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PREFACE

In response to a requésl from the Government of the Republic of Chile, the
Goverament of Japan decided to conduct the study on the Rehabilitation and Conservation
Program on the Bridges in the Republic of Chile and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA senl to Chile a study team headed by Mr. Takashi Chujo, Pacific Consultants
International from September 1996 to March 1998. '

The team held discussions with the officials concerned of the Government of Chile,
and conducted field surveys at the sludy area. After the team returned to Japan, further
studies were made and the present report was prepared.

I hope that this report will contribute 10 the promotion of the project and to the
enhancement of friendly relations between our two countries.

1 wish to éxpress my sincere appreciation to the officials concerned of the Government
of the Republic of Chile for their close cooperation extended to the team,

July 1998

(e

/..

Kimio Fujita
President

Japan International Cooperation Agency



July 1998
Letter of Transmittal

Mr. Kimio Fujita
President

Japan International Cooperation Agency

Dear Sir,

It is our great pleasure to submit the final report of the study on the Rehabilitation and
Conservation Program on the Bridges in the Republic of Chile.

The study was carried out by Pacific Consultants International from September 1996 to
March 1998 to work out rehabilitation plan, sample rehabilitation design, aad standard
bridge CADD program for the rural road bridges in Chile, based on the terms of references
drawn up by the Japan International Cooperation Agency (JICA). The study results were
collected in the {inal report, Volume 1 to 8.

We hope that the report will be useful for the MOP (Ministry of Public Works of Chile) to
implement the rehabilitation,

We wish to express our thanks to the JICA, the MOP, the Embassy of Japan in Chile for their
cooperation given to us in the course of the study.

Yours faithfully,

Takashi Chuj

Team Lea

The Study on the Rehabilitation and
Conservation Program on the Bridges
in the Republic of Chile
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CHAPTER I GENERAL
1.1 INTRODUCTION
1.1 Introduction of the Study

In response to the request of the Govermment of the Republic of Chile (hercinafter referred to as ‘the
GOC"), the Government of Japan (hereinafter referred to as ‘the GOJ’) decided to implement the study
on the Rehabilitation and Conservation Program on the Bridges in the Republic of Chile (Phase 2)
(hereinafter referred to as “the Study’} in accordance with the Agreement on Technical Cooperation
between the GOC and the GOJ signed in 1978,

Accordingly, the Japan Intemational Cooperation Agency (hereinafter referred to as ‘the JICA"), the
official agency responsible for the implementation of the technical cooperation programs of the GOJ,

started to undertake the Study, in close cooperation with the authorities conceined of the GOC.

In March 1996, the JICA dispatched the Preparatory Study Team headed by Dr. Koichi Yokoyama to
the Republic of Chile (hereinafler referred 1o as ‘Chile’) for the purpose of discussing the Scope of
Work for the Study (hereinafier referred to as ‘the S/W').  The S/W together with the Study schedule
was agreed upon between the Ministry of Public Works (hercinafter referred to as *the MOP') of the
GOC and the JICA Preparatory Study Team.

The JICA commenced the Study in August 1996 by employing a Japanese consultant *Pacific
Censultants Intemational” and completed it in July 1998,

1.1.2 Background of the Study
(1} Situation of Rural Bridges in Chile

The bridges for the Study are categorized in rural bridges and characterized by *many and small timber

bridges with low loading capacity’ and ‘few but heavy load traffic’.  The MOP recognizes the
existence of some 8000 rural bridges under its jurisdiction in the whole country.

+  The most rural bridges are timber bridges. In reality, out of 200 bridges the Study Team
inspected in the VIII, IX and X regions, 95 % were small timber bridges being guarded by
load limits less than 12 tons.

. Very few traffic, only about 100 to 200 cars per day, was surveyed at most bridge sites, but
the ratio of heavy vehicles was quite high on some bridges focated on the Jumber and
© construction material transport roads.  Heavy lorries which seemed 1o load about 20 to 30

tons, are likely to damage the timber bridges. The lumber and mining industries have

11



reinforced or built such timber bridges by themselves for transport of their products.

‘Tunber bridges generally deteriorate depending on preservative treatment, faster than concrete and
steel bridges.  That is, all timber bridge elements must be periodically replaced; the regional MOPs

have experienced minor replacement in about every § years and major replacement in 10 years,

Therefore, the rehabilitation of timber bridges has been one of the urgbnt issues in the MOP 10 be

solved; about 40 to 50 timber bridges have annu ally collapsed in last 10 years for lack of maintenance.
(2) Rchabititation Policy of the MOP

In recent years, situation of the timber bridges in Chile has changed: their advantages of low-cost and
casy construction were rapidly lost, but on the contrary the problems sf)cciﬁc to timber bridges have
become conspicuous such as need of frequent maintenance and rise of timber cosl.  In such sitvation,
the maintenance of timber bridges is now laboricus and costly for the MOP cbmpared with that of
concrete or steel bridges. The MOP, therefore, intends lo gradually replace timber bridges with

permanent concrete or steel bridges.
1.2 OBJECTIVES OF THE STUDY

The Study has the following three major objectives to technically assist the MOP in rehabilitating the

rural bridges:

M To prepare a rehabilitation plan for about 1000 bridges on rural and transversat roads,

@ To prepare sample rehabilitation designs for 20 bridges, and

3 To develop a standard bridge CADD (computer aided design and drafting) program, and to
prepare standard bridge design drawings using the CADD program.



13  SCOPE OF THE STUDY

In order to achieve the objectives mentioned above, the Study includes the following activitics:

(1) Bridge Rehabilitation Plan

(2)

3

s o=

b=al .- B PR A < P o

Coneept 6f bridge rehabilitation plan.

Bridge inspection and inventory preparation.

Socio-economic and traffic survey.

Compilation of bridge im"emory and traffic demand.
Bridge rehabititation cost estimaie.

Priority list for bridge rehabititation.

Project investment plan for bridge rehabilitation.

Study of bridge management and maintenance.

Bridge Rehabilitation Design

m ™ & & 0 &

Survey on bridge design and construction practices in Chile.
Selection of object bridges.

Method for bridge inspection.

Bridge inspeciion,

Initial envirconmental examination.

Bridge rehabilitation design.

Bridge rehabilitation cost estimate.

Preparation of manuals.

Devclopment of Standard Bridge CADD Program

@ oo g6 T

Survey on current computer use in Chile,

Types and design conditions for Standard bridge.

Proposcd CADD program system.

Selection of computer-hard and soft-wares.

CADD programming.

Prepéralion df standard bridge design drawings by CADD programs system.,

Preparation of manuals.



14  STUDY APPROACH AND SCHEDULE

The Study was carricd out in ﬁrin‘ciplc based on the S/W which was agreed between the MOP and the
JICA Preparatory Sludy Team in March 1996. The Study was divided into Phases | through 1 (three

fiscal years) and these phases were further subdivided into a total of nine steps.

Phasel  (August 1996-July 1997)

Step-1 Preparation to start the Study (Inception Report). (Worlg in Japan)
Step-2  First Bridge Rehabilitation Plan and CADD Study | |

{Progress Report {1)). ~ (Work in Chile)
Step-3  Development of CADD Program. (Work in Japan)

Phase H  {June 1997-March 1998)

Step-4  Bridge Inspection. (Work in Chile)
Step-5  Bridge Rehabilitation Besign (Interinn Report). . {(Work in Jdpan)
Step-6  Sccond Bridge Rehabilitation Plan (Progress Report (2)).  (Work in Chile)
Step-7  Preparation of Manuals (Draft Final Report). (Work in Japan)
Step-8  Explanation of Draft Final Reporl and Seminar. {Work in Chile)

Phase 111 (May 1998-July 1998)
Step-9  Completion of the Study {Final Report). {Work in Japan)

The general work flowchart of the Study is shown in Figure 1.1,



15 STUDY ORGANIZATFION

The leA Study Team was organized by the JICA and comprised of the members of Pacific
Consultants International (PCI). The Chilean counterparts were oiganized by the GOC and
comprised of the members of the Bridge Departinent of the MOP.  The organization chart is shown
below,

Japan International Government of Chile
Cooperation Agency (GOC)
(JICA)
|
HCA Ministry of Pubtic
Advisory Committee Works (MOP)

Study Team

JICA Study Team =¥ Chilean Counterparts

' Figure 1.2 Study Organization

The member of the JICA Study Team (hereinafter simply catled “Study Team') is listed in Table 1.1.

Table 1.1 Member of the Study Team

Name Assignment

Takashi Chujo Team Leader/Bridge Planner
Tuyoshi Sasaki Transport Planner

Kiminari Takahashi Traffic Engincer

Toshio Kachi Bridge Rehabititation Planner
Torao Tokozumi Bridge Engineer (Superstructure 1)
Jiro Koyama Bridge Engineer (Superstructure 2)

Toshio Ueno

Bridge Engineer (Substructure)

Motoyoshi Yamada

Regional Planner

Akira Shikichi’ Bridge Maintenance Planner
Masamitu Toriyama Transport Economiist
Riroyuki Takano Construction Planner/Cost Estimator

Hiroshi Tanaka

Environment Speciatist

Tsuneo Kitagawa

Software Planner

Isamu Nishida - Scftware Designer (1)
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CHAPTER 2 BRIDGE REHABILITATION PLAN
2.1 CONCEPT OF BRIDGE REHABILITATION PLAN
2.1.1 Purpose of the Plan

‘The purpose of the bridge rehabititation plan is to advise for the MOP in simple and practical manner
to shape a rchabilitation plan for rurat bridges but not to prepare individual bridge rehabititation
design.

Up to the prescnt, the MOP has repaired bridges when damaged, and thus has not necessarily had a
planned method of investment in rchabilitation. "However, with a large number of bridges in
deteriorated condition in rural regions, planned investment has become a necessity and ways in which

effective usc of a limited budget became an issue.
2.1.2  Bridges for the Plan

The MOP has been intending the rehabilitation of rural bridges.  Therefore, the MOP would take the
opportunity of the Study to adopt about 1000 bridges for the first phasc of the rehabilitation of some
8000 rura! bridges said to exist in the country,

* The MOP sefected 1000 bridges throughout the conntry according to the following three conditions:

»  DBridge length not less than 10 m.
«  Vehicle load limited to around §2 tons.

