnlty of the projects was evah.:ated maimy from the vnewpoints of techni~
cal, economilc and financial viability but constdermg as well in the final ana!ysns the
various socao economic impacts contr:buted by the project ' '

T’eehnic.al Evaluation
Lucena-—Calauag Section
« Of the total of 38disas_t"ei* spots, 8 are with high disaster potential.

s Limestone, the predominant type of a rock in this Section, is easily weathered,
therefore slope conditions will be quickly aggravated.

e An average number of traffic mterruphon is estimated to be eight days per
year. , _

s The detour route of this Section is very substahdard with many hai Fpin curves,
steep gradients of nearly 10% and narrow roadway width of 5.0 to 6.0 meters.

Allen ~Calbaydg Section
» Of the total of 41 disaster spots, 17 are with high disaster potential.

» The formation of most of slope bedrocks sandwiches weak strata betw_éen sand-
stone layers, thus slope condition will likely to become worse year by year. _

e Anaverage number of traffic interruption is estimated te be nine days' per yea'r.

¢ The 21 temporary bridges along the detour route cannot allow heavy vehicles
(buses and trucks) to pass.

tNaguilian Road

»  Of the total of 44 disaster spots, 18 are with high disaster potential.

* Due to the narrow roadway and shoulders, even a smaii scale road disaster
greatly affects traffic flow. Road users are always exposed to danger of bemg

hit by falling rocks and the like.

e Anaverage number of traffic inte?ruption is estimated to be four days per year.
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7.2

@

The capaclty of the Kennon Road which functions as a detour road, will not be
sufficient enough to accormmodated detour tramc from the Naguilian Road
after year 2000.

'Economic Eval'uation

Quantifiable benefits were mainly derived from savings on reduced vehicle opera-

tion costs, traffic efficiency and from restoration maintenance related costs
savings, as mentioned below. The assessment of the unquantifiable benefits from

the projects is discussed under the Socio-economic impact Evaluation.

~'Project Contribution " Quantified Benefits

No traffic interruption » Savings in detour Cost

Savings in commodity opportunity Cost
Savings in traffic accident cost

Savings in travel time cost

Savings in restoration cost

]

improved vehicle running
condition
No restoration work

& 9 &

Savings in Detour Cost

Sé\)ings in détou_r cost were estimated based on assessments of the kinds of
detour trips, detour lengths, duration of traffic interruption, future traffic
volume and basic vehicle opsration costs.

Savings in Commuodity Opportunity Cost

When cargo truck trips are stopped or _delayed due to road disasters, commodi-
ties witl not be used as scheduled which means they lose opportunity cost. The

implementation of this project wili eliminate such situations.

Savings in commodity opportunity cost of the Study section were considered
negligible. The additional time due to detour is not considerable for both the
{_ucena-Calauag section and the Naguilian Road. Similarly the small commodi-
ty volume on the Allen-Calbayog section is negligible.

Savings in Trattic Accident Cost

 The impiementat:on of this Project w:ll reduce the number of traffic accidents

caused by road disasters. This benefit can be quantified according to the traffic
accident records. However, there are very a few traffic accident records on the
Study Section caused by road disaster. Therefore, this benefit was considered

negligible.
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. Savings in Trevel Time Cost.

_Savmgs in 1rave| t1me oost lS quantmed from the amount of redu od ire
as a result of the project. The travel speed of vehictes is suppressed 'due te the
' msecurlty of the env:ronment Delays are aleo enceumered durlng t‘eetoretlon -
works of damaged sections are carried out. With the proiect wh!ch will not only o
secure physically the enwronment wﬂ! also. glve the drwers more conﬁdence
. while negotlatmg the route, thus, will result in faster travel Speeds :

o Savmgs in Restoratlen Gﬂs!

Based on esttmated soa!e of damage by a typhoon attack pattern, average
annual cost for. restorahon work was calculated. Esttmated costs were com-
pared with prewous Government expenditures on reetoretion works in simllar

SItuatlons o

A 20—year project Infe was assumed in‘the analysm The resuits ef the. cost beneﬂt
analysis and sentiwty are presented in Teble 7-1. =

TABLE 7-1 RESULTS OF ECONOMIC ANALYSIS
Internal Rate of Return '

0/0 .

Lucena- . Allens  Naguitian
Calavag - Calbayog Road -
Section -~ Section
Best Estimate 404 . 1437 . 1543
Case - o B _ o
(Cost -20%) 2002 - 1821 19.16
Case-2 - S - I T :
(Cost +20%) 13,18 11.60 12.73
Case-3 S o S '
o ' (Benefm-m%) 19.25 17.44 - 1844
Sensitivity ~Case-4 - - S L
Tests (Bensfit -20%) . = 12.55 10.99° 1220
~ Case : : - - :
(Cost-zo% ) S )
Benefit +20% 23.75 21.78 22.63
Cost +20%, S _ L
Benefit-20% 1004 . 886 9,81
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7.3

Einancial Evaluation

* The maximum budget allocation for the local cost component in a single foreign

assisted highway project was 253 million pesos in 1983 and 144 million pesos in
1984 which was -equivalent to about 1/12 and 1/15 of the total budget for cons-

_truction and !r’np’rovement of major road, respectively.

The ratlo of the possnble allocation for the local cost component in a smg!o pro;ect
to the total yearly budget for major roads is estimated.at 1/18, 1/30 and 1/50 for
high, medium and low assumptions, respectively. The medium assumption of
1130 Is taken as the most realistic.

The totél_ yearly b'udg'ot__'for major roads was based on the MPWH Medium Term

infra_struotu’re Program (1984-1992),

The maximum local fund requirement of the Project with the four-year implerﬁen—

- tation per_iooi.(1988—1991_-) is estimated to occur in 1980 at 33 million pesos in current

7.4

prices which is within the estimated possible amount of jocal budget allocation
under the medium assumption. The project is affordable within the resources of
GOP and, therefore, financially feasible.

Project Impact
Lucena-Calauag Section

* The total population in the influence area which covers the Quezon Province
. and the Bicol Region is estimated about 4.4 million in 1984 and 7.2 million in
2010. _-Wi'th_out the project, traffic interruptions on this section will directly
affect the day-to~day socio-economic activities of these two areas. Particularly
with the Bicol Region which is largely dependent of its supplies in Metro
Manila. Traiffic Hlows of 1,800 vehicles and 13,000 passengers per day {both in
1984 volume) will be greatly disturbed.

¢ The old zrgzag road, conmdered as the detour route of the Pagbilao-Atimonan

Sub-gsection, is a very substandard road with many hairpin curves, steep
grad:onts of nearly 10% and narrow roadway width of 5.0 to 6.0 meters. Due to
the substandard geometrics, large vehicles (buses and trucks) have great diffi-
ouIty in negotlatlng the route resultmg in substandard travel time and vehicle
operation costs. -

g In the year 2000, traffic volume will exceed the traffic capacity of the old zigzag

road.
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About 3,700 tons of commod:tres transported dally (in 1984) will be dlrecﬂy'
affected. Perishable commodities and foodstuff such as fish and other marine
products which are major commodities from Bicol to Metro Manila will lose, to
some extent, commercial value without the project.

Allen- Calbayog Sect:on |

The mfluence area of thle gection covers Northern Samar Western Samar and
Northern Leyte. About 2.4 m:[!ron people in 1984 and 3.6 million’ peopie in 2010
in the influence area will be dlrectly or md:rectiy affected.

Daily trafflc of 328 veh:cles in 1984 wh;ch is esﬂmated to mcrease to 1,230
vehicles by 2010 will be drrectly affected :

The detour route is composed of the Calbayog North Road (from Calbayog to
Catarman) and the Catarman-—Allen Road. Along this. route are many tempo-
rary bndges with narrow tlmber floor and Jow loading capacny In the Calba-
yog North Road, heavy vehicles. (buses and trucks) can not pass due to sub-
standard of the road as well as the limited capacity of the bridges. Therefore,

- when the section is closed to traffic due to road d_isaster_s, ‘huses and trucks will’

be stranded.

Commodity flow of about 240 tons per day (in 1984) will be stopped, which
means supply of daily consumption commodities to Northern Samar will be sus-
pended, thus daily life of people in the area will be seriously affected.

Operation of the ferry service between Luzon 'and Samar will be suspended.
Economic return from the investment on the ferry service project will be
hampered.

Maguilian Road

o

The direct influence area is the whole of Benguet Provir_rce. Population of
395,000 in 1984 and 661,000 in 2010 will be directly or indirectly affected.

The alternative route is the Kennon Road via the Manila North Road. Addi-
tional travel time of one (1) hour and travel cost of 95 pesos per vehicle will be

‘incurred for an additional route Iength of about 37 kms.

Future traffic on the Naguilian Road will reach 4,600 veh. Iday in 2010, whne
that on the Kennon Road will be 8,050 veh /day. When traffic on the Naguilian
Road is detoured to the Kennon Road, severe traffic congestion on the Kennon
Road will be observed.
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»  About 1,400 tons of commodities in 1984 which will increase to about 6,000 tons
In 2010, will be directly affected. Since fue! consumed in Baguio is mostly
transported through the Naguilian Road, stable supply of fuef will be seriously
disturbed. - :

e About 10,000 of passengers per day in 1984 will be directly affected.
7.5 Overall Evaluation
‘Lucena-Calayag Sectlon

¢ The best estimate of the Internal Rate of Return (IRR) of the Project in the

- Lucena-Calauag Section is 16.0%. Results of the sensitivity test shown that
except in the worst case (cost + 20%, benefit -20%), the {RRs exceed 12% in
all cases.

e Due to substandard geometrics of the detour road of this section, transport
efficiency of the Section will be greatly lowered, thus seriously affecting socio-
sconomic as well as developmental activities within the influence areas, parti-
cularly Quezon Province and the Bicol Region. :

» Limestone, the predominant type of a rock in this Section, is easily weathered,
therefore, slope conditions will be quickly aggravated, uniess proper counter-
measures are taken immediately.

Implementation of disaster prevention work of this Section is feasible as indicated
by its economic rate of return as well as by the engineering aspects and favorable
socig-economic impacts produced by the project.

Alien-Calbayog Section
#* The best estimated of the IRR is 14.4%.

o Due to low loading capacity of many temporary bridges on the detour road,
large vehicles (buses and trucks) will have to terminate their trips when the
Section is closed o traffic. Citizen’s daily tives in Northern Samar where supply
of daily needs depends on this section will be seriously affected.

# Operation of the ferry service between Luzon and Samar will be suspended
when fraffic on this Section is interrupted, thus economis return from the
investment on the ferry service project will be hampered.

¢ As the formation of ‘most of slope bedrocks sandwiches weak strata between

sandstone layers, slope condition will become worse year by year, if the project
is not implemented.
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DeSpite the marginal economic feaslbillty of the pra;ect in this section, it is never-
theless, a project worthwhile undertaking. conmdermg its Important role In the
overall highway system of the country and its related socio- economic Impacts upon _
the direct mfiuence area. -

' Naguilian Hoad_
s The best'estimated of IRR of the-Project i5$15.4%.

s Daily consumphon such as fuel seafoeds etc for Bagulo Clty and copper ore,
the major products of Benguet Province are transpo:ted through ‘this road,
therefore, it is functioning as a life line of Baguio City. and i_ts adjacent areas.
Traffic interruption of this road will create serious socio-economic problerms
within the direct influence area. . -

¢ Due to harrow roadway and shouldefs even a smai'l‘sbai'e'road disaster greatly
affects traffic flow on the road. Road users are always exposed to danger of
be:ng hit by fa!lmg rocks and the ilke ,

The pro;ect is feasible in terms of its ecoromic rate of return and varmus tavorable
impacts: te the socio-economic activities in the direct influence area.



8. PROJECT IMPLEMENTATION

- Recommended Implementation schedule and annual financial requirements

brok_en _down into foreign and local ciirrency componenis are presented in Figure
8-1. o :

FIGURE 8-1 IMPLEMENTATION SCHEDULE

1935. 1986 1987 1988 1989 1990 1991
. . 1 1 T T ] 4 T
Construction of Stage - 1 Sections : : Fl o g ;mmm:ﬂ mng :
_ Ts—— - =T T ] i { i ]
Feasibility Study (This Study) Hﬁi : Ir ! : i :
. 1
T : i i i i ] I
Financial Arrangemént for Implementatidn ': ! L i i
. . . ] | I ; ] [ 1
Detailed Engineeéring Study (10 months) : : : 'R 1 :
g : !
e . I ] T ] i I
Tender {6 months) : ; } : : ;
j . | 1 ] | i |
" Construction {20 months) I ; : { -
: | 1 i L
Construction Supervision (20 months) -}_ ! I t
' c ' 1.19 1.78 25.66 | 17.11
F ;
Financial Requirement oreign Conponent (1.54) | (2.44) | (37.27) | (26.34)

« November 1984 Price - 0.64 0.96 16.29 | 10.87
i t
(Unit : Hillion 7) Local/Tax Conponen (1.14) | (1.83) | (23.03)] (23.58)

1.83 2.74 41.95 27.98
To t.a k (2.68) | (4.27) { (70.30) | (49.92)

Hote: Figure in { } shows financial regiirement in current price.

Annual escalation rate {%}

‘Year 1985 1986 1987 1988 19B9~— 1991
Foreign Component 7.5 7.0 6.0 6.0 6.0
Locat Component 25.0 15.0 12.0 10.0 7.0
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SPECIAL PROPOSITIONS

In view of the urgency of the Project and on the basis of the findings of the Study,
special propositions are prepared for the development of sound engineering
practi_ces and methods on road disaster prevention In the country.

Realizing the fact that road disasters are potential and likely to be grave and severe
if no countermeasures are adopted, it is recommended to develop and work out
ways not only In the search of immediate solutions, but in the longer term, a more

| . _syst_emati_c: approach in considering the solutions to the problems.

1

1.1

1.2

1.3

SHORT TERM MEASURES

Recording of Road Dlsasters

_Th_é recording of d_is_aster shouid'be comprehensive_and systematically dompifed .

The information to be covered should include topography, geology, type, size and
causes of road disaster, precipitation and influence of water.

. These records can prowde the basic engineering data to be analyzed for the identi-

‘frcatron of disaster spots, the frequency of the occurence of disaster and even the

" selection of the appropriate countermeasures.

tdentification of Disaster Potential Spots

All spots where failures are likely to occur should be investigated and recorded
by the agency concerned. The types, size and damage of roads due to failures
should be identified and the potential disaster intensity of each spot should be
assessed. :

The availability_of_ data will enable to prepare and install appropriate warning signs
at strategic locations for the information of the road users, well ahead of the disas-
ter potential areas. Moreover, with the availability of such records, the engineer-

ing approach to the solution of the problem can be developed and corresponding
‘preventive measures can be formulated.

Provisional Remedial Measures

It can be safely condluced through the Study that the main cause of road disaster,
without exception, is the effect of water, and therefore, the provisional remedial
measures recommended to control water include;

~—Pr0vision of side and cross drainage pipe

—Vegetable on slopes
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2.2

2.3

- —Utilization of gabion, whenever applicable

‘ %Prdvision of closed conduits for Qro'undweter snd'spring'weter_' '

LONG TERM MEASURES |
Development of Techmques ot Hoad Dlsaster Preventson

The Study has been carned out rnemiy based on technlques of road disaster pre-'
vention expersenced in Japan Time constramt ‘and iimlted study area coverage of _
the trunk road has not permitted to allow the Study to generalize the flndings on:
the projects which can be adopted on a ‘nationwide’ scale 50 much §0 that road
disaster prevention in this country must be carried outin a stern environment. in
most parts of the country, the topography is meuntamous with rugged terrain and

the geoclogy is generally of a fragile structure of the tertiary period. Furthermore

the geographioai Iocatron of the country {ies in the South Pacnfic typhoon belt
where typhoon- -bearing heavy rains passes the country s erea of responsrbrilty
mneteen times or more éach year on the average. '

in \new of the taet that such naturai conditions in the Phiiippmes are generelly '
more stern than that in Japan itis recommended thata dtsaster prevention system
and technology suitable and adaptable to enwronmentai characterlstics of the
country should be developed.

and Pianning

~ The Philippmes Fault Line traverses the arohiepalgo from north to south Secen— '

dary faults and holds resultmg from this major fault are observed In-all region.
Where road run parallel to those fauits, large soaie slope fallures are likeiy to
occur. The typical example is the tailure of some seotions on the Maharilka H;gh-'
way Wthh runs along the Phillpplnes Fauit :

In the planmng of new road allgnment therefore a more comprehensive route

study is suggested to avoid such cases “Alternative: routes should be evaluated
taking into full consideration the extent’ of disaster control works as well as road
functions and costs :

Road Design and Construction
In desrgning new roads, a compieted and detailed investlgations releted to road
disasters should be carried out. A general polioy to inciude the design of slope pro-

{ection works and countermeasures for road dtsasters is suggested whenever any
road improvement is planned. ' :
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In which cases, a thorough study for selection of proper countermeasures shoutd

be made taking into account the ctass of road, traffic demand, future development
of the area and the like.

Disaster Beyond the Scope of Highway Works
There exists a considerable number of spots which were seriously damaged due to

scouring by sea wave, meandering of river, and the like. Countermeasures to solve
these types of problems normally involve large scale riparian works which are all

~ beyond scope of highway works.

in such casss, it is recommended that coordination with various sectors and/or
agencies concerned be initiated to prevent further damage on the, road sections.
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