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PREFACE

In response 1o a request from the Government of the Republic of Chile, the
Government of Japan decided to conduct the study on the Rehabilitation and Conservation
Pcogram on the Bridges in the Republic of Chile and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent 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 ficld surveys at the study area.  Afler the team returned to Japan, further
studies were made and the present ceport was prepared.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countries,

I wish to express 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

Kimio Fyjita
President

Japan Iaternational Cooperation Agency
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July 1998
Letter of Transmiital

Mr. Kimio Fyjita
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, and 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 final 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 Chujg”

Team Leaddr

The Study on the Rehabilitation and
Conservation Program on the Bridges
in the Republic of Chile
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1. ESSENTIAL POINTS

1. Circumstances of the Study

In response to the request of the Government of the Republlc of Chile (heremaﬂer referred to as
‘GOC’), the Govcrnmem of Japan (heremafler referred to as ‘GOJ’) decided to implement the study
on the Rehabilitation and Conservation Program on the Bndges in the Repubhc of Chile (Phase 2)
(hereinafter referred Lo as ‘the Sludy } in accordance with the Agreement on Technical Cooperation
between GOC and GOJ in 1978, Based on this decision, the Japan International Cooperation Agency
{hereinafter referred to as ‘JICA”) formed a survey team (hereinafter referred to as ‘the Study Team’)
and commenced with the Study in August 1996. The team was sent to Chite in September the same

year to discuss the Inception Report and presented this Final Report in July 1998 after four separate
surveys in Chile.

2. Backgroung of the Study

The bridges in the Study are categorized as rural bridges in Chile, and are mostly quite small in scale
though great in number (about 8000). Most of them are heavily deteriorated timber bndges especially
in Regions VilI, 1X and X. Very little traffic was surveyed at most bndge sites, but the ratio of heavy
vehicles (lumber and mining lranSport) was quile high on the roads, and safety is being guarded by the
fixing of load limits on the bridges. The MOP (Ministry of Public Works) intends to gradually replace
about 1000 bridges of higher urgency with permanent bridges (concrete or steel) as the first phase,

3. Purpose of the Sfudy

The Study is intended as a form of technical cooperation with the MOP for thc rehabilitation of the
1000 bridges mentioned above. The purposes of the Study were:

(1) To establish rehabilitation plan for 1000 bridges on rural roads,
(2) To prepare sample rehabilitation designs for 20 bridges, and

{3) To develop standard bridge CADD (computer aided design and drafting) program and design
drawings.

4. Scope of the Study
Scope of the Study included the followings:
(1) Rehabilitation plan

Through a survey of Region LX, the procedure of rehabilitation planning was determined and made

known to the concerned person in the MOP. The contents of the planning procedure include the
following surveys:

+ Bridge inspection and inventory preparation.

+ Traffic survey and socioeconomic indices {GDP, population, etc.).
+ Bridge rehabilitation cost estimates.

+ Bridge rehabilitation priorily and investment plan.

Up to the present, the MOP has repaired bridges when damaged, and thus has not necessarily had a
planned method of investment in rehabilitation. However, with a large number of bridges in
deteriorated condition in rural regions, planned investment has become a necessity and ways in which
effective use of a limited budget became an issue.
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(2) Rehabilitation design

Twenty rehabilitation designs arc prepared as examples of site technology needed for the MOP
personnel in charge of actually inspecting and deciding the rehabilitation method for the project
bridges. The twenly bndgcs were selected in cooperation with the MOP counterparts, and damage
inspection and analysis as well as rehabilitation design were conducted. IEE(Initial Environmental
Examination) for the arca of each bridge to be rehabilitated was also carried out,

{3) Sta‘ndard bridge CADD program and desi'gn drawings

The development of the standard bridge CADD program and compilalion of design plans will assis!
the MOP to save labors in preparing basic designs for as many as 8000 bridges in the country. The
bridge CADD programs developed for the Study is based on the specifications of AASHTO which are
usualily applied by the MOP. The represeatative bridge types to be developed as well as computer
hardware and software were selected according to bridge design, bridge construction, and computer
use in Chite.

The types of program developed are shown below.

Superstruclure: - Pre-tensioned PC beam
- Post-tensioned PC beam
- Steel rolled H beam
- Steel p!até girder
'All the girders above are composite types with concrete deck.

Substructure: - Inverted T abutment with spread foundation
- Wall-type picr with spread foundation

‘The slandard drawmgs were prepared for the hndges of one and two lanes wilh span length between

14 and 36 m.

5. Conclusion and Recommendation

Conclusions and recommendations are divided into the three parlicular issues of the Study.
(1). Rehabititation plan
Conclusion

* The bridgc‘ rehabilitation plan consists of three systems: bridge inventory, rchabilitation cost
estimates, and prioritizing; wpon which the cehabititation investment plan will be based. By the
model study, an amount of about 14750 miltion pesos (price in 1997) was estimated for the 1§} year
plan in Region IX.

* The Bﬁdge inventory system was developed as a general system that can be applied to all types of
bndges in the MOP road network.

* In the case of ev aluatmg priosily of the many rural bridges with low returas of investment, bridge
safety and socmeconomlc mvcstmcnt must be considered, with fess emphasis on purely economic
feasibility alone In lhns light, the three indices of economic feasibility (iraffic volume/ rehabilitation

cost), safcly { level of bridge damage), and social value (rectification of regional imbalance of
income) were defined.
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Recommendation

* There was no consideration of the bridges' relation with the road netwark made, thus, coordination
between road development plans and bridge rehabilitation plans must be worked out.

» As the econoniic situation and traffic demand of rural roads in Chilé are tikely to change within the
next ten years, the results of the rehabilitation process of the first five years should be carefully
reviewed before proceeding with the next five-year phase.

* As the bridges inctuded in the second five-year phase must wait a long while for rehab_ililal_ioﬁ, there
will be need for temporary repairs in the meantime. Such costs should be atlocated from the MOP's

yearly maintenance budget and not included in the rehabilitation project investment cost estimated in
the plan.

{2) Rehabilitation design
Conclusion
» Pwenly actual bridges were selected and studied for damage for which sample rehabititation designs

were prepared. ‘This includes five timber bridges, seven conerele beam bridgcs, and eight steel girder

bridges. Among these, eighl samples of bridge replacement (seven PC beams and one steel girder)
and eleven samples of bridge rcpaus are included.

Among the rural bridges are many wooden bridges which are detenorated too narrow and not strong
enough (o bear heavy loads. The Mop intends to extend the life of such bridges with repairs while
replacing them in order. Therefore, more common smaller-scale repair methods are eslabl:shed
rather than large-scale technically difficult ones

As a result of discussion with the MOP Dcparlmcnl of the Envlronmenl regardmg the need of

environmental considerations, the standardized environmental examination {IEE and Pre- ElA) are
prepared.

Recommendation

» The construction of new wooden bridges has become difficull both economically and
eavironmentally; however, as such bridges tend to be more easily maintained, it is recommended

that the MOP retain the imporiance of their maintenance technology as long as such bridges remain
rather than discarding it.

It is recommended that concrete bridges to be built from now on in rural arcas adopl pre-stressed
concrete structure. Quality of concrete construction in bridges is a very important matler in
constructed bridges which are expected to last well into the future.

* The suggested Standard Environmental Survey form is simplified and can be filled out in sixrvey
with minimum time and efforl, Therefore, regardless of the scale of impact of environmental impact,
it is advisable that ali bridge projects be surveyed in this manner.
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(3) Standard bﬁdgc CADD program and design drawings

Conclusion

* The CADD program is for standard-type width composition {symmetrical) and right-angle straight
bridges and not applicable for curved or skewed bridges.

* Ductothe fact that AASIITO standards arc not specitic regarding high-strength boll connections for
steel girders or positioning of post-tensioncd cables, design technology normally applied in Japan
was interposed following discussion on technological malters with the MOP.