«  Damaged or deteriorated severely.
2.13 Concept of the Plan
(1) Siratified Planning

The 1000 bridges are divided by regions to match up with the administration divisions of the MOP.
The plan is first conducted in each region, and the results of each of the thirteen regions are totated to

make a nation wide plan.  This concepl of the stratified plan is illustrated in Figure 2.1.



Region Bridge Grouping by Prionty Project Investment Plan

I j f H_u;L Prio ‘a[r How m}» ity Regional Plan
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-
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1%}

roupil\ E of 190 Bridkes National Plan
Figure 2.1 Regional and National Level Plans

Of the 1,000 bridges chosen nationwide, 110 bridgeé in chion IX were studicd first as a model. The
MOP then studied the remaining bridges in the twelve other regions based on this model.  Region 1X

was chosen for mode! study as it was known Lo have a particularly large number of timber bridges.
(2) Evaluation Indices for Priorities

In order to fairly evaluate the prioritics of rural bridges, many of which have low remrh of investment,
bridge safety and social aspects were also taken into considecation. = The three indices chosen for

evaluation are representative of the MOP’s project policy.  See Figure 2.2.

+  PBEconomic index : Ratio of réhabili(alion cost to traffic volume (representing project
benefit).

+  Safety index : Amount of bridge damage. Dangeroﬁs bridges take 'pri'c;r.i.t.y regardless
of traftic volume or cost.

«  Social index . Based on ratio of local income Lo national avcragc.. Re.g'ions of lower

income take priorily in public investiment.

The rate of priority is evaluated by calculating the three above indices and finding the total index
figure alter considering added weight of government policy.

. Local Income
*. Social Index =

National Average Incoine

Traflic Volume

. Feonomic Index = -
: Rchabilttation Cost

Safety Index = Rank of Bridge Damage

Figure 2.2  Indices for Rehabilitation Priority
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(3) Grouping of Bridges by Road Link

In order that the bridge rehabilitation be effective, it is advised that subsequent bridges along the same
route be rehabilitated in the same phase.  The road segment, defined as a stretch between two major
intersections having the same traffic volume, which contains project bridges, is called a “road link”.

Multiple numbers of bridges within the segment are to be treated as a group.  Sce Figure 2.3.

Group of Bridges

Figure 2.3 Grouping of Bridges
2.1.4 Process of the Plan
(1) Process

Bridge rehabilitation plan was worked for 1,000 selected bridges.  First, bridge inventory {location
and present condition of bridge) was made. In addition, sociceconomic data (population, income,
traffic volume, etc.) was collected to measure the social and economic needs of the bridge.  From the
above data, rough esfimates of rehabilitation cost and evaluation of priority were then made, and

project investment plan was drawn up based on this information.  Sce Figure 2.4

{Data Collection) { Sociocconomic & Traffic Survey Bridge Inspection
i i
~ Y __ ¥
Rehabititation Policy
(Data Process) < y r J- r
Local Income Tralfic Volume Rehabititation Cost Bridge Condition
= 1 | | L |
) S 3 3 ¥
Rehabilitation Priority Rehabilitation Cast Bridge Inventory
(Oulpat) < ¢ 1 L !
L Project Investment Plan

Figure 24 Process of Rehabilitation Plan



(2) Surveys and Pata Cellection

The purpose of surveys is to collect the site information attending fo the bridges necessary for

rchabilitation planning.  The information includes:

Bridge inventory and condition.

«  'Traffic volume on objcct bridges.

Socio-cconomic data in regions.

+  Rehabilitation criteria and approximate cost.
To collect the above information, the folowing surveys were carried out:

»  Bridge inspection.
. Socio-cconomic data collection.

o Traffic survey.

The methods employed and the results of the above surveys the Study Team has conducted in the

model region are reporied in the succceding Chapters 2.2 through 2.4.
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2.2 BRIDGE INSPECTION

2.2.1 Selection of Bridges

The purpese of bridge inspection is to collect bridge inventory and condition data which are the basic

information necessary for the bridge rehabilitation planning.

The MOP selected 1,000 bridges for the inspection throughout the country.

The inspeetion work of

the 1,000 bridges was sharcd between the Study Team and the MOP.  The Study Team inspected 200
bridges in Regions V111, IX and X and the MOP inspected the remaining 800 bridges in other regions.

Table 2.1 shows the number of bridges by regions the MOP selected.

Nwmber of Bridges Selected by Regions

Region Capital N;r:g;: Sof [l\spc;;%l;\y the lnspeclc(rircl?:n:hc Study
1 Tquigue 2-2 22 0
] Anofagasia 16 16 0
111 Copiapo 62 62 0
v La Screna 100 100 0
v Vakoarausi 100 100 0
Vi Rancagua 104 100 0
Vil Talca 100 100 0
VIIl | Conception 95 55 40
3.4 Temco 110 0 S
X Pucrto Monit 95 45 50
X1l | Coihaique 50 50 0
X1 | Punia Arcnas 100 100 0
RM | Santiago 50 5 0
Total 1,000 800 200

Of the 200 bridges inspected by the Study Team, the inspection results of 110 bridges in Region 1X

were used for the model study of rehabilitation plan.

2.2.2 Inspection Method

(1) Preparation of Inspection Form

An inspection form was designed keeping the following points in mind:

to cover all the necessary data for the rehabititation plan, and

to be usable as a general bridge inventory system in the MOP.



The proposed inspection form consists of:

)]

(D bridge inventory form,
(@ bridge condition rating form, and

@  repair method and quantity form.
p q

Inventory Form includes:

+  general information of bridge such as name, construction year, tocation map, river condition
~ and other administrative data,
. slruc(ural details including bridge type, l{m'jor dimensions, proﬁlc and cross-sectional
sketches, and | ' ‘

. photographs of side and front views and typical damages.

Condmon Rating Form is to note kinds and magnitude of damagcs for cach part of a bridge
structure namely superstruciure, subslmclum and acccssones (expansion joints and bearmgs)

classifying cach part inte primary or sccondary meniber accordmg to structural lmponfmu,

Repair Method and Quantity Form is o note probable repair methods and approximate quantities

proposcd at site, in combination with the condition rating form by span and element.

Based on the above idea of inspection forms, the following nine (9} inspection sheets were derived.

1)

2)

Inventory Form

Sheet | General Information
Sheet 2 Structural Details
Sheet 3 Photographs

Bridge Condition Rating Form, and Repair Method and Quantity Form
Sheet 4 Condition Rating (Superstructure) |
Sheel 5 Repair Method and Quantily (Superstructure)

Sheet 6 Condition Rating (Substructure)

Sheet 7 Repair Method and Quantity (Substructure)

Sheet 8 Condition Rating and Repair Melhod/Quami'ly (Accessorics)
Sheet 9 Code Table of Damage Type, Degree/Rating, and Repair Type

The above inspection forms filed with a sample data and the guideline are presented in Appendix I-1
{(Volume }/8).

(2) Inspection Method

Bridges were visually inspected and site information was collected in accordance with the inspection
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form. ~The inspection tools used were measure iapes. mcasure ropes with sinkess, binoculars, and
cameras. Bridgc condition was inspected span by span and clement by element.  Damages were
noted on the form by prescribed damage codes to show damage types and by condition rating numbers
to show degree of damages.

2.2.3 Rating System for Bridge Condition
(1) General Definition of Condition Rating

In order to standardize various condition-states of any bridge-clement, a numerical rating system

categorized into five ranks was recommended. Scc Table 2.2.

Table 2.2 Rating System for Bridge Condition

Rank Definition
5 ‘Good, New or Like-new' condition, no sign of distress or delertoration, No repairs necessary.
4 ‘Functioning as Originally Designed’; insignificant deterioration or distress docs not

reduce the capacity of the elements under inspection nor their ability to function. For
example, an expansion joint or bearing which is corroded but has not lost any effective
strength and still peemits the required movements. Minor repairs can be made to alleviate
distress or eliminate deterioration.

3 ‘Not Fuhctioning as Originally Designed’; serious deterioration (and/or distress), sufficient to
reduce the element's structural capacity and or its ability to function as designed. When this rating
applics to primary elements, the bridge must have the maximum design toading reduced

accordingly. Immediate repairs must be made to return the structure to desiga capacity.

2 ‘Potcalially Hazardous’; such a rating in primary members implics there is a danger of collapsc
under any further use of this struciure and bridge should be closed to traffic hnmediately. When
such rating applics to sccondary elements, it can be cause of vehicular or pedestrian accidents and

should be correcied immediately.

1 ‘Dangerous’; bridge already closed, conditions beyond repair, imminent danger of collapse or
g ¥ P

atready collapsed. Structure to be demolished.

(2) How to Rate Bridge Condition
1} How to rate cach element

Condition raiing shall be praclié_cd by visual inspection from close range {not just looking for a mere
overyiew using binoculars from distance}, span by spﬁn and element by element.  Inspected damages
are to be noted on the form by the prés.cribed damage codes to show damage types and by (he
condition rating numbers to show degree of damages. The guideline for rating bridge condition is
given in Appendix I-1 {Volume 3/8). | |



‘The condition rating of a span or an clement shall be decided by taking the worst rating rank among

the damagcs'nolcd on the primary members of the span or the element.
2) How 1o ratc a bridga totally
The condition rating of a bridge as a whole is determined as fdllow_s:

(D Bridge structure is divided into primary members (such as structural clements of main
beanis, abulmenlsibiers, etc.) and sccond'ary members (such as pavement, b)_cpansion Joints,
paint, etc.). Conerete deck slab is generally considered to be primary member. However,
timber deck slab is considered to be secondary, because it can be partially or totally replaced
easily.

@ The worst rating among the ratings of various damages in a primary member shall represent
the rating rank of the span or ihé abutment/pier.

(3 The worst rating rank among the ranks of all spans and ébulmcnlsfpiers of a bridge

represents the rating rank of the bridge as a whole.

The total rating of a bridge would be used to calculate the safety index for appraising rehabilitation
priorily, and be a basis of deciding rehabilitation action of the bridge.

224 Results of Bridges Inspection

(1) Inspection Werk

Bridge inspection for the 200 bridges was carried oul by two teams in Regions VI, IX and X from
October 30 to December 5,1996. Bach team consisted of two Japanese bridge engineers, a MOP

engineer from respective region, and an English-Spanish interpreter.
(2) Inspection Procedures

The inspection work was carried out by taking the following procedures.

1)  Bridge location and administrative data

Before going lo site, location and administrative data of bridges ware obtained from the existing

inventory of the MOP.  Bridges location was plotted on the road map and grouped to prepare the
inspection schedule. '

2) Geographic and river condition

Topographic condition surrounding the bridge was observed and classified to be steep, hill or flat.

River condition such as meandering, obstacles to flow, driftwood, riverbed and velocily of flow were
inspected.  River widih was measured at the point of bridge.  Past earthquake and flood water level

ware inquired to local residents.

&



3)  Bridge type

Bridge type was classified by material and structural type of major bridge components.  The material
types inspected were timber, concrete and steel, 'l‘he superstructure type was defined by the kind of
main beams like beam, truss or arch and by the supponmg ‘condition, simple or continuous. The

substructure type was defined by the lype of pler!abulmcm such as column, wall or frame. The
foundation type was defined by spread footing or p:les.

4) Dimensions of bridge structure

Tape measure was u‘aed for the measurement of bndgc slruclures For the bridge members where
access was difficult, dnmens;on was measured with the eye.  Bridge length was measured for the

distance between the front faces of back-wall of both abutments.  The height of substructure was
measured from bridge seat to ground level.

5) Damages

Damages were visually inspected from close rahée:. Where access was difficult, binoculars was used.
The kind and magnitude of damages were decided at the site by the engineer’s judgement. To decide

the rank of damage, the damage magnitude tables preseated in Bivision 111 of Bridge Manuals
(Volume 6/8) were used from time to time. '

3 Results of Inspecuon

The bndgcr. inspected by the Sludy Team were 110 bridges in Region 1X, 50 bridges in Region X, and

40 bridges in Region VI, tolal!y 200 bndgex but aciually 193 bridges were inspected; 7 bridges did
not exist. '

The location of the inspécgéd bridges are shown in Figure 2.5.  The list of inspected bridges and the
results of condition rating are attached in Append_ix I-2 (Volume 3/8). The results of the bridge

condition rating in Region 1X (modél Sludy) are summarised in Table 2.3.

Table 2 3 Summary of Bndge Condmon Ralmgs in Region IX

(numbcr of bridges)
_ : : Condition Rating
Bridge Type 1 (bad) 2 3 4 S(good) |  Total
Timber Bridge 6 50 25 6 10 97
Concrele Bridge 0 0 0
Steel Bridge 0 8 2 1 1 12
Total 6 58 27 1 i1 109

The cnginccring examination of the inspected bridges is presented in the next Chapter 2.2.5,
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22,5 Engincering Examination of Inspected Bridges

(1) Structure Type, Spaw/Leagth and Nalerial

1) Structure type : The inspected bridges in Region VI, IX and X are classified by the
following material types of major elements:
Type Deck Stab Main Beam Abutieni/Picr Percentage
. Timber Timber Timber 62 %
2 Timber Timber Concrete or Steel{rail) 25 %
3 Timber Steel Concrete 10 %
4 Concreic Concrete Concrele 3%
Total 100 %
2}  Roadway width . All bridges have only one-lane roadway varying between 2.0 and 5.5 m in

curb-to-curb width,

3) Supporicondition :  Most bridges are simply supported except six timber, three concrete and

two stecl bridges which are continuously or rigidly supported.

4) Span length :  Span length ranges according to type and material as follows:
«  Timber beam I<L<Ii8m
»  Timber beam (Fink type¥) I6<L<26m
. Timber beam (Rigid {ramc) 30<L<35m
v Stecl girder T<bL<35m
. Concrete beam 10<i.<20m

* Timber beams reinforced with steeld tie-bars (1.0-1.5 inch in diameter)

) like tension cheord of truss under beam.

3y The longest bridges over 100m:

Region Bridge No.  Bridge Name Span & Length Type
X 32 Medina 6@283=1700m Steel simple -beam
X a3 Naguilan 8@ 200=1600m Steel simple [-beam
X 25 Quinchilca 7@20.1=141.0m Continuous concrete beam

6} The longest timber bridges:

Region Bridge No.  Bridge Name Span & Length Type
X 16 Quilmo 10 @& 10.0=1000m Simple beam
X g6 Malleco 10@92=920m Simple beam
X 98 Lealtad 70 3.1=637m Simple beam
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The following photographs show the typical bridges inspected.

[ RO

@ Concrete Bridge (No. X-01 SAN JOSE N1 @ Timber deck stab (No. X-5 QUILLEN)
(2) Timber Bridges

Timber bridges are the most common type on the rural roads in the central southem zone of Chile, and
they have been constructed not only by regional MOP but also by private enterprises (lumber industry
and farmland owners) who need roads to transport their commodilies and products.  Although the
MOP has a simple standard design for timber bridges, construction of them has been not necessarily

based on strict design but rather on experiences of technicians and availability of materials.
The timber bridges inspected are featured as follows:

+»  Spanlength 3~18m
«  Number of main beams 4 ~ 6 nos.
+  Depth of beam 30 ~ 40 cm

+  Thickness of deck slab about 10 cm
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Characteristics of the timber bridge work are:

+  Construction and repair are based on experience and manpower, not on strict design and

equipment.
+  Major repair method is replacement of damaged or deteriorated timbers.
. For malerials, Coigne and Oak are used for beams, deck slab and plank ftoor, and

Eucalyptus is used for beams and picr columns,

There were decay caused by fungi or moss where timbers were in wet envicomnent, cspectally

substructure members, however no siga of atiacks from inscct of bectles and ants,
Typical tmber bridge inspected is Hlusirated below:

6~12m 30~42m

B |
Eﬁz@g} === =

%ﬁﬁ:y TP Ny ﬁﬁiﬁfﬁ
A HH -

A,

1

LI
1

[ =———

Figure 2.6 Typical Timber Bridge

(3) Load Limit

About 60 % of the bridges inspected had signboards to hmit vehicle icads.  According to the MOP
engincers, that was an effort (o guard old and less reliable bridges against heavy load traftie, and load
fimit was lowered as deterioration was getting worse.  The load limits inspected in Region VI IX,
and X are sunumarized in Table 2.4, The load limits of no signboard at site were acquired from the

existing inventory.
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Table 2.4

Ioad Limited Bridges

(number of bridges)
Load Limit Timber Beam Steel Beam Concrete Beam Total
2~61ton 36 2 0 Kt
~ 12 ton 126 11 0 137
~ 18 on 9 6 3 18
Total 171 19 3 193

The timber bridges of 2 ~ 6 ton load timit are those of alrcady severely deteriorated, foundations

scoured, bank eroded around abutments, or over 10m span length.

Traffic votume is few but truck percentage is high on rural roads. Lots of woods are produced from
the forest of the central southern zone, consequently they arc transporle.d on the rural roads and forest
roads are extended. Therefare, heavy vehicles such as trucks and sen{i-t'ralilers loading lumber
products and road construction equipment are passing the bridges even lhough' there are signboards

indicating less load limit.

When a heavy vehicle passed on timber bridge, abnormal deflection and ateral movement were often
observed. The timber bridges of which span length was less than 8.0 m and had six beams were

comparatively in good condition, and scemed to be stable up to 12 ton loading by our site inspection.
(4) General Problems of Bridges
The following problems are pointed out from the results of bridge inspéclion.

«  Over loads promote more damage and deterioration of timber bridges.

o Lateral movement of timber bridges occurs when a vehicle passes due to insufficient
diagonal bracing members ancl loose-joins of piers. _

+  Wooden handrails walhout diagonal supports threaten safety of pcdes!nans Sufficient
diagonal bracings shall be installed with bolts and nuts.

»  An observed distance of 15 ¢m from beam cdge to bearing seat edge of steel beams is
considered insufficient against earthquake. |

+  Bridge bearings(roller or plate) for steel and concrefe beams are severely rusted and do not
work functionally.

«  In many bridges, embedding depth of footing and pilcs(ralls) are relaiwe!y shallow evenin a

rapid curret.  For this reason, foundation of piers and abutments are scoured to a
considerable degree.  These scoured parts shall be corrected and protected without delay by

using wire mesh gabions, dumped stones or stone bags.

«  River banks around some abutments are eroded. Especially, a portion where hrldge beams



scats directly on a bank without abutment, arc in a serious conditton.  This erosion can be
controlled using rocksstone slopes, wire mesh gabious or timber plank piles.

«  Debris and \'cgclation around piers of multiple short span bridge, may reduce the width of
watcrways. considerably, then  increased \-'eldcity leads to more scour near  picrs.

Mé.intenance work to clear debris is occasionally required.
(5) Geography and River Condition

From west to east there are mountain area, flat or rolling arca and Andes mountain range,  The Pan-
American Highway (Roule 5) runs through longitudinal depressions between both mountain range.
The terrain of rural roads is rolling and hilly to some cxtent.  The rural roads are 4.0 to 4.5 meter

wide and the surface of roads is covered with gravel/earth.

The rivers in the mountain areas flow in torrents through steep slope, and river beds are made of rock,
boulder, gravel and lava stone layers.  On the other hand, the rivers in ffat/rolling area and coastal
arca, flow slowly and river are of sand or silty sand. Al rivers are natoral and not adificially

controlled. There are no river training works.

The main industries in this zone are agricullure and forestry, and there are many resources of
developing tourism in the lakes and mountain arca in the cast.  Rural roads have served farmers of

Mapuche Indians as means of transportation of lumbers and agricultural products, and tousists as an

access to small scale resort spots.
2.2.6 Computerized Bridge Inveatory System
(1) Purpoese of the Inventory System

For the bridge rehabilitation planning, it is necessary at first to grasp the inventory and present
condition of bridges. However, because the numbers of bridges to be rehabilitated are as many as
over thousand, a computerized inventory systei is proposed.  The system was devetoped not only for
the rehabilitation plan of the Study but also to take advantage of as a comprehensive bridge inventory
systein of the MOP.

(2) Program Design
The program, as shown in Figure 2.7, consists of the following three systems:

{A) Inventory System, _
{B] Cendition Rating System (including repair method and quantity), and
[C) Sorting System.

System [A] and {B] arc based on the bridge inspection forms designed in the preceding Chapter 2.2.2.
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General Information,

\SCIC\C“OH(
4 l
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(A} Inventory System
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General Information

Structural Petails

Photographs

Condition Rating (Superstructure)
Condition Rating (Substructure)

A
- rg Supcr-strucmrc,

Substructure, &
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4-1

Repatr Method
& Quantity

—t

Code Tabl

[13-1
[11-2

[4)-1
(511

Condition Rating (Accessories)

Sorting for General Information
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Code Table

{71-1
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[B] Condition Rating System

Data Input

¥

General Information,
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(C] Sortiﬁg System
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Bridge List &
Rating Table

Dimension of Superstrictore

Dimension of Substructure

Repair Method and Quaniily
Repair Method and Quantily

Bridge List
Rating Table

Figure 2.7 Concept of Inventory Program
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System [C] sortmg program was addcd for the complhiwn and analysis of mwmory dan The
program is madc with data base system making possible alt data input and searching by using data
linkage funcuon

(’3) Com p_titcr Hardware

The Study Team studied the cgrrenl computer use in the MOP and decided a DOSIV compulé.r. The

following set of hardware was selected, all of which were available in Santiago.

. IBM Apptiva L53 (Simm Memory — 32 MB, Hard Disk Memory — 2.0 GB)
. Cannén LBP 460 Printer

. EpSon 1000 C Scanner: to iﬁput bridge photographs and sketches inio data base.
«  Zip Drive (300 MB): to save data outside the computer hard disk.

{4) 'App!ication Software
The following application software was selected, all of which were available in Santiago.

«  Microsoft-Windows 95 as operation system
«  Microsoft- Office 7.0 Pro
. Mlcrosoﬂ Access for Windows 95 mdudlng Visual Basic Application deon

(5} Data Registraﬁon and Control System

1}  All inventory data arca controlled by bridge No. which is required for every data sheets.  Bridge
No. is given first by the region No. _ﬁnd followed by the bridge No. For example, *Bridge 9-
19" means the bridge of No. 19 in Region 1X (9).

2) Location map, pholographs and sketches are input by using scanner or digital camera.  The

program recognizes most drawing application software on market.

3) Bridge data are inputted and saved separatély by region.  ‘The data size of a bridge is about 1.0
MB including map and photographs. To save data for a region, use a zip disk of 200 M8 after
original capacity of 100 MB is expanded, considering maximum 150 — 200 bridges in a region.

(6) Invenfory Prograrh

hgure 2.8 shows the major dlsprays of the progmm developed, and the detall and operation sequence
of the program are gncn in Appendix I-3 (Volume 3/8).
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23 SOCIO-ECONOMIC STUDY
2.3.1  Socio-economic Framcwork

Forecasts shall be made of (rends until 2010 in socio-economic indicators that are necessary for
defining current traffic volumes, forecasting future traffic volumes on roads (bridges), and appraising
rehabilitation priority, which is a objective of the rehabilitation plan, and in doing so a framework for
the said trends shall be set.

The following three socio-economic indicators are forecast in both regional and comnunal tevels:

+  population
+  regional gross domestic product (GDP)

«  vehicle ownership number
232 Socio-economic Indices
(1) Population

Régarding population, because the Chile National Statistics Institute (INE: Instituto Naciona! de
Estadicas) has already' compiled region-scparate (region, province and commune) forecasts of
population until 2005, so the work here shall be limited to forecasting in 2010.

Described below is (he forecasting procedure of population in the year 2010 concerning the country,

region, province and commune:
COUNTRY to forecast, by time series trend, the Chilean national poputation in 2010,

REGICN to obtain the share of each region’s time scrics trend value within the control total value
which was forccast above as the mational population, and o cstimate the 2010 value for

cach regioa based on the said share,

FROVINCE to obtain the sharc of each provinee®s time series trend value within the control total
value which was forccast above as the 2010 value for each region, and to estimate the

2010 value for each province based on the said share,

COMMUNE  to obtain the share of each cominune’s time serics trend value within the conlrol {otal
value which was forceast above as the 2010 value for each provinee, and to estimate the

2010 value for cach commune based on the said share.

The popu?auon forecasts by INE unill 2005 and the popu!allon in 2010 oblained through the above
proccdurc are indicated in Table ( i)of Appendix I-4 {Velume 3/8), where incidentally, only Region
1X has connnunc-separate forecasts.
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{2) Rcgional Gross Domestic Product

With regard to GDP, it was only possible to obtain the following materials during the clourse' of the
Study: '

»  Region-separate GDP materials for 1985-1992 (Source: Banco Central de Chile) in Table
2.5' H H . .

«  Chile national GDP materials {Source: INE) for 1990-1995.

‘Table 2.5 Region Separate GDP (1985-'19'92)

Millones of'p‘e'sos'de 1986

REGION 1985 1986 1987 1988 1980(*) 1990(%) 1991 | 199209

1 107.052 112.375 114.682 117.273 126108 | 121828 131.198 141.620

i 208.681 212,376 212.099 229,753 269.505 271.978 289.155 303.012

1 19.560 50.071 54810 58,272 67.767 61161 | - 70939 79.951

v 71.610 79.169 80.288 96.791 102.011 102791 | 108.367 115.995

v 295.057 300.824 310.875 343.720 376.451 | 380935 |° 397111 | 423086

KM 1.206.161 1,208.103 | 1,403.961 | 1487188 | 1660442 | 1,736.398 | 1853863 | 2,080.761

VI 169.210 181.696 191.299 191.569 108.521 204.748 207051 . 22828

Vil 121.992 131415 136415 | 148823 151058 | 161150 | 185353 |  211.066

vii 335.024 311,175 358.891 386.724 309.363 109.815 420:243 157.223

1X 71.635 71520 £80.930 90205 | 91714 91790 | © 99083 | 102825

X 114.469 122,892 134,588 139.859 148562 | 161988 161.561 171.461

Xi 15.268 16.391 17.787 18310 189661 19171 20.974 21.792

Xl 99.314 100.767 10.6642 105,159 117.937 117.493 | 1163091 114.999

?{’3;10"; 2868406 | 3025301 | 3203107 | 3426979 | 3731438 | 3816816 | 4013202 | t452073
VA D Taxes| :

andothers | 396.937 393.905 111,481 181175 573.868 589.196 631.781 735.738
(!’l) . .

| P Pais | 3,238.003 3419200 | 3641681 3911150 | 1308306 | 4436012] 4,705073 | 5,188.711

Source:  Banco Centrat de Chile
{*) Pravisional Figures
{**)  Oiros corresponde a Servicios en el exterior del sector Administracién Publica

Using the above materials, the rcgion-separétc GDP were estimated by the following procedure in
1996, 2000, 2005 and 2010:

+ As was mentioned before, the Chilean economy has displdyed steady growth over lh'e. tast
ten years, with the GDP growing at an average of 7.4% per year in the five years between
1990 and 1995. ' '

«  Whether or not the economy can sustain this growth Vwi!‘l in some part depend on trcnd§ in
the world cconomy. However, according to figures published by the IMFE, the capital
formation vs. GDP ratio remained around the hi gh level of 269 between 1990 and 1995 and

the savings vs. GDP ratio, which supporis the capital formation, also remained consistenily
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high at above 22% over the same period.  When the flow of forcign capital into the country
is steady, it is considered that the cconomic environment in Chile is conducive to sure and

continued growth in the future.

. This view was shared by an cconomic analyst of Naciones Unidas {Cepal) in an unofficial
cxc.hangc of dpinions. Therefore, b'ased on lhis view, the future annual rate of growth of
the 'Chilcalil ecqnomj has becn estimated as follows:

19962000  Upper fimit 6.0% - Lower limit 4.0%
20002010 Upper limit 5.0% - Lower limit 3.0%

+  For the purposes of this study, the following intermediate points of the above figures shall be
utilized as the fulare cconomic growth rates:
1996-2000 5.0%
2000-2010 4.0%

+  Furthermore, regarding the growth rate in 1995-1990, the central forecast of 7.0% published
by Banco Central de Chite has been adopted.

»  Regarding forecast of the regional distribution of GDP, because no materials refating to
~ regional development and growth trends could be obtained, there is o choice but fo assume
that the development and growth that occurred between 1985 and 1992 will continue at the

same pace.  Thus, the future region-separate GDP was estimated by:

(D first obtaining time series trend values between 1985-1992 for each region from the
previously given.‘l‘ablc 2.3.2 (region-separate GDP for 1985-1992),

@ finding each region’s share of that total trend value, and then

(@ distributing the Chile national GDP figures forecast in @ above according to those

regional shares.

The future rcgior_l-scbaratc GDP values that were forecast through this procedure are shown in Table
{(2) of Appendix I-4 (Yolume 3/8).

h v ehicle Ow nership

Based on materials for the period between 1990 - 1995 provided by the INE, fotecasts of the number
~ of automobiles owned were carried out for the years 2000, 2005 and 2010 by the method described

. below classified by the four automobile types of ordinary car (automobil), freight automobile

{camionela), buses and other vehicles (ol{ras).



National Future Forecast
1) Ordinary Cars (Automobil)

. Asmmmg that the ownership of ordinary cars correlates to GDP divided by population, i.c.
the pcr capita regional GDP, actual daia from 1990 1995 was used to set and analyze a
correlation formula.  As the rcsull a correlation coefficicnt of 0.9897 was confirmed.

+  Then, by substituting the earllcr forecast values for GDP and populalmn into the corrclation

formula, the future level of ordmary car ownership was estimated.

Corrclation formula:  Yi=4.0x 10° (GDP UPopulauon ) it
where, Ri= = .9897 '
Yt = Automobil ownersﬁip int year
GDPt: = GDP in t year

Population t: Population in t year

2)  Freight Veliiclcs {Camioneta)

« Assuining that the ownership of freight automobiles comrelates to GDP, actual data from
1990-1995 was used 1o set and analyze a correlation formula.  As the result, a corcelation
coefticient of 0.9939 was conficmed. ‘ :

»  Then, by substituting the earlier forecast values for GDP into the correlation formula, the

future leve! of freight automobile ownership was estimated.

Correlation formula: Yt =0.0005 (GDP )'¥*
where, R”=0.9939
Yt = Camionela ownership in t year
GDPt=GDPint year

1)  Buses

«  Assuming that the ownership of buses correlates to population, actual data from 1990-1995
was used to set and analyze a correlation formula.  As the rcsu!'t; a corrc!alion“coe-fﬁcicnt of
0.9803 was confirmed. | | |

«  Then, by substituting the earlier forecast values for population into the correlation formula,

the future levet of bus ownership was estimated.

Correlation formula: Y1 =8.0x 10" (Population )2
where, R*=09803
Yt = Bus ownership in ¢ year

Population t = Population in t year



®

$

4}  Othey Vehicles (Oiroé)

»  Regarding other vehicles {motoreycles, cte.), future ownership was forecast by estimating a

time scries trend based on actual data from 1990 (o 1995,

-

«  Regarding the forecast of the future owncrship of all types of vehicles by region,
hypothetical values were obtained for 2000, 2005 and 2010 by forecasting time serics trends
based on actual region-separate figures for 1990 to 1995, and the share of each region in

each of those years was calculated.

«  Following tha, taking the alorementioned national forecasts of vehicle ownership to be a control total
value, (his was distributed ameng the regions according to the said share of each to estimate the

region-separate forecast values.

+  Regarding the further distribution of the regional forecasts between the communes, this was
carried out by making estimates based on the share in terms of actval vehicle ownership of
the communes within the regions in 1995, (This estimation was only carried out for 1X

. region.)

«  The forecast values of future vehicle ownership oblained through the above procedures are
indicated in Table (3) and (4) of Appendix 1-4 (Volume %/8).
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24 TRAFFIC SURVEY
2.4.1 Procedurc of the Sur\'ey

{1) Data Source

MOP has conducted traffic censuses every two years and the latest available traffic census data were

those of 1994, A supplementary traffic survey was carricd out by the Study Team to complement the

above traffic censuses,

(2) Objecli\'e and Process of the Survey

Objectives of the survey are:

» todefine Road Link for the traffic survey and for grouping neighboring bridges as a project

unit of the rehabititation plan,

+  to estimate of traffic volume on cach Road Link at present and in the future (target year

2005), and

« then, to work out a benefit-cost ratio indicator which is one of rehabilitation priority

appraisal indices, where the estimated traffic volume represents a benefit.

The traffic of ihe rural road has the following characteristics :

»  Traffic volume is small but fluctuates by season.

»  Through traffic is rare and trip length is short.

Therefore, cach region or commune is defined as an independent zone for traffic study.

out-flow traffics fromflo other zones are considered.

Process of the traffic survey is illustrated below.

Dehining Bridge Location and Road Links

1
¥ ¥
Existing Traflic Data Supplementary Traflic Survey
L ]
¥

Present Traffic Volume

Socto-cconomic Study

!
»
3

4

Future Traflic Volume

>

Figure 2.9 Process of Traffic Shrvey
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{3) Defining of Bridge Location and Road Links

“Road Link™ is defined as an elementary unit of road network between two adjacent intersections

without any branch in it, where aniform traffic volume is assumed.

Bridge Iocalidn and Road Links are defined in such procedure as follows:
Step t Prepare a MOP road map of a region(s = 1/250000).
Step2  Plot bridgc location on the map and define road links.
Step 3 Plot existing lrafﬁc(cemus 1994) data points and define the Road Links not covered by
' the census,

Step4  Decide points for supplementary traffic survey.

Figure 2.10 shows the sample result of the above procedure practiced for the model survey in Region
IX. ; '

2.4.2 Estimate of Present Traffic Volume
(1) Existing Traffic Data

Existing and usable data are the traffic census in 1992 and 1994 conducted by the MOP.  The census
has been carried out in three seasons (';ummer winter and spring) every (wo years at mter‘:ectlons of
major roads nallon wide in the counlry, by seven VCI’HL]E types of ':edan small truck, two-axle mlck
over-lwo-axle truck, semi-trailer truck, full railer trck, and bus!laxl bus. The main parts of the
census are §2-hour traffic data. 24-hour data and 12-10-24 hour traffic ratio are also given at several

points in each region.
From the census, the following traffic data are collected:

. 12-hour traffic déla of seven vehicle types in four seasons of 1994
' 12-ta-24 hour traffic ratic (heréinaﬂer referred ta as 12724 ratio) in 1994,
»  seasonal-te-annual average traffic ratio (hereinafter referred to as S/A ratio) in 1994,

. rate of traffic increase from 1992 {o 1994,

The census traffic data of seven vehicle types are unified into three types of passenger cars, trucks and
busftaxi. The census traffic volumes of 1994 are converted into the present figures of 1996 by
multiplying the rate of the past traffic increase from 1992 to 1994 of the census.  12-hour traffic data
are modified to 24-hour (daily) traffic by multiplying 12/24 ratio to the 12-hour traffic. Daily (24-
hour) traffic data in three seasons are averaged to convent 10 annval average daily iraffic (hercinalter
referred to as AADT).
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2) Supplementafy Trallic Survey
At the points defined in Step 4, supplementary traffic survey was carried out in the following way:

«  Vehicke lypes are paééengcr cjdr, truck and bus/taxi,
«  12-hour traffic be counted between 7:00 and 19:00 on week days.

The cesults of supplementary traffic survey {a scasonal and 12-hour data) arc converted into AADT by
applying the 12/24 ratio and S/A ratio in 1994 of the census. |

(3) Summary of Present Traffic Volume

In Table 2.6, the present (1996) AADT in chion lX derived from both the wraflic ccﬁsus (1994} and
the supplementary teaffic survey, is summarized.



Vehicle Types -
Dala Source

Table 2.6 Present (1996) Traffic Volume in Region 1X
B = Truck, C = Bus/Taxi ) '

A= Pass;:ngcr Car,

Cent = Consus{1994) Point i,

Sup.i = Supplementary Survey Point

(nunther of vehicles) .

Road | Bridge 12-1tour Traflic Volume 24-Hour Traflic Volume AADT(1996)
Link No. A B C Data Source A B C A B C
No. ' - - '

I 74 3 44 3] Sup.d 4 60 4 4 56 4
2 92 3 44 i Supi 4 &0 4 4 56 4
3 86 3 44 3 Supl 4 60 4 4 56 4
4 98 1,626 245 189]  Sup?2 2,309 333 2538 2,168 313 218
5 67 3 27 4 Supi 4 a7 .5 4 4] 8
5 63 : - :
6 st 3 34 0] Sup6 4 46 fi] 4 43 0
7 50 3 34 0f Supé 4 46 0 4 " 43 0
8 70 2 123 2| Sups 3 167 3 1 157 3
9 69 1 120 2| Sups i 163 3 | 153 3
10 59 2 15 ol Supd 3 20 o] 3 24 0
10 61

10 62

1 58 2 15 of Supo 3 20 0 3 24 ol
1 60

12 79 4 46 3 Sup? 6 63 4 7 75 5
13 52 4 46 3 Sup? 6 61 4 i3 146 9
13 53

13 54

13 55

14 100 30 45 2] Cenls 4 51 2
15 56 7 98 i Sup1o 10 133 4 12 159 5
16 95 13 49 1 Cen23 15 56 1
17 66 6 110 1| Sup.lil 9 150 1 10 178 2
13 47 42 105 7 Cen2l 48 120 8
19 71 106 214 9] Cen2t 121 244 10
20 7 3 42 1| Supi2 4 55 1 4 58 1
21 73 3 42 1] supa2 4 S5 1 4 58 1
22 63 ! 10 o Supl? ] 13 0 4 33 0
22 64

23 80 22 29 o] Sup.l4 31 18 ol 24 30 i
24 65 2 24 1| Sup.ls 3 3 14 5 57 24
25 57 8 95 13| Suplé 1] 125 16 20/ 224 29
26 81 [ 97 0] Sup.8 8 127 ) g 142 0
27 32 0 4 0| Supds 0 5 0 0 6 0
27 83

28 84 0 4 ol  Supds 0 5 [t} 0 6 0
29 87 1 5 0] Sup.l9 1 7 I} 2 7 0
29 88

10 89 ! 5 0] Sup.l9 1 7 0 2 7 0
31 78 10 19 2] Sup.i3 14 156 2 74 230 13
12 45 58 100 g8l Cen.36 67] 114 ;10
31 13 58 100 8{ Cens 67 114 10
3 12 SE 100 8] Cenis . 67 114 10
35 I 5 110 s| Sup22 8 127 s 16 . 272 1]
35 2 :

36 3 3 28 ol Sup23 4 38 0 8 - 81 T
37 90 i 1 2] Sup24 1 15 2 1 12 2
38 91 ] 9 2] Supad | 12 2 i i0 2
39 10 59 100 2| Censs - . 67 114 2
39 il
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40 4 22 61 0| Censs8 25 70 0
40 5
40 6
41 7 | 5 0] Supdt X 7 0 ! 7 Y|
42 8 1 s o sup.dl ] 7 ¢ 1 7 )|
4 9
43 101 13 59 3| Cense 18 67 3
4 | 1 2 12 21 Sup.26 2 43 2 2 al 2
45 | 31 i 10] - o] sup2i 1 14 0 i 10 o}
46 30 i 17 1| Swp27 i 23 1 ! 16 1
47 35 63| 139 20]  Cen8 7 158 23
48 36 ) IR 1| sup.29 13 167 i3 1 143 1
49 7 4 48 8] Sup29 3 65 9 ] 56 8
49 K ' '
50 ) w108 13]  Sup.28 13 146 £S 1 125 13
51 99 8 80 6] Sup3l 13 121 14 24| a2 25
52 43 7 99 7} Supds ) o0 6 T 95 7
53 42 8 % 4] sup.ds 9 1 7 10 118 8
54 44 8 80 6| sup3i 1 108 4 21 210 8
55 46 12 129 1] supdi 1 90 6 2i 175 12
56 15 3 35 ol Supis 16 145 12 14 129 10
56 16 ' ‘
57 17 4 45 4 supas 5 54 5 5 48 5
sg | s 12l 4 9| Sup.a3 16 173 12 14 154 1
59 1 19 7 89 t| Sup.34 9 107 ] 8 95 1
59 20 '
60 29 50 75 6] Cen.69 57 86 7
61 7 2 £y 2] Sups 3 44 3 6 101 6
62 24 10 19 201 Supa7 14 143 26 31 324 60
63 21 14 161 2] Sup.37 19 194 12 43 438 72
64 32 3 46 5| Sup.39 4 55 7 6 87 10
65 34 3 36 0] Sup.40 4 43 o] 6 63 0
66 13 3 25 1| Sup.a7 4 30 I 6 41 2
66 85
67 fi) 2 14 o] sup47 3 17 | 26 161 0
68 75 2 14 o] Supaz 3 17 ol 26 161 0
68 76
69 2% 3 3 of sup20 4 41 of K EE] 0
69 97
70 94 1 10 1| Sup2) 15 124 1 142] 1,185 13
7 48 1 102 1| Supat 15 124 i 142 1188 12
7 49 |
72 23 78 99 17| Cen.77 89 113 19
7 2 6 65 o] sup3s 8 78 | D 0
74 27 6 63 0] Sup.3s 8 78 of 39 372 0
75 25 45 14} 10] Cen.7s 51 161 i
75 2%
76 | 103- 3 28 2| sup32 4 34 3 4 36 3
110
77 40 [ 242 6| Sup4s 24 201 8 i8f 450 12
77 4 .
78 14 2 3 o] Sup.2s 3 41 of 3 43 0




2.4.3 Forecast of Feture Traffic Volume
(1) Usecof Sociceconomic Data (po!iulation and vehicle ownership number)
For the formulation of future traffic forecast, it is assumed that;

«  The private and commercial traffic (passenger car and truck) demand will increase in
propomon with the growth of the vehicle ownership numbers in a community, cons1dermg

1he characierislics of rural road 1raff ic as mentioned ahow

. The public traffic (bus/taxi) demand will increase in proportion wnh the growlh of the

population in a community.

Yorecast was made based on the AADT (1996) estimated in the previous Chapter 2.4.2, by

multiplying the ratio of increase of population and vehicle ownership number from 1996 i_o 2005. -

The poputation and vehicle ownership number of 1996 and 2005 in each region are already given in
Chapter 2.3 of this reporl.  Such data of commune or district tevel can be obtained by breaking down
the regional data fo][owi_ng the method explained in the chapter. A sample of breaking down the data
into the commune level in the Region IX (model survey) was given. ' | o

The formula applicd to forecast are:

For passenger ¢ and truck

Vehicle Ownership Number(2005)
AADT (2005} = AADT (1996) X

Vehicle Ownership Number(1996)

For busftaxi
. Population (2005)
AADT (2005) = AADT (1996) X

Popolation (1996)

(2) Summary of Future Traffic Yolume

In Table 2.7, the futere (2005) AADT in chion_lx is summ_arizcd‘.' In the region, the increase of

population in most communes is insignificant, so that the AADT (2005) of bushaxi is aciuélly
assumied unchanged from the AADT (1996).



Vehicle Ty

Table 2.7 Futurc (2005) Traffic Volume in Region IX

cS o A= Passéngér Car, * B=Twck, C=Bus/Taxi {ouinber of vehicles)
Road Bridge 1 Vehicle Ownership | Vehicle Ownership | Ratio of AADT (1996) AADT (2005)
Numbcr (1996) Number (2005) Ownership
S ' . Number
LinkNo.| No. [ A [ B JasB] a | B lasB 200571006 A [ B Jcialr]c
] 74 13] 17 6] 1o 2] -d6] 152 4] 56 4 6] 86 4
2 » 2 17| 39 3s) 30| 6] L4 4] 56 4 | 4
2 2 21 v 39| 35| 3] e3]  Ls4 of o
3 86 sib39] 90| 719 69 48] 164 4] s6 4 i1 9 4
] 08 43] 3] 6] e s8] o 125] e 217| 2.8t 238] 356 3.575] 238
s 67 s6| . 43| 100} 88| 76| 164 164 4 M $ 71 s7 5
5 |68 sel  43] 1oo] 88| 76| 164F . 164 0 0
6 - Sl 3 so] s 55| s4] 139 1.61 4] 4 of o 7] 0o
7 50 o7l 1) 28] 145] % ase] 161 4 4 of o 70 0
3 70 231 3 55| 3s] s3] s8]l 1.6l s 3 4| 252 3
9 69 471 63| 10} 70} 166] 176 1.61 11 153 3 2| 246 3
10 59 13y 17l 3] 9] 28] 49 teé i x4 OF sl 19 o}
i0 6! 13p 7 30] 19| 29 49 161 0 0
10 62 13l 1t 30l 9] 29] 49 16! of o0
1 58 a6l 49] &8s 540 &3] 137 e il 24 0 5| 39 Of
1 €0 3l 49|  85] s4] 83 137} 1.6l 0 0
12 79 851 78] 163] 126] 120] 245 1.5 HIEE s| o] e 5
13 52 1sh 4] 28] 2] 2 43 1.5 13] M6 of 20| 220 9
13 53 47| 4 9] 0 634 137 1.51 0 0
13 54 471 431 9ol 10 e7] 137 LS} 0 0
13 55 47| 43) ot 0] 7] 137 1.5t 0 0
14 160 il n 2 1 18] % 1.5} 4l s A s 7 2
15 56 7| 2 39 25t 8] &3 1.61 12{ 159 1 19| 255 5
16 95 5 7 12 gl 12 191 168 15] 56 1] 24 o0 !
17 66 5 1 12 g 12 19 161 10] 178 21 16| 286 2
18 47 40 40] o0] 57| 78] 135 151 481 120 sl 7| 180 8
19 71 6l 44 st sif 70l i1 1.51 120 2440 o] 82| 3s7] 10
20 72 28] 24 6] 40l sS4 9y 151 NS [ 7| &8 }
21 73 "l 7l my 20 271 47 1.51 4] s8 | 7| 88 J
22 63 281 25| s3] 3¢ 42| w1 1.52 q] 3 0 stos0 0
22 64 8] 1w ] | 18] 2% 1.51 0 0
23 80 18] ] 3| 25p 21| s 1.52 24| of 36l 45 0
24 65 109 100] 209] 1s4] 165 319 152 s| s 8] 86| 24
25 57 1st] 148] 309] 2270 244 4w 1.52 200 2241 291 30| =z40] 29
26 81 43 s3al 98] 62| 8] 148 154 9] 142 of w4 219 0
27 82 9l o 13| 17 30 1.54 0 6 o o 9 0
27 83 9 11 w13 a7 30| 1.54 of o©
28 .84 ol n| ol i3] 1] of 154 0 [3 0 0 9 0
29 87 18) 22 40f 261 35] 6l 1.54 2 7 0 ) n ¢
29 . 28 188 n|  40f 2] 35 61 1,54 o ¢
0 89 18] 220 “ao] 2¢] 35] el 1.54 2 7 of 2] n ¢
31 78 4] 48 o e4] 791 143 i.55 4] 830 13 141,283 13
32 45 18] 26] 44| 23] 42| 67 £.53 67] 114] 10] 102] 174] 10
33 13 ] 67 139] 115] 23] 238 1.1 67] 4] 1ol 4l 19s] 10
34 12 7| 67| 139] nis] 23] 2] a0 67] 14| o] 14| 196] 10
35 | 140] 128 266] 202] 207 40| 1.4 1] 27221 ul| 2] 418 1
35 2 | 40| 126} 266] 202] 207 409] 154 0 Y
36 3 40 457 o4 0] e8] 39| 147 gl 81 o u|l 119 0
7 0 1l n 23] 18] is] 3] 154 | 12 2 1| 18 2
38 91 12l n 23] 18] 18] el 1.4 | 1o 2 1EE 2
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251 Rehabititation Policy
(1) Definition of Bridge Management Action

To discuss the rehabilitation policy and criteria, it is necessary to define the following often used

terins:

«  Maintenance:  refers 1o the work to preserve the intended load carrying capacity of the

bridge and safety of the pubtic using it.

s Repair: refers 10 the maintenance work of larger scale than maintenance, aiming at

restoring the bridge to the service level it originally had or was intended to have.

o Strengthening: refers to improving the existing toad carrying capacity andfor geometry of
the bridge beyond the level it originally had. ‘Grade-up load carrying capacily’ and

‘wideniﬁg the deck’ are included here.

«  Reconstruction: refers to replacement of the whole bridge, since the cost and/or the extent

of sepair or strengthening may be beyond the acceptable economic or technical limits.
(2) Rchabilitation Policy

In principle, the rehabilitation decision (which may vary from no action, temporary action,
strengthening, 10 an outright displacement) of a bridge could be reached through a cost-benefil
analysis. However, this approach is too elaborate and so proves (o be laborious for the rehabilitation
of small-scale but large number of rural bridges. A simple criteria for decision-making was,

therefore, recommended in this Study based on the bridge inventory data.
1) - Forexisting timber bridges
The basic schemes are as follows:

+  Maintain the existing structures with minimum cost for their life spans but do not try to do
major repair or strengthening with expenses in order 10 prolong their lives.

. ']‘hén, within 10 years, reconstruct them with permanent structures but never with timber
agai.n.

»  Avoid partial or staged replacement with permanent structures.

The countermeasures by condition ratings are:



. The brldgcs rated to ‘1-dangerous’ shall be lohlly dunohshed and reconstructed to a

permanent steucture.  The conditions of such br:dgvs are beyond the rs,pa:rmg lc's cl.

«  The bridges sated to ‘2-poientially hazardous’ shall be Closéd to traffic to avoid possible
failure.  To resume traffic, such bridges need extensive repair or strengthening works and
the repairing cost is usually so high. Therefore, the oplion of total reconstruction 1o a

permanént structure may be cconomically feasible.

+  The brldges raled to “3-not functioning as originally desugm:d' shall be cepaired without
dclay by replacing damaged elements to recover load carrying capacity, and mamlamcd with
‘niinimwm cost as long as until they have lotally deteriorated. Then, ruc:onstrucl_ 10 a
permanent structure. I repairing cast is required so high as more than about 40 % of the

reconstruction cost, according to the practice in the MOP, reconstruction shall be carried out
in carlier stage.

«  The bridges rated to “4-functioning as originally designed’ do not need major repairs but
MiNoTF fepairs may be required to etiminate local detertoration. The bridges shall be

watched to mainlain the present condition as long as possible with minimum cost.
»  The bridges rated to “5-good, new or like-new’ need no repair action now.

Even of the bridges rated to ‘4’ or *5” now, in the next 10 to 15 years, timber bridges will inevitably
deteriorate and have to be reconstructed.  Therefore, for the rehabilitation plan of timber bridges,

reconstruction scheme is cansidered as the long term sodution regardless of the present condition.

2)  Por existing concrete and steel bridges

The basic schemes are as follows:

»  Maintain the existing structures by repairing as far as they hold the current road function

(width and load carrying capacity) to economize the rehabilitation cost.

»  For the bridges insufficient of width and toad carrying capacity, the reconstruction scheme is
recommended rather than strengthening.  The reconstruction of such' bﬁdgcs shall be
carried out in priority from the bridges rated worse. Aclué"y, the most cxisting concrete or
steel bridges selected for the rehabilitation plan were old (about 40 to 50 years since
construction), narrow (only one lane and less wider than':.l.(} m), and uncertain of designed
foad camrying capacity. |

The countermeasures by condition ratings are:



¢« The bridgés rated to *!-dangerous’ shall be demolished and replaced with a new shructure.

The conditions of such bridges are bcy'ond the repai riﬁg level.

+  The bridges rated to “2-potentially hazardous’ slia!l be closed to taffic for high risk of
failure. To resume tpafﬁé, the bridges need extensive repair or strengthening works bul in
many cases it will be a difficult and costly work to restore the original load carrying capacity,
Therelore, the reconstruction scheme is reconumendable for such bridges rather than ¢ilficult

repair work.

»  The bridges rated to “3-not func‘lioning as originally designed® shall be repaired not to
worsen the peesent condition and to recover load carrying capacity.  However, in case that
repair cost is estimated high and life expectancy of the repaired structure is not well
expected longer than 10 to IS years, the option of total reconstruction would be an
economically logical choice. If the bridges do not have sufficient width and load carrying

capacity, this tendency is more significant.

+ The bridges rated to ‘4-functioning as originally designed” do not nced major repairs but
minor repairs may be required to eliminate local deterioration.  Such bridges shall be
watched to maintain the present condition as long as possible. If the width and load
carrying capacity of such bridges are not sufficient for the today’s traffic, reconstruction

scheme is taken account into the future rehabilitation plan.

+  The bridges rated to ‘5-good, new or like-new’ need no repair action.  Such like-new
bridges shall be used for a while, even if the bridges do not have sufticient widih and/or load

carrying capacity, to avoid doubling rehabilitation cost.
For the rehabilitation of existing concrete and steel bridges, the following points shall be considered:

«  Owing to the material durability, the service-life of concrete and steed bridges (i is said over

50 years depending on stnucture Lype and maintenance) is longer than that of timber bridges.

«  During such long service life, the needs of rehabilitation arisc not only from the structural
deterioration but rather in many cases from the change of the socio-cconomic and
environmental condition surrounding the bridge (such as growth of traflic demand, change

of river condition, etc.).

e T he function of the existing bridges {such as roadway width, load carrying capacity, under-
bridge clearance, etc.) will be evaluated in the light of the standard design criteria for rural

bridges established in the Study, refer to Chapter 4.3 of this report.



2.5.2 Decision of Rehabilitation Methoed and Scale

Based on the rehabititation policy discussed above, the criteria to decide rehabilitation method and

scale was thought out as shown in Table 2.8 considering the following points:

»  Criteria shall be clear and simple for the MOP to deal wilth large aumber of bridges.

«  All the determining factors of criteria shall be comprehensive through out the country in

order to be casily collected from bridge inventory.

«  The results of tehabilitation decision shall match up to the current bridge rehabilitation

practices of the MOP.

This criter

ia was actually applied to the 110 bridges in Region 1X and the result was as follows:

Number of bridges: 110 bridges
Reconstruction with one lane: 62 bridges
Reconstruction with two lanes: 47 bridges

Repair: 0

__h_‘d action: 1 bridge

Most bridges in the Region IX resulted in to be reconstructed, because where 97 % of the bridges

wspected were timber bridges.

Table 2.8 (riteria for Rehabilitation Method and Scale

Determining Faclors
Traffic . e Bridge Load Carryin Rehabilitation
Volume Bridge Type Bdndgc (“%ndmfn Road\%ay Capacity Limﬁ Method and Scale
(pew/day) Wamage degree) | wigih (m) {ton) i
_Timber - - - -
tand 2 - - Reconstruction
< 4.0 - (one tanc)
I 499 Conc./Steel Yand 4 - < 18.0
=40 =130 Repair
5 - - No aciion
Frmber - - -
land 2 - - . Reconstruction
500 - <70 - (m_'o lanes)
Conc fSteed Zand 4 - <180
=70 =18.0 Repair
5 - - ' No aclion
Note:  “—* means unconditional. :

The tralfic velume of SOO pew/day is a dividing line for nﬁmbcr of roadway lanes (o.ﬁa or two) and
width (4.0 or 7.0 m). : : : o
The load limit of 8 tons is the rounded figure of standard design live load for rural bridges.



2.5.3 Rechabilitation Cost Estimate

l*ollowmg ihe dwmon of rchablhtalmn melhod and scale, cstimates of rehabilitation costs were
dmded into brldgn,s to be reconstructed and those to be repaited.  The costs referred to for estimation
are lhosc in Chile in 1996 and 1997. Tt is noted that the cost estimate for the rehabilitation plan is

bascd on a rough and simple assumption with limited accuracy.
(1) Reconstruction Cost
N Method of estimation

Reconstruction cost consists of the costs for construction of bridge, approach road, and bank
protection,

The cost of bridge was calculated by multiplying surface area of bridge by construction unil cost per
square meter.  The construction unit cost was presumed assuming pre-stressed concrete bridge, based
upon examples of the MOP's 1997 bridge construction orders, taking account of the results of cost
estimates for the sample bridge rchabilitation design of the Study.  The surface arca of bride was

calculated by multiplying standard bridge width (one or two lane) by existing bridge length.

For the cost of approach road and bank protection, a certain amount was set astde for 100 meters

(single lane or dauble lanc) of approach road and 50 meters of bank protection on both banks.

2)  Unit reconstruction costs

The reconstruction unit costs adopted are summarized in Table 2.9.  The breakdowns of unit bridge

and approach road costs are presented in Appendix -5 (Volume 3/8).

‘Table 2.9 Reconstruction Unit Cost

One lane Two lane o
Bridge cost 512,000 pesos/m? a
Approach road cost S 39,000,000 pesos/bridge | 45,800,000 pesos/bridge
Bank protection cost 2,300,000 éégoslbridge

3) Cost calculation

A simple “Excel” program was prepared to do cost calculation for a large number of bridges. Tabhle
2.10 shows a parl of the cost calculation for the bridges in Region IX with the explanation of

calculation process.  Full calculation results for £10 bridges in the segion are presented in Appendix
1-6 (Volume 3/8).



Table 2.10 Réponsiruction Cost Ca!culétion (Region IX)

1 [ 2 ] 3 | 4 5 6 7 8 ) 10 ¥
o Bridge - Bridge { Number Bridge Cost Approach Road River Toltal

link] Bridge | Comune CBridge | Bemgih [ _of  |Bridge Area] __Cost’ - Cost Protection Cosl Cost .
No.l No.. | - Name - | - Name “{m) | Lanes (m2) ] {x 1,000 pesosyl (x 1,000 pesos}] (x 1000 pesosy (x 1,000 pesosy
35 TIX-001 [TAUTARO _|NIBLINTO [ 2480 | 2 ] _.23312(  119,400] 458001 2300| 167,500
35 | Ix002[tAuTARD T |MUcoBATO | 3450 | T2 | Taass0) 165000 asgoo | T 2300 |  214,100
36 ) IX-003 ___|ouintriieE | 1000 1 000

40 1X-004 JuAMUCO ) 2200 1. i

40 1 1X-005 VlllARR A_ PEDREGOSO | 1650 ) 1 99.00

40 | 1%-006 IVILLARRICA [CALBUCO | 1308] 1 .

41 | iX007 |VILLARRICA [ELTIGRE ] 19501 | 11700 |

42 lX_—_Q_Q& VILLARRICA, [C 1000f 1 .

42 | EX009 [VILIARRICA EL nmwj i 70.20 A ) 200
(39 | X010 \«'HIARRICA 2180 Zz 45,800 2,300 48,100
- Input '_,,__.“‘___—____Ogtput

Calculation Process

Input Data
Column
Column
Column
Column
Column
Column

Output Data
Column
Column
Column

Column 10: Fixed cosis (2,300,000 pesos/bridge)
= Colamn 8 + Column 9 + Column 10

Column

[= ST A RPN

: Region No

: Road link No. where the bridge is
. first and followed by bridge No.
: Name of Comunt where the bridge is.

: Name of \he birdge.

: Exisling bridge length from inventry,

: Number of roadway lanes according to the criteria for rehabilitation method and scale.

7: = Column:5 x Standard bridge width (6.0m for one lane and 92.4m for o lane)
8: = Column:7 x Construction unit cost (512,000 pesos/ni2 )
9: Fixed costs (39,000,000 pesos/bridge for ore lane and 45,800,000 pesos/bridge for two ]ane)

15

{2) Repair Cost

)

For repair costs, unit cost per square meter of repairing area according to type of damage was sel and

Methed of estimation

multiplicd with damaged area ratio and surface arca of super- and substructure.

The damaged area

rutio is defined as the pereentage of damaged area requiring repair Lo total area of structure.

2}

Unit repair cost was prepared for each damage type being divided into superstructure and substructure,

Unit repair costs

and by the bridge material types namely concrete, steel and timber.

For the repair of concrete bridge, there are various repair methods for a damage, therefore to make it

simple, average cost was computed for each damage type through the data obtained from the répai_r'

designs in Chapter 3.4.2. For timber bridge, the principal repair method is seplacement of damagcd

members.

Therefore, the timber repair cost was estimated from the costs pmv;dod by the Mop. For

steel bridge, the principal repaic method is repainting for rust,




Table 2,11 shows major unit repair costs thus estimated, and their breakdowns are presented in
Appendix 1-5 (Yolume 3/8).

Table 2,11  Repair Unit Costs by Daniagc Type

(pesos/m’)
Damage Kind of Superstructure Substructure o]

Code i)ﬁnmgcé Concrete | Steel. | Timber | Concrete | - Steel Timber
BR [Breakage/Fallout | 12,400 31,600{ 25800 ~ 8,800| 26,500 18,000
CO  |Corrosion/Decay 9,900 13,600 25,800 9,300 12,400 18,000
CR |Crack a7,000| 29400] 25s00] 25300 24500] 18,000
DH |Dcformation 552,600 :173800 ]
ER  |Erosion/Scouring 40,000 )

Fl Fite 25,800 18,000

IN  |Inclination depend on site condition

NF  |Poor function depend on site condition

SC  |Scaling 12,400 8,800

SE  |iSettlement depend on site condition a
SL  {Sliding depend on site condition

SP  [Spalling 9,300 6,500|

WE  |Surface wearing 13,200 13,000 |

4) Damaged area ratio

Damaged area ratio is required to be input together with damage code to compute repair cost for cach

superstructure and substructure.  The repair cost is defined as the following formula:

= (Structure Area} x (Unit Cost) x (Damaged Area Ratio)
where, Structure Area = (Bridge Width) x (Span Length or Substructure Height)

Repair Cost

5)  Cost calculation

“Excel” program was prepared also for the calculation of repair cost.  Table 2.12 shows a part of the
cost calculation for the bridges in Region JX with the explanation of calculation process.  Full

calculation results for 1O bridges in the region are presented in Appendix 1-6 (Volume 3/8).

However, the repair costs estimated for Region IX were not actually used for the rehabilitation

planning, because no repair case was selected in the region.



Calculation Process
{1} Imput Dimension Data

Table 212 Repair Cost Calculation (Region IX)

t 12 1 3 | 4 [ : 6
Bridge : - Span .20gth and Substucture Beight Bridge
Link| Bridge |  Commune Bridge Abutment, ALP1 [ Pier | PIP2Z | Pier Abuloent]  Width
No. | No Name Name y Pl Span P2 {m})
(35 | X001 JLAUTARO " INIBLINTO 4501 800 430 . A%
(35 [ 1X002 [LAUTARO - {MUCGBAID ~ _%00| 2000} %00 413
.36 | X003 IVILCUN - JQUINTRITFE RS S S I 360
40 | IX004 VIIMILM('J_\_ _jLeAMUCo o I . 440
40 | 1X-005 [VILLARRICA _|PEDREGOSD T __ _ 370
40 ] X006 [VILLARRICA _ |[cALBLCO Y1) . 395
Column 1: Road link No, where the bridge is,
Column' 2: Region No. first and followed by bridge No.
Column 3: Mame of Commure where the bndge is.
Colunn 4; Name of the bridge,
Column 5: Span Jength and substructure height from inventory,
Column 6: Bridge widih from inventory.
(2} Input of Damage Code and Damaged Area Ratio for Superstructure
1] 2 7 :
Bridge Damage Code and Damaged Area Ratio of Superstructure S
Liek| Bridge AL-P1 PI-P2 P3-A2
No. O, Concrete Steel B, Ratio Concreic D, Ratic | Timhee | D. Ralio
35 | potol | 040 } | 040
S EETTH . 040 |1 ed0
) - . 040 | Ted0
40 1 IX004 - - 00 040
20 | X005 _ S L0 |04
0 peoos | L 0% | | s
Column 7: Damage code and damaged area ratio of superstructure from inspeetion.
(3) Unit Repair Cost for Superstruciure
1] 2 i 3
Bridge Unit Repair Cost for Damage of Supersiructure
Link} Bridge A1-P1 F1-P2 P2-F3 PRAZ
Na. No. Concrele Stez) Timber | Concrele Stech Timber | Concrele Steet Concrete Sicel Timber
35 | 01 0| _ 9] 2580 _ sy 0y O B
szl 0i o] 2ss00) Bgol  of o 90
s lwosf ol  of 250 i ) Top ’ 0
R N T IR ET1 D o op o _of 0
wloceos | o] 61 25800 mswl ef ol 0
w0 | reoos 0 ol 25800) Baof ol o] 9
Qutput
Colemn 8: Unit repair cost by damage.
{4) Output of Repair Cost for Superstructure
(1] 2 9 10
Bridge Repair Cosl of Supersiructure : o Totalof
Lirk] Bridge Al.P1 P1-P2 P2-F3 P8-A2 "Super-
No.] No. ] Coocrele | Sied Timber | Concrete | Sweel Timber | Coacrete | Steed Steel Timber | struciure
Slmeor] el o] men| e} o o] D o] 1023754
Bwee] ol el ame Tt o 9 o o] ramses
Jefmon| 0 op awmsmy 6 o of 0o} Tamsm
40 | xoos olpyeam) ol e ) 0 e] o] 1316480
o ficts o oof sl ol o) sam| ol e BT IR ) Y
@) ixoos [ el 0 el wam] "ol el wism| T o] ol ol o] 5
Column 9: Repair cost for cach span = Column 5 x Column 6 x Column 8 x Damage ratio{in Co‘.!umn?)
Column 10: Total repair cost for superstructure.




{3) Input of Damage Code and Damaged Area Ratio for Substructure

i 2 1

M”V-El%gci;:-m ' B f Damage Code andDamagedk;mtioomu‘bs!:ucturc - B -

Link| Bridge Al Pi

No.| WMo. Concrete | DL Ratio | Stee] D Ratio | Timber ! D.Ratio | Concecte | D.Ratio | Sieel _l’l‘imbcr [ D Ratio

ECH T IO T RTINS B T R

siwor| 1 east sl T el sk oms| T U S

Boowom p o by e COo e4p 000 oo 04

oo | L s el T o oo o, 04

| wceos || emos T ol e e oo 0e

aopees | ewsl L wel [T ea ] e A ea

Column 11: Damage code and damagad area tatio of substructure from inspection.

{6} Unit Repair Cast for Substructure

1] 2 - 12 i
Biidge Uait Repait Cost for Damage of Substructure

Uink| Beidge |- AL - : Pi - P2 A2

No, No. Concrete Steel Timber | Conceete Sieel Timber | Coocecte Sicel Timber ' Steed Timbher

35 [ B0y 0 . R 1 IS . ol 0 4 .0 i 0 e

s jocor | °Tof ol T o) sl TRl T o] oesm) el T o | ol e

s pwas | ol el wmeel el T 7T el U o T e[ e S} B

@ oot T of el ol el el el i To[TTT% Pl

w |wxos{ o ol ol ol T el isoce ol o 0 | 7 el o

o Pwoos | 77 7el ol el el T el b e

Qutput

Column 12: Unit repair cost by damage.

{7y Output of Repair Cost for Substructure, and Total Cest of Super-and Subsiructure

N 13 14 15
Bridge Repair Cost of Subslructure Totabof | Totadef

Link} Bridge Al P} P2 Sub- Repair

No.| No. | Concrete | Steel Timber ( Concrete | Steet Timber | Concrete | Steel Timber ] structuee Cost

35 | o0 el el o] el of o  a 0 0 af 1,013,744

A I R O Y O | T Y 0 Cemss| 1awan

B | woos | el e mem]| o ol el el e BRI

wlxmws | el el ol o ol e o el o isaa00| 1am,550

o [iess | 770l T T 0l ol el el T T e T e T Cosn| mem

Jolxees) ol oo o e % e ey w0 o] smsw

Columa 13: Repair cost for each substructere = Columa 5 x Column 6 x Column 12 x Damage ratio{in Column11).
Column 14: Total repair cosk for substruciure,

Column 15: Total of super-and substructuce repair costs = Columa 10 + Column 14

2-41




	Cover 
	Title Page 
	ABBREVIATION
	PREFACE
	Letter of Transmittal
	David Garcia Bridge in Region V
	MAP OF CHILE
	CONTENTS 
	CHAPTER 1 GENERAL 
	1.1 Introduction 
	1.1.1 Introduction of the Study 
	1.1.2 Background of the Study 

	1.2 Objectives of the Study 
	1.3 Scope of the Study 
	1.4 Study Approach and Schedule 
	1.5 Study Organization 

	CHAPTER 2 BRIDGE REHABILITATION PLAN 
	2.1 Concept of Bridge Rehabilitation Plan 
	2.1.1 Purpose of the Plan 
	2.1.2 Bridges for the Plan 
	2.1.3 Concept of the Plan 
	2.1.4 Process of the Plan 

	2.2 Bridge Inspection 
	2.2.1 Selection of Bridges 
	2.2.2 Inspection Method 
	2.2.3 Rating System for Bridge Condition 
	2.2.4 Results of Bridges Inspection 
	2.2.5 Engineering Examination of Inspected Bridges 
	2.2.6 Computerized Bridge Inventory System 

	2.3 Socio-economic Study 
	2.3.1 Socio-economic Framework 
	2.3.2 Socio-economic Indices 

	2.4 Traffic Survey 
	2.4.1 Procedure of the Survey 
	2.4.2 Estimate of Present Traffic Volume 
	2.4.3 Forecast of Future Traffic Volume 

	2.5 Rehabilitation Cost 
	2.5.1 Rehabilitation Policy 
	2.5.2 Decision of Rehabilitation Method and Scale 
	2.5.3 Rehabilitation Cost Estimate 