Recommendation

* ‘The program was developed so that the user can compile the oulput according to hisfher purpose. It

is possible to use the program out of the scope of its original specifications to some extent depending
upon the user’s creative capacity.

Existing computcr applications were used in the development of the program, Therefore, there will
be need in the future (o upgrade to newer versions of softwarc and/or hardware used in this program.

In conjunction with this, it will be necessary to upgrade the program itself to meet with revisions of
design standards, etc.

* Tt is recommended that the program be widely used in the country. The technicat staff of the MOP
would use the program in planning the bridge size. The bridge designers both in the MOP and in

private firms, would use it in professional application to their design works within the capacity of
the program.
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1. Bacl\ground of Request for the Study

The improving of the national road network and dev cloping reglonal ¢conomies is an im portanl issue
in the Chilcan govcrnment‘s policy to resolve the problem of poverty. However, in the rural area, about
70 % of the nation's 8000 bridges are made of wood, sigas of deterioration, and ar¢ not functioning
properly. In order to fulfill the govcmments objective, the rehabititation of such brldges is an urgent
matter. In order to cope with a targe number of bridges, the MOP needs to steengthen its bridge
rchabilitation and managcmem technique. Survey and repair work carried out by the MOP for rural
bridges is required to be more efficient and systematic.

In view of this situation, the Government of Chile requested the Government of Japan for a
development survey for a master plan of bridge rchabilitation and a standard bridge design system
making us¢ of computer, for 1000 bridges along regional roads throughout the couniry.

2. Situation of Rural Bridges in Chile
The bridges for the Study arc categorized in rural bridges and characterized as follows:
* Theyare smal.l in scale though great in number.
* Most of them are deteriorated and made of wood {especially in Region VIIL, 1X and X}.

There is little traffic but the ratio of heavy vehicles (for lumber and mining transport) is high,
consequently traffic load is limited (about 12 tons) on most bridges.

Timber bridge nceds frequent member replacement for maintenance. The MOP has experienced

minor replacement in about 5 years and major replacement in 10 years.

3. Rehabilitation Policy of the MOP

Timber bridges so far widely used in Chile have become difficult to be maintained, for the disadvantages
specifie W timbers have become conspicuous sech as the government policy of forest conservation, rise of
timber cost and need of frequent maintenance.  ‘Therefore, the MOP intends to gradually replace timber
bridges.with permanent concrete or stecl bridges.

4. Purpose of the Study

The Study aimed the technical cooperation to the MOP on the following three objectives for the
rchabilitation of rural bridges:

(1) Establishment of bridges rehabilitation planning method,
{2} Preparation of sample bridge rehabilitation désigns, and
(3) Development of standard bridge CADD program and design drawings.

The relation between the process of rehabilitation of rural bridges and the technical cooperation is
shown in Figure 1. '

5. Qrganization for the Study

The Study was conducted by the organization shown in the Figure 2. The Stud-y Team oonmsted of
Pacific Consultants International with JICA, and local counterpart staff from the Bridge Depanment of
the MOP. Furthermore, as a supervisor for the Study, an advisory commitlee was sel up obiaining
cooperation from the Japanese Ministry of Construction's Ci\._'ii Engineesing Research Institute. _

-8-



2. INTRODUCTION

6. Schedule of the Study

The Study was commenced in August 1996. The Study Team was sent to Chile in September the same
year to discuss the Inception Report and presented this Final Reporl in July 1998 after four separate
surveys in Chile. The Schedule of the overall Study is shown in Figure 3.

“ Process of Rehabilitalion of Rural Bridges Il Technical Cooperation "

°E° Bridge Inventory Survey C:fJ
=
3 Preliminary Cost Estimate . Bridge Rehabilitation Plan
5‘9‘ Rehabilitation Priority (i

i

Project Decision

II
Z || Bridee Inspection ! Sample Bridge Rehabititation Designs
@ .
o, Basic Repair — {Bridge Manuals)
2 Rehabilitation E — :
@ Design Reconstruction K—  Standard Bridge CADD Program

Detailed Design and Construction

Figure 1 Relation of Bridge Rehabilitation Process and Technical Cooperation

Japan International
Cooperation Agency
(HCA)

Governmen! of Chile
{GOC)

Commitice

HCA Advisory

!

Ministiy of Public
Works (MOP)

Study Team

———

JICA Study Team

— Chilcan Counterparis

' Figure 2 Organization of the Study
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Sléndard Bridge CADD Bridge Rehabilitation Bridge Rehabililation
" Program ' : Design ' Flan
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Design conditions | Bridge inspection &
& programming - traffic survey in Region
specifications ' 1X (model study)
: ‘ . by the Study Team

Selection of 20 bridges
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traffic survey for other
regions by the MOP

Bridge inspection &
rehabilitation design for
2() bridges
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: Interim Report 1997, 10 : Rehabilitation cost,
: & priority, & project
" investment planning

Standard bridge design
drawings
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: 1997, 12
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Bridge manuals
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Fi glire 3 Schedule of the Study
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3. BRIDGE REHABILITATION PLAN
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3.1 CONCEPT & PROCESS REHABILITATION PLAN

§. Process of Rehabilitation Plan

Bridge rehabmtauon plan was worked for 1000 selected bridges. First, bndgc mvcntory (locauon and
present condition of bridge) was made. In addition, socaoeconomlc data (population, income, traffic
volume, ctc.) was collected to measure the social and economic needs of the bridge, From the above
data, rough estimates of rchabilitation cost and cvaluation of priority were then made, and
rchabititation project :plan was drawn up bascd on this information {see Figure 4).

2. Selection of 1000 Bridges

To sclect rural bridges in need of rehabititation from about 8000 bridges said to exist in 'Chilc, (1)
bridges of more than 10 m in length, (2)bridges with load limitations, and (3)bridges with conspicuous

damage were the main conditions for selection of the 1000 bridges as part of the MOP's first phase
plan.

3. Plans for National and Regional Level, and Model Study Region

The plan is first conducted in cach region, and the results of each of the thirteen regions are totaled to
make a nationwide plan(see Figure §). Of the 1000 bridges chosen nationwide, 110 bridges in Region
IX were studied {irst as a model. The MOP then studied the remaining bridges in the twelve other

regions based on this model. Region 1X was choscn for model study as it was known to have a
particularly large number of timber bridges.

4. Evatuation Indices for Prioritization of Rehabilitation

In order to fairly evaluate the priorities of rural bridges, many of which have low return of investment,
bridge safety and social aspects were also taken into consideration. The three indices chosen for
cvaluation are representative of the MOP's project policy (see Figure 6).

* Eeonomic index: Ratio of rehabilitation cost to traffic volume (representing project benefit).

* Safety index: Amount of bridge damage. Dangerous bridges take priority regardless of traltic
volume or cost.

* Social index: Based on ratio of local income to national average. Regions of lower income
take priority in public investment,

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

5.  Grouping of Bridges by Road Link

In order that the bridge rehabilitation be effective, il is most advisable 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 conlains project bndges will be called 2

"road link". Multiple numbers of bridges within the segment are to be treated as a group (see Flgure

7.

-12-
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3.4 CONCEPT & PROCESS 'REHABILITATION PLAN

(Data Collection) { Sociocconomic & Traffic Sunvey Bridge Inspection
T l
. i 2R 2
Rehabilitation Policy
{Daa Process) < R | h 4 ' v Y
Local Income Traffic Volume Rehabilitation Cost Bridge Condition
.
| ] 5 |
) ¥ 3 ¥
Rehabilitation Priority Rehabilitation Cost Bridge Inventory
{(Ouiput) < I . 1 I }
g Project Investment Plan

Figure 4 Process of Rehabilitation Plan

Region  Bridge Grouping by i’dorily (10 Years Pfén) Project {nvestment Plan

i |Hig1' J’rior 5 Ilow riprity Regional Plan

» - L]

X Model Plan
Total of 3 Reglon G uupin* b{ 10D Briddes ' National Plan

Figure 5 Regional and National Level Plans

kd

Soctal Index=

Local Income | (Rural Road Nelwork)E

R o ha 37 L e P T T T Y

National Average Income

53

] Road Link )
| 2 R CAEE A TR TR AT YT |
Traffic Volume . :
Economic Index— — : %f——/
e : - Rehabilitation Cost -
Group of Bridges

. o ‘ Figure 7 Grouping of Bridges
Safety Index™ Ranrk of Bn‘dgé Damage

Figure 6 Indices for Rehabilitation Priority
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3.2 BRIDGE INSPECTION  REHABILITATION PLAN
1. Bndges to be Inspected

Bridge inspection was conducted to col]cc{ bndge inventory and condition data for bndge
rehabilitation planning, The Study Team inspected fi first 200 bridges in Regions VHI, IX and X, and
then the MOP inspected 800 bridges in the other regions. of the 200 bridges mspccted by the Study

Team, the inspection results of 110 bridges in Regaon lX were used for the model sludy of
rehabilitation plan,

2. Method of lnspection

An inspectionp form was so dcv:sed as 10 cover mspcction items necessary for rehabilitation plannmg
as well as to be usable for a general bridge inventory of the MOP. The inspection form is divided into
three systems and includes the followmg 1tcms

(1) “lnventory Form” mcludec general information such as bridge name, tocation map, river condmon
cte. and structurat delails including bndge type, major dimensions, profile/cross-sectional sketches,
and photographs of side and front views and of typical damages.

(2) “Condition Raling Form” is (o note lypcs and magnitude of damages for each part of a bridge
structure namely superstruclure, substructure and accessories {expansion joinls and bearings),
classifying each part lo primary or secondary member according to structural importance.

(3) “Repair Method and Quantity Form” is 1o note probable repair methods and quantities proposed at
site, in combmauon with the condition rating form corresponding to each span and element.

Bridges were visually mspected and site mformauon was collecied in accordance with the inspeciion
form. Bridge condition was inspected span by span and element by element Damages were noted on

the form by prescribed damage codes to show damage {ypes and by condition rating numbers to show
degree of damages.

3. Rating System for Bridge Condition
(1} Numerical Rating System

In order to standardize various condition-states of any bridge element, a numerical rating system
categorized into five ranks was recommended (see Table 1). Damage ranks were rated according to
location, pattern, depth and extent of damages referring to the "Bridge Inépgclio_n Guidelines (Proposal
in1938)" by the Civil Engineering Rescarch Institute of Japan's Ministey of Construction.

(2) How to Rate Bridge Condilion

The condition rating of a span or an element was decided by lakmg the worst rating number among the
damages noted on the primary members of the span or the element,

‘The total condition rating of a bridge was decided by takmg the worst raimg nurnber among the raimg
results of every spans and elements of the bridge.

The total condition rating of a bridge would be used to Caiculate the safely index for appraising
rchabilitation priority, and be a basis of deciding rehabilitation method of the bridge.

-14 -
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3.2 BRIDGE INSPECTION

REHABILITATION PLAN

4 Results of Inspect:on

In chlon IX, 109 bridges were mspectcd but a bridge did not exisl. -

“The inspection results of

condition ratings are summarised in Table 2 by bridge types. The bndge types inspected are classified
in Table 3: about 90 % of the bridges mspecled were timber bridges. Most bridges had only on¢-lane
width (20 to 55 m), and wefe simply supported except several bndgcs which were supported
conunuously Many hndges had s:gnboards to limit vehicle loads. According to the MOPF, limited

loads “ere lowered as deterioration was gemng worse. The timited loads inspected in Region VII, 1X,
and X arc summarized in Table 4

Table 1 Ratmg Systein for Bridge Condition

Rank Definition
i ‘Dangemus bridge already closed conditions beyond repair, imminent danger of collapse
| or already collapsed.

2 ‘Potentially Hazardous ; such a 'ra'li_ng in primary members implies there is a danger of
coltapse for further use and bridge should be closed to traffic immediately.

3 “Not Functioning as Originally Designed’; serious deterioration and/or distress, suflicient io
reduce the element’s structural capacity and/or its abilily to funclion as designed.

4 ‘Funcli_oning as Originally Designed’; insignificant deterioration or distress does not reduce
the capacity of the elements under inspection nor their ability to fusiction,

5 ‘Good, New or Like-new’ condition, no sign of distress or deterioration. No repairs

necessary.

Table 2 Condition Ratmgs Inspected in Regmn [ 5.4 {number of bridges)
Condition Rating Rank o .
Bndgc 'Pype 1 (ba 0 2 3 4 | 5good) | fotal
'I‘lmber Bridge O 50 25 6 10 97
Concrele Bridge 0 0 0 0 0 D
Steel Bridge 0 8 2 1 1 12
Total 6 58 27 7 11 109
Table 3 Bridge Types Inspected in Regions VIIL, IX & X

Bridge Type | Deck Slab  Main Beam  Abulment/Pier Percentage

i Timber Timber Timber L 62 %

2 Timber Timber Concrete or Steel{rail) 25%

3 Timber Steel  Comerete | 10%
4 Conciete Concrete Concrete 3%
Total 100 %

" Fable 4 iﬁad Limits Inspected in Regions VIIL IX & X (number of bridges)

Load Limit | ‘Fimber Beam Steel Beam Concrete Beam Tolal
2 ~ 6 ton .36 2 0 38
7~ 12 ton 126 | § ] 0 137
13 ~18ton 9 6 3 18
Total 171 19 3 193

-15 -



3.3 INVENTORY PROGRAM ‘ REHABILITATION PLAN
L. Co'mputerized Inventory P‘rogra.m o

For more efficient administration of bridge management and inaihléhanée, as well as .r'eha’t')iliiaﬁon
plan'ning, the compiling of bridge inventory is to be a'éomputerind system. The inventory program
consists of three systems namcly [A] Inventory Systém, {B] Condition Rating System, and [C] Sorting
Syslem(scc Figure 8). The systems [A} and [B] are developed based on the inspection forms designed
for bndge Inspection. The system [C] was added as a tool to compile and analy7e mventory data.

The program is madc with data base systcm making p0551ble all data mput and searching by using data
linkage function. The hard- and software employed were a sel of DOS/V compuier Microsoft-
Windows 95 and Access mcludmg Vlsual Basic; which were popular and available in Chile, Major
displays of the progr'am are shown in Flgure 9.

lnitial- Display

Selection

Data Input
1, A 1 7 ,
Generat information, ry Superstruciure, ' ‘ .
Structural Details, & - Substructure, & General Information,
Photographs Accessories & Condition Rating
{A} Inventory System {B] Cendition Rating System {C} Sorting System
1-1 a1 7.1
Dimension . iy
of Super-& Repair N!E“Wd -] Bridge List &
Substructares & Quanlity Rating Table
Code Table

Figure8 Bridge Invebtory Program
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3.4 SOCIOECONOMIC & TRAFFICSTUDIES  REHABILITATION PLAN

1. Study of Socioeconomic Indices

As indices to measure the socioeconomic need of the bridges, predicted growth in population, regional
gross domestic producl (GDP), and vehicte ownership 1o the year 2010 were figured, Population and
vehicle ownership are indicators of future traffic volume, whilc the GDP is uscd as a sociocconomic
index in calculanng the priority evaluation of bridge rehablmal:on

2. “Iraffic Study

The Ifafflc study was conducled with the purpose of dcl‘mmg road links and forecasung traffic volume
for the )car 2005. Future traffic volume is necessary for calcalauon of socioeconomic index of
rchabilitation priority. The MOP has conducled traffic censuses every two years and the traffic census
data for 1992 and the latest edition of 1994 were used as reference. A supplemcntary traffic survey
was cafried out by the Study Team to complement the above traffic censuses.

(1)} Fixing of "road link" | |
The location of project bridges were plotted on the 1:250000 scale MOP road maps and road links

were fixed. Following that, locations covercd by the 1994 traffic census were plotted and ltinks lacking
census data were found. Figure 10 shows the traffic study map of Region IX.

(2} Traffic volume forecast
Present traffic velume {1996)

Made up with the 1994 traflic census data transtated into the 1996 figures and résuils of the
supplementary traffic survey, The average annual daily traffic volume (AADT) was calculated by

using seasonal change ratio, 12/24 hour conversion rate, 1992-94 growth rate which were obtained
from the traffic census data.

Yorecasted based on the 1996 AADT by applying the equation below.

. ‘ vehtcle ownershlp (2005)
Automobiles, Trucks: AADT (2005) = AADT (1996) x

vehicle ownership (1996)

population (2005)
population (1996)

Buses, Taxis: AADT (2005) = AADT (1996) x

In the mode! study of Region 1X, no remarkable population growih was predicted between 1996 and

2005, so the AADT figures remained the same. Table 5 shows a part of results of the traffic sludy in
Region I1X.
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3.4 SOCIOECONOMIC & TRAFFIC STUDIES REHABILITATION PLAN

& @
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Foie (15%4) " S“”"""‘“‘;”"‘) Figure 10 Traffic Study Map of Region IX
— L ‘ . ~Table § Traffic Yolume of Region IX
3 Vehicle Types: A = PassengerCar, B =Truck, C = Bus/Taxi (number of vehicles)
: Road | Bridge VF'?iC'gl-g,@"‘s’;mh.i? :thicgfzg.g°“hip v | AADT(1996) AADT (2005)
‘ LinkNo.f No. = T B [AsB| A | B |A+B |2005/19%6| A | B |c |l A B | ¢
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4 98 | 43| 23l 75| 67| 58| 125 164 | 217} 2181 238) 356 | 3575 238
5 67 | s6| 431 100 88| 76 | 164 1.64 4 34| st 7| 57| s
s 68 | s6| a3t 100 88 6} 1| 164 0 0
3 51 37| 50| 87| 55| 84| 139 1.61 4y 43| of s} | o
7 56 | 97 | 131 ] 228 | 145 | 221 | 366 1.61 4 43| of s} 7 0
8 70 | 23| 31| 55| 35| s3] 8| 16 3t 1s7| 3l 4 252 3
9 69 | 47| 63| 110 | 70 | 106 | 176 1.61 1} 153 3| 2| 246 3
10 so 3| 17] 30| 19] 9] 49 1.61 3t 24| o] st 38! o
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3.5 REHAB!LITATION COST : REHABILITATION PLAN
1. Rehablhlatlon Polrcy

In principle, rehabilitation decrsmns can be reachcd through cost-benefit analySIS Howcver, this

approach is oo elaborate and laborious for the rehabilitation plan of a large number of small-scale

bridges. Here, simple crileria are recommended based on the following rehabilitation policy,

(1) For many 'bridges are already old and deteriorated, and so their width and load capacity are
insufficient against the today’s traffic burden. Therefore, it is recommended for such aged bridges
to be reptaced with new structures rather than (0 be repaired.

(2) It is recommended for timber bridges, for their short durable years and frequent maintenance
required, to be replaced with permanent (concrete or steel) structures in around 10 years
regardless of present condilion, bul never with timber agam

{3) N is recommended for concrete or steel bridges to be maintained by repamng as far as lhey kolg
adequate width and load capacity to economize rehabilitation cost. However, for the bridges

insufficient of width and load capacity, replacement scheme is recommended rather than
widening and strengthening. '

2. Declsron of Rehabilitation Method and Scale

The criteria to decide rehabrh!anon method and <cale were seltled based upon the above rehabnhtalron
policy (see Table 6). In lhc table, the traffic volume of 500 vehlcles per day is the dividing line for
number of roadway lanes (one or (Wo) and width (4.00r 7.0 m) respectively, The load limit of 18 tons
is the rounded figure of standard design lne load for rural bridges.

3. Bridge Rehabilitation Cost _Eshmnte

Following the decision of rehabilitation method and scale, estimates of rehabilitation costs were

divided into bridges to be repaired and those to be replaced. The costs referred to for estimation are
those in Chile in 1996 and 1997.

{1) Reconstruction Cost

Reconstruction cost consists of the costs for construchon of bndgc, approach road and bank
protection (see Table 7).

The cost of bridge was calculated by muluplymg surface area of bndge by conslrucllcm uml cost per
square meter. The construction unit cosl was presumed assuming pre-stressed concrete bndge based

upon examples of the MOP's 1997 bridge construction orders, taking account of the results of cosl '

estimates for the sample bridge rehablmanon desxgn of the’ Study The surface area of bridge was
calculated by muluplymg standard brrdge width {one or two lane.) by exrslmg bridge length.

For the cost of approach road and bank protectron a certam amount was set aside for 100 melers
(single lane or double lane} of approach road and 50 meters of bank protection on both banks.

(2) Repair Cost
For repair costs, unit cost per square meter of repairing area according to the types of damage was set

(see Table 8), and multiplied wilh damaged area ratio and surface area of super- and substructure. The

damaged area ratio is defined as the percentage of damaged area requiring repair to total area of
struclure. o
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3.5 REHABILITATION COST o REHABILITATION PLAN
Table6 Criteria for Rehabititation Method and Scale

= Determining Factors ‘
Traffic R : Bric!g.e Bridge Load Linit Rehabilitation
Volume | Bridge Type Condition R?adway (ton) Method & Scale
{pcu/day) : (damage rank) | Width (m) _
Timber - | - - _
1and 2 - - - Reconstruction
, <4.0 - (one lang)
1~499 ‘
. Concrete/Steel | . 3and4 . < 18.0
o 24.0 =18.0 Repair
. s - o No action
Timber - - -
1and 2 - - Reconstruction
. <70 - (two lanes)
500~ Concrele/Stee) 3and 4 - < 18.0
270 £18.0 Repair
5 - - No action

Note: “ —* means unconditional.

Table 7 Reconstmclion Unit Cost

One lane I ‘Two lane
| Bridgecost -~ -~ | 512 000 pesosfm2 S
Approach road cost 39 000 000 pesos{brid‘gerwj 45 800000 pesos/bridge
Bank protection 2 300 000 pesos/bridge

Table 8 Repair Unit Costs

{pesos/m?2)
. Superstruclure Substructure
Kind of Damages Concrete Steel Timber | Concrete Steel Timber
Breakage/Fallout 12400 31606 | 25800 8 800 26 500 18 600
Corrosion/Decay - 9900 13 600 25 800 9 300 12 400 18 0G0
Crack ' 47 000 29 400 25 800 25 300 24 500 18 GO0
Deformation "} 552600 473 800
Erosion/Scouring 40 000
Fire S ' B 25 800 18 000
Inclination deperd on site condition
[ Poor function depend on site condition
Scaling 12 400 _ ' 8 800
Settlement : ___depend on site condition
Sliding : ' 1 depend on site condition
Spalting = 9300 . 6 300
Surface wearing 13200 113600
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3.6 REHABILITATION PRIORITY & PROJECT PLAN  REHABILITATION PLAN

1. Per |0d of Plan

‘The period f for the rehabilitation plan is sct for 10 years based on the basic plan of the MOP, beginning
in 1998 and lasting untit 2007. The national tevel total rehabilitation cost for the 1000 bridges was
Icsmnatcd around 134 000 million pesos based on the modet study of Region IX, Evaluating this

amount from the financial condition and construction ability of the MOP, lhc 10 year plan was
concluded pracncablc '

2. Appraisal Method of Rehabllllatlon Prmnty

Due to lhc reglonal and social charactenshcs of rural bridges, priority evaluation cannol be made
based on economic internal rate of return (LIRR) as in the case of bndgcs along major routes. It is

necessary {0 consider other social factors besides purely economic ones when makmg dec&s:ons'

fegarding the rehablhlauon of such bndges (sce Table 9) From this wewpomt nine ilems of
sociocconomic ¢ffects expecled to the rehabilitation of rural bndges were laid out, and whu:h were
summarized in the three indices (economxc safely, and social) given below considering constraints of

the study involving number of bridges, difficulty in collection of proper data, etc. within a limited time
frame.

Expected rehabilitation effects Priorily index . Definition
-Increase of income " TR
-Increase of productivity Economic Index |~ (fraffic volume/Rehabilitation cost)

x Weight
-Development of resources .

-Dissolution of detour time

-Shortening of river crossing time - [Safety Index  |= (Rank of bridge damage) X Weight
-Safeguarding of lives and properties : '

-Deterring of regional population outflow : I
. . . . . T - = (National average income/ Regional
-Reclification of regional income differences fSocial Index . .
o ) ) X average income) x Weight
-Mitigation of regional isolation :

Total Index |= Economic Index +Safety Index
+Social Index

3. Process of Rehabilitation Priority Appraisal and Project Plaunmg
The process of rehabilitation priorify appraisal and pro;ect planning was conducted as follows
{1) Each index is calculated for cach bndge, and the sum of the weighted mdlces made.

{2) The maximum index value among the bridges belongmg to the same road lmk represents that
link, A tist of bridges and their rehabilitation cosis by road links is made in an order of the mdex
(priorily) for each region.

(3} According to the priority, budgel is allocated to road links to be rehabilitated for each fiscal year.
Allocation is made so that budget for each fiscal year is roughly the same amount.

The rehabilitation project list of Regio_n 1X resulted by model study is shown in Table 10.

In the table, A = Priorily index for individual bridge

B = Priorily index for road link (representative index value of grouped bridges)
C = Rehabilitation cosl '
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3.6_REHABILITATION PRIORITY & PROJECT PLAN _ REHABILITATION PLAN

‘Table 9 Reglonal and Social Characleristics of Rural Bridges

- Lcngth of bridges is short (24 m in Region IX), therefore savmgc; in running cost are small,

- Number of bridges is high, and bridges are widely dispersed.

Rehabilitation cost per bridge is small (134 million pesos/bridge in Region IX).

Traffic volume is small; most traffic is local (200 vehicles/day in Region 1X).

Few bridges can be considered "econom:cally feasible", and both "feasible" and "unfeasible" exist,
Due te few sociocconomic data, it is difficult to evaluate economical return of investment,

Despite low economical return of investment, many bridges function to connect social institutions
such as hospitals and schoo]s therefore it is difficult to measure bridge's value solely in economic
terms,

Table 10 Rehabititation Project List of Region I1X

Peitge Location ! Feiority badex Exi-2Tng Bevlge Dats Bridge Rehahili mu Dals | Rehabilitation ]
Protiry) Unk|  Geawuna | Beidge | Bridge  |individesl, Grouped| Beidge | Length | Wik Load Daragd ¥affic | Reha Nanitar bink
O No.|  Wame | Mo & Neme | Bridze | Bidges| Tope | (m} | (m) Lmitg) Rack | Gaewd | Mebod Joftaac]im Na.
A [
Isl\ur- lm

J1 0 E 1 hosoUMAY 149 {NIRECO 2 | 4660} Recons

2 7owoNQUIMAY v aancereo | _ZS3E] Tmber .2 ], 4650} Recondt.

3 | 70 roNoUIMAY Tinider T2 Recona

a | tasai oy Recon,

s L} 958 Recona.

[3 L) S Recops

7 | s

.3 X 040 :SAN JUAN 0714 08| Tamber 2 1333 | Recensd.

¢ P14 LONCOMAYD | _ R

13 X079 LAISIA 1| w

n o imxes conn NI

1?2 sts;wn_.um H 199] Reconst

2 SjbasacaMa RS

u | cousiin T on canes _t

15| 65 MEUPEUCO - | IX0M AMREN 2

1% | 5% OT L _t

177 ] 33 NUEVA MPERLAL Lz

1w |z oz

3rd Year: 2000 . —_ .
0 | 3¢ vEvameerse] iz HUECHUCON | oars| aaas| mimrer | e} 4| LT[ 3T TR
21 | 63 PIARRICA 103 PEGREGOSD ecood |2 8
20 | 22 pWICTORIA X063 '\IALLE(D llwun\t. 22
2 | 1 ICTORIA 11X 064 LOSSODADOS | 0007 0458 Timber W] Recont | 1 | 1042 2
3 13 'PUREN D55 |\r’ILl.C0 Revomt. &30 13
24 13 |PUREN 1054 I(HACRE Recoast. 1443 13
5| 13 JHUREN ! 1% 053 '\A]'O ’ : Recondt. 1548 1
26 | B3 RVREN  [iX052 IPL\G‘LIDAHUE o Reconsd,
I lll JFUREN LS ‘Ol_)_tlAsgl__\lAi .
23 COLLI Gy - L’(-!.‘H? LASTOSCAS | 0378 |

' Todicator over; 8354

4tk Yoar 2060
29 35 '-LAUTM_O X001 !‘\IBU‘ITO o 0377 Timber Reconst. Le75 | 1001

35 LAUTARD DCO02 MUCDRAKD oMl 0377 Timber | Recoma. 2y | peoz

31 -1 17 [ LOSSAUCES
32 1 o8 LONGUIMAY
33| 62 LONGQUIMAY &

3 0360  Stest_ 1 )
s _ 03] Timber 063§
e 433 14816 [eilig pesy
Sth Year: 2002 o o o . .
36 | 16 U0SSAUCES | X095 RENICO _o331] 033| Timber 2 B Recomt E 0| Caoes| xoes) e
7 |e lfw\mumr 1C075 105 SOLDADOS ox0r| 0308] Timber 3| e Reeome [ 2 962 | 1X075 | 68
38 | sk wosouowy | ocoss sirartores | 0223 0308 | Timber ] 839 Reconw 2 ] LS| LXOT6E 68
i I:‘-PESQU,CB X050 HUADARA _ ¥ 0307) Tinder I BT 8 PN ST MY i) ]
4 | w0 1ossauces 1059 NAPANIR oty 0291| Timber F 103 | Recoest | 1 4| 1X0ss )
A | 10 LeSSAUCES DO PELEHLITO orsl o] Tanber ? 193 Reconst |1 %0 | xoer} w
42 | 10 A0SSAUCES  [iX-06) CATALINANCY _ {  023] 0291 Timbo | L | 03] Reenew £ 1 Clmal e e
9 | a7 wreiRe X433 NTGRO T o¥6] 0 p s ke | 2 | vor | man | a
44 | 11 LOSSAUCES 1060 [ CATALINA N°2 027 T wm ' o1 oo un
45 11 LOSSAUCES (108 REHLE 3 084 N ) 1_ ] _Msolixnsag g
44 ‘ L) X072 MO0} e2el Eid B T | _u8} Reovad 1| _Balixont
4 mmﬁ‘rmuww o7 wsal amy 17z 93] oo | N sro| oo |
4 1X 006 'CALBUCO 53 100} 358 « 23| Recond. £ 1 B12] 1006 | 42
At oos pAMuCa 083 011 nagl o0y a2 & | M3y Rewaw [ 8 | 1BI)IXIGRE <0
[odicalof over, #2580 I' Total Cost 1503 1 [milfion peso

223 .



3.6 REHABILITATION PRIORITY & PROJECT PLAN
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3.6 REHABILITATION PRIORITY & PROJECT PLAN  REHABILITATION PLAN

4, Appraisal of Feasibﬂify of Investment

‘The overall cost for the ten-year bridge improvement ptan (110 bridges) in Region 1X amounts to 14
750 million Chilean Pesos. For this amount, altempts were made to appraise feasibility of investment
by cconomic internal rate of return (EIRR); however, there were problems encountered with the
estimation of project benefits such as mentioned below and its dependability was qucstionable.

* It was not possible to ascertain the data regarding detour route, distance, and road conditions
necessary for the caleulating of benefits of savings in running time and running cost. Roads were
excluded in this Study from the aspect of cost-efficiency because there was a very large number of
rural bridges and the scale of each was small; therefore bridges became the sole focal point of
survey. As the total bridge length in Region IX of 110 bridges was only 2.64 kilometers, to
calculate savings in running time and running cost judged on the bridges alone would result in a
negligible figure. In addition, rural traffic volume is small and the added productivily of saved
time is not great.

* In the case of replacing a timber bridge with a permanent concrete bridge, maintenance costs for
timber bridges are no longer involved and savings benefit in capital occurs. In the case that a
timber bridge is not replaced, it is assumed that the same bridge is rebuilt every ten years.
However, the higher the cost of the timber bridge, the greater the benefits; thercfore the EIRR
fluctuates considerably.

It is therefore difficull to evaluate the feasibility of investment for the improvement of rural bridges by
economical analysis, but as one part of the road is improved as a result, the ning socioeconomic effects
such as mentioned in "2, Appraisal Method of Rehabilitation Priority"” can be anticipated. Such effects
inctude the alleviation of poverty and rectification of regional imbalance in income, which are policy
objectives of the Chilean government. Reads are a fundamental public facility for the use of local
inhabitants, and when passage is deterred, unfavorable effects come about in the economy and lives of
local inhabitanis. In view of the social policies at hand, the MOP has reconstructed deteriorated and
hazardous timber bridges over cycles of five to ten years. However, duc to the rising costs of timber
bridges and increase of heavier vehicle load in recent years, it has been decided that all bridges be
replaced with permanent concrete bridges. This decision was made based on the judgment that

concrete bridges have greater advantage in technical and cconomic aspects in regards to future
maintenance.
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41 SCOPE AND PROCESS * REHABILITATION DESIGN
1. Scopeof Réhabililatit:in Désign

The purpose of the rehabilitation design is to transfer technical skills of inspection and rehabililation
of bridges to the MOP personnel in charge for bridge maintenance, while reflecting the oblained
technical information on the Bridgé Inspection & Rehabilitation Manual and the Bridge Rehabilitation
Plan drawn up as part of the Study. The design covered the following works:
= Inspection of bridge condition,

Topographic and geological survey for reconstruction design.

Inspection of dam_ages for 'wpair design.

Rchabilitation design and cost estimate both of repair and reconstruction.

Environmental study on bridge site.

2. Process of Rehabilitation Design

General inspection was carried out to collect the general bridge data as well as to evalvate adequacy of
the existing bridge condition. Through this inspection, the basic rehabilitation scheme (reconstruction
or repairy was decided for each bridge. After that, for the bridges judged to be reconstructed,
topographic and soil-boring surveys were carried out, and for the bridges judged to be repaired,
damages were inspected in detail. Collecting all the site information inspected and surveyed, sample
rehabilitation designs and cost estimates for the sclected 20 bridges were prepared. In parallel with the
inspection of bridge, environmental study was conducted to assess the effect which rehabilifation of
bridge might have on its surroundings. Sec the flowchart in Figure 11.

3. Seleclion of 20 Bridges

Twenly bridges for the rchabilitation design were selected considering the following points (sec Table
):

* Bridges of various structural types and for rehabilitation methods be selected.

* Bridges under various geological and geographical conditions be selected.

* Bridges which the MOP needs urgent rehabilitation be selected.

Common bridge types in Chile such as simply supported timber, concrete and steel beams were
selected, but special types such as continuous beams, suspension bridges, arches, etc. were excluded,

-28 -
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4.1 SCOPE AND PROCESS

REHABILITATION DESIGN
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Figure 11 Process of Bridge Rehabititation Design

Table 11  Twenty Bridges for Rehabilitation Design

RC = Reinforeed concrete beam bridge
ST = Steel beam bridge
T™ = Fimber beam bridge

-29.

No. Bridge Name Region I?Ir;::)ie Linm%)lh No Bridge Name  |Region E,’;,;i%c hz:;g)lh
1| Confluencia )4 ST ] 113.10] | 11| ElIndio IX ST 21.10
2 | David Garcia V| RC | 93.05]| | 12] Quillen X ] T™M | 2590
| 31 Granallas V | ST | 4985 I3 Poculon. | IX | T | 31.00
4 { Ventanas Vv RC 30.00] 1 14| Malleco L IX | T™ 92.00
| 5| SenJose RM [ RC 16.10] 1 15| Miraflores - IX | ™™ | 4440
| 6| Puangue | RM | RC | 105.10| | 16| SanJuan ___ X [ T™  31.60
7| SenJosede Marchive | VI | ST | 12000 | 17| Medina IX_|_ST | 170.00
8| Antivero No.2 iV RC 1102905 | 18| Caulin IX | ST | 3940
9| Los Cardos 1 v ST 73.55] | 19] SalvaTu Alma [ IX | ST 40.70
10 | Cautin 1X RC | 140.00] | 20 ] Quinchilca X RC | 14000
- Notes: RM = Region metropolitan




4.2 INSPECTION AND REHABILITATION METHOD REHABILITATION DESIGN

1. General Bridge Inspection

{1} Joint Inspection

Dridge sites were at first inspected jointly by the MOP and the Study Team engineers in order (o have
connnon understandings of bridge condition between us. Through the joint inspection, not only visible
bridge damages but also other invisible problems such as construction year, past repair, design load,
river flow at flooad, traffic condition, ete., were collected by hearing from the regional MOP staff and
the tocal people using the bridge. Basic plans of location and alignment for the reconstruction bridges
as well as topographic and soil-boring survey arca, were agreed with the MOP during the inspection,

(2) Inspection of IYamages and Defects
Damages and defects of the bridges were visually inspected span by span in closc proximity as far as

access was safe. Major damages and defects were taken by photographs and cevaluated by five ranks of
I (dangerous) through V {good). Most inspected were rated at H or 1.

An example of inspected bridge and its damages are shown in Figure 12 and Table 12.

2. Rehabilitation Methed

{1) Rchabiliation Policy

On deciding rehabilitation method whether to be repaired or reconstructed, opinion and request from

the MOP were taken as an important factor together with the technical judgment according to the
resulis of inspection. The MOP has such policy for the rehabilitation of rural bridges as follows.

Many bridges in rural arca have already aged and deteriorated, and their width and loading capacity
have become insufficient against the today’s traffic. For such old bridges, the reconstruction scheme
with a new bridge is preferably adopted rather than repairing or strengthening the existing one.

+ Existing timber bridges, for their short durable years and frequent maintenance required, should be
replaced with permanent {concrete or steel) structures.

* Existing concrete or steel bridges, for economy of the rehabilitation, should be maintained by
repairing as far as they hold adequatc width and loading capacity. However, the bridges
insuflicient of width and loading capacity, should be reconstructed with the latest design standard
Widening or strengthening the existing structure be avoided.

(2) Selection of Rehabilitation Method

Rehabilitation method was studied for cach bridge based on the results of inspection and considering

the rehabilitation policy of the MOP, and concluded that eight bridges were for reconstruction design
and twelve for repair.

The technical and social reasons why reconstruction scheme is adopted, are explained in Table 13 by
taking an example of No.2 David Garcia Bridge.

For the repair design, simple and sinall scale of repair methods suitable for the maintenance of old
bridges until reconstruction, were adopted. In the repair design, loading capacity could not be justified.
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4.2 INSPECTION AND REHABILITATION METHOD

REHABILITATION DESIGN

BRIDGE NAME: CONFLUENCIA

N
Ly

/ A{/}J fi&\& Figore 12 General View Drawing

Q ﬂ ﬁ of Inspected Bridge
~ W U W (==
Table 32 Damage Table
Bridge Damage
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4.2 INSPECTION AND REHABILITATION METHOD  REHABILITATION DESIGN.

3. Topographic and Soil-Boring Surveys

At the eight bridge sites éclected for reconstruction design, topographic and soil-boring surveys were
carried out and then topographic maps for the new bridge designs were prepared. The area and
location surveyed are ilustrated in Flgure 13. In total 14.4 ha of topographic survey and 135 m of
soil-boring (44 m for fine soil and 91 m for gravel) survey were conducted.

4. Damage Inspectlon

Thc major damages shown in Table 14 observed in general inspection, were inspected more in detail
for repair designs using non- deslructwe test instrument.

Table 14 Typic'al Damages

Material Type Concrete " Stecel _ Timbei
Cracking Aging Coal _ Decay -
Scaling/Spalling Rusting SplityCheck
. Delamination Looscning Sagging

Typical Damages Honeycomb " | Falling off - | Loosening
Efflorescence Deformation =
Wear Cracking

B Breakage

Nondes!ructwe test (NDT) can detect inside of bridge eIemenl and assess defzcnenc:es lhat may not be
visible. The following NDTs were performed for where the snnahon permitted:

Table 15 Nondeslruclwe Tests :

Matesial Type Test Equipment | - Objectives of Test
Schmidi Hammer (NR-4) - | Streagth of concrete
Concrete Paco-Meler 3D Type ) Location'and cité.ﬁéter of reinforcing bars
: Pheno!p-l;lha]ein Liquid Neuiralization of concrete
Stec] Ultrzsonic Thickness Meter | Thickness of lsteel plate
Dye Penetrant Dretecting cracks

The results of damége inspection are briefed as follows:

(1) Concrete member

Large amount of cracks spalling, isolated lime and honeycomb etc. are obsérved lndlcalmg problems
in quahly of concrete. Remarkable carbonation was not observed,

(2) Steel member

Very large amounts of rust and coat detenorailon However such damage did not penelratc the Cross-
secllon and thus d1d not presenl problems in struclural paris.

{3) Wooden member

More than half suffers from rot resulting from age and traffic rather than from insects or fungi.

-3'2-
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4.2 INSPECTION AND REHABILITATION METHOD REHABILITATION DESIGN

Table 13 Example of Reasons of Reconstruction

Bridge Name: David Garcia

Technical Reasons Social Reasons
1. Built in 19-'3'03, the léoncrelc .bridge looks scriously deteriorated | 1. Los Andes is the neacest
from the color and the external appearance. city from the bridge
2. Judging from a neutealization test conducted by spraying a having a population of

phenolphthalein solution, it is supposed that the conceele has 35,000.

been already neutralized to some extent and the re-bars may be {2, The bridge is located on
corroded through the neutralization. E-85, an important trunk
‘ road, which connects
Los Andes, San Felipe
and Santa Maria.

3. While a heavy vehicle is passing the bridge, a considerable
vibration is felt. It is possible that the vibration comes from some
defects of the foundation, because reasonable rigidities of both
the superstructure and the substructure are supposedly secured. |3, The traffic volume of the

4. An isolated lime blots the bottom of the concrete slab, and from bridge is as much as

. 6,000 vehicles a day.
the fact the depth of cracks in the concrete can be guessed. The widih of 6 m is not

5. At the bridge seat of the abul'ment, so wide crack as 1 cm was enocugh for that traffic
found. volume.

6. Squatters used to live and make a fire under the bridge. As the
result the bottom of the bridge has changed to black by the soot,
It is probable for the bridge to be affected adversely.

7. The concrele is scaled off and the re-bars are exposed on the pier.

In addition to the age and deterioration, the foundation is very likely unstable due to scouring.
Furthermore, the roadway is required to be widened, Thus, reconstruction was proposed,

Planc-Table Survey Arca Soil-boring

River Crossingl Survey
{Planned Bridge Location)

I -
|

Existing Bridge

g

Som | BridgeLengh | ' som

Topographic Survey Arca

Figure 13 Area and Location for Surveys
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4.3 RECONSTHUCTION AND REPAIR DESIGN ~ REHABILITATION DESIGN

1. Recenstruetion Déslgn
(1} Process of l)cs;gn Work

fhc bridges weree planned based on thc topographic maps and !he ground mnd:nons suwcycd to
select bridge type, size and location, cons:dermg function and capacity of bndgc, geological and
geographical condition, and environmental impacts. Basic plans for location and alignment of
reconstruction had becn agreed with the MOP during the general inspection. After the bridge plan,

design drawings were prepared by the CADD (Comput_er Aided Design and Drafting) programs
developed in the Study. ‘

(2) Design Condilion
Major design conditions adopled are as follows;

. Desugn method: CADD Program (a!lowable stress melhod)
* Design specifications: AASHTO {1992)
+ Live loads: HS 20-44 toading

» Earthquake load: Acceleration coefficient A = 0.15 (Category B by single mode spcctral method)
(3) Bridge Design _ |
Bridges were designed taking account of the following technical points:

* Span length was selected from thc_ecpnomical span range df 2010 30 m.

+ 1In case of the reconstruction parallel and adjacent to the existing, the location of hew piers was so
determined as to come on the direction of flow from the existing piers in order not to disturb flow.

+ Judging from the construction market in Chile, PC (pre-stressed concrete) beam bridge was
generally designed. However, for the span over 30 m and terrain of site was mounlainous, sleel
beam was selected considering ¢ase of erection work although it was costly compared to PC beam.

* Tor floating debris, a minimum freeboard of 1.0 m between high-water-level and the lowest point
of superstructure was adopied.

* For scouring, a minimum depth of 20m was taken from riverbed down to top of fooung

‘The main features of bridge designs are summanzed in 'lable 16. A sample des:gn of general view
drawing is shown in Figure 14.

2. Repair Design
(1} Sclection of Repair Method

Based on the damage data collected by inspéclion, repairs were designed for the methods which were
common and often practiced in the MOP as listed in Table 17. To select the most suitable repair

method, relation charts of damage types and repair methods were rccommended for ma}or damages. A
sample chart for crack repair is shown in Flgure 15.

As for the repair of timber bridges, the only method was replacement of damagcd urnbers lherefore no
drawing was required to interpret such method.

(?) Repair Desipgn

‘Table 18 summarizes the repair designs for each bridge.
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4.3 RECONSTRUCTION AND REPAIR DESIGN

REHABILITATION DESIGN

Figure 16 shows a sample drawing of repaif plan in which the following design data are given for
each damage to be repaiced:

(D Damage Location

@ Kind of Damage

® Repair Method

@ Material for Repair

® Quantity

The details of repair methods ate presented in Division FH of Bridge Manuals {Volume 6/8).

Table 16 Summary of Reconstruction Bridge Designs

- pe of Span/Bridge i idth Location of
No Bridge Name Supgsﬁ:uclure pl.?:fr?gflhg (Ro?&igf;[;?éewélk) Ncw?B:idgc
2 | David Garcia Posi-tension PCheam [4 @26 =104 m | 10+ 2@ 1.5=13.0m |Same location
3 {Granallas_ |Posttension PCheam [ 2@28= S6m | 7+42@12= 9.4 m |Same location
5 | San Jose ' ljggs; tension PC b_eam J@28= 84m | 10+2@ 1.0=12.0m |[Down-stream
| 6 | Puangue Post-tension PCheam [4@30=120m | 10+2@1.2=124m yfprsih'ﬁl‘fl___ N
_7 | 5an Jose de Marchiue Post-tension PCbeam |6 @27 =162m | 7+2@ 1.0=_90m |Up-strecam
8 |Antivero No. 2 Post-tension PCbeam { 4 @29 =116m | 9 +2@ 1.2 = 11.4m |Samg location
13 | Poculon Pre-tension PC beam |2@20= 40 m| 7+42@10= Y O_m_ | Down-stream |
16 | San Juan Steel plaie girder 1@34= 34m| 8+2@ 1.2=104m {Same location

e —
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Figure 14 General View _Drawing for Reconstruction Design
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4.3 RECONSTRUCTION AND REPAIR DESIGN

REHABILITATION DESIGN

Table 17 Proposed Repair Methods
Type of Material Repair Mclhods
Injection, Caulking, Grinding, Coating, Resurfacing, Pro-
Concrete packing, Dry-packing, Sholcrete/Gunite, Patching, Ovulay,
Replacemenl
Steel Repainting

ol Stucteal |
Coack

Vibration

_ Hasigmerie Scales |

Cement Grout

Cerent Modtar |

| _Fast Sciting Moaar |

Shrinkage

: 1;?.'In ratune h
s L}

Mass Concrote

| Fiexitle Epory Filler |-

{_- Rigid Epouy Filler
. ComentOront |

| SheterciefGunile Cemenl Modar
i Cement Mortar
M {:: Epoxy Conerete

" Birumineus Coating
—"! Cnaun; |' Tar

Oni\dmg ol } E: 'Lllcx Modificd cﬂl:
__ Cwerlay ngJy Dense Conercic |

L—

1

Sofching Steel Plate
T —— " Fust-tensioning Stecd
T Erteral + nTore

External b —— Rtlﬂfwutlmcm
_ Prestressiog Seeel Fins

Figure 15 Damage-Repair Method Chart for Cracks
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4.3 RECONSTRUCTION AND REPAIR DESIGN

_ REHABILITATION DESIGN

Table 17 Proposed Repair Methods
Type of Material

Repair Methods

autking, Gnoding,  Coating,  Resurfacing, Pre-
Congrete packing, Drv-packing. Shoterete Gunite,  Patching,  Overiay,
Rephaceiem

tnjection, €

Steed Repaimting

FROPAGATION
JOF CRACK

I N Do Ot Se
PP i | e e t " Coment Liout
b Db Shear L
. &' | ! . N .l
. " . -
N HL PR LA, ' r
! i i - Pt ! i
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i ; LA R
t . j
. R £ R B e Vo e
: L A L B Conriew j
H o e wT T shamhogpe P : - ]
! New 4L : ul ummm-.'n'-mm-] 4o : i
v sweanl 4 F % Tk . o [ o 4
. N P crnent Mot j
AT — ' achirs b - g .
el M Congerte P Pkt P [ B kg Comrete 1
L e e Gy ]
. * Criraning
= ‘ o G p ] ]
[ LR M
Yt [ I B ) !
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I A A Sebite )
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Figure 15 Dumage-Repair Method Chart for Cracks
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4.3 RECONSTRUCTION AND REPAIR DESIGN

REHABILITATION DESIGN

Table 18  Summary of Repair Bridge Designs

L . Bridge Bridge - s
No.! Bridge Name Type Length (m) | Proposed Major Repairs
1] Confluencia ST 113.1p | Repair of concrete
Repainting of steel beams
2 David Garcia | RC ~ 93.05 | Repair of conerete ~
‘ ‘ © o o= | Repair of concrete
_i fianallas B S¥ 4985 Repainting of steel beams
4 | Ventanas RC 30.00 Repair of concrele s
Replacement of expansion joinis
10 | Cautin t RC 140.00 { Repair of concrete -
11 El Indm ST 21.10 | Repair gf_cgncrekc
14 ﬁMaIlcco T | 9200 | Repair of coricrele (abulment only)
17 | Medina ST 170.00 gcpa!rgfconcrclc (abutment only)
epainting of steel beams
- Repair of concrete {abutment only)
18  Cautin (85) ST 39.40 Repainting of steel beams
19 | Salva Tu Alma ST 40.70 Repair of concrete (abutment onl})
77777 1 , Repainting of stecl bcams and pl_ef c_o]uTn )
20 Qumchllca RC 140.00 | Repair of concrele
[ REFATR RETHOES AT GUINTITIES I .
BR1DGE WWGER [ 1 YEAR OF B9ILT | te0end i Rae2r boon
[ERIDGE HAME | CONFLUENCIA - | BREDGE LENGTH | 113, 100 (P Repair Methed
FRECTON N BRIDGE WIOTH 12,400» @ WMoteriat for Repoir
ROUTE NAME D-85 O Quantity

TRAFFIC VOLUME

AGm

vt

mo_nt Sncrte |

/IS

S

sido of fnlorier Sialy___
gcking , Eftiorescence

3}%9 @g!m
POXY_, Lmseed on_

ﬂpg . 917om'

Q

\\\\\\ r —

g ﬁﬁgkm £ ﬂvrescc'vcc —

%ﬂa*qhon " Costiag_

@esom’ 228em’ .,

ABUTMENT )-8

Figure 16 Repair Plan Drawing
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4.4 ENVIRONMENTAL STUDY - REHABILITATION DESIGN

1. Purpose of Envmonmental Study

Chile establishcd the Gcneral Fundamemal Law of Environment in March 1994 and the

Environmentat Impact Asgt;ssmem Standard in April 1997. MOP is examining the possibilities of -

requiring such assessment for bridge construction in addition to road construction due to effects on the
nalural environment and land use. ‘ '

This environmental swdy covered Comprehcnsmn of prescm enwronmental condition and project
activity, inifial environmental evaluation (lFE), and prellmmary environmental impact assgssment
(Pre-EIA). Views were exchanged with the MOP’s Environment Deparlmem on the necessnly of
environmental study for reha‘oihtahon of rural bridges, and in conclusion a standardized study process
and form were remmmendad based on the JICA annronmenlal Study Guideline.

2. Enwmnmental Study Process and Standard Form

Many common enwmnmemal problems are observed in rurai bridges relatmg 1o g',ographical
condition and duc to consiruchon activity. Therefore, a standard form was employed in the survey of
the 20 bridges which were selected for rehablhhlton design. The items of this form were chosen
through scoping and scrcenmg survey on site.

The process of standardxzed environmental study is shown in Figure 17, and the standard forms filled
with the actual data of David Garcia Bridge are given in Table 19,

3. Assessment Mélhods

In the 1GE cvaluélion column of Form 3, negative impact is marked by "yes" and no negati{rc'impacf
by "no". Where applicable, "temporary” or "slight” impact is also recorded as such. In the case that

there is a "yes" and/or a number of "temporary” or "slight” marks, proceed to lhe‘Pre-ElA assessmenl
and record the cause and eﬂec:s

The Form 4 of Pre-EIA matrix evaluation is conductcd in conjunclwn with the flllmg in of the Pre-
BIA evaluation column in Form 3. In the matrix evaluation, the impact assessment mark (see below) is

filled in according to the project activity items in pre-construction, unader construction and post-
construction stages. o

P: Possibilities of highly negative environmental impact are noted, but a solution has dlready
been found. |

A:  High possibilities of negative impacl, but data obtamed o predlct the extent is insufficient,
X

Remaining notable negam'c nnpacl is pcrcewed

——
Al
i

Notable improvement of environment is perceived.

4. Results of Environmentat Study of 20 Bndges

Many of the 20 bndgcs studied in detall are aparl from settlemenis and impacts which prolect
activities may render are small andfor temporary. Furthermore, there are no historical sites or cultural
institutions in their vicinities. The ccologlcal environmeni of all the bndges is general riparian and the
existence of endangered species of plants or animals is not reported.

Out of the 20 bridges, 12 bndges were only (o be repaired; therefore it was judged that negative
sociceconomic, ecological, or pollution-oriented impact in these areas is not significant.
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4.4 ENVIHONMENTAL STUDY REHABILITATION DESIGN

As for the 8 bridges which \#0;9 to be replaced, there were perceived some negative effects resulting
from bridge rcplacémcnt conslruction activitics. Problems anticipated were rescttlement of local
inhabitants and land acqmsmon in case of construction on private land, also traffic congestion due to
detouring durmg canstrucuon ‘

Negahvc ecolog:cal lmpacls mcludc those on water quality, aquatic life, elc., resulting from soil
erosion which is in itself also a negative impact. Earthwork carried out in the dry summer period will
result in the raising of dust which wxll effect air quality. In cases near ranches, ete., where livestock are
kept; noise produced from construction machinery will have some negative effects. However, the
bridge rcplaamcnt spots are located within the river banks away from scitlements and ranches, so it is

consuiered that pollulmg effects will be small.

Information Gathering,

+_ 2

Rehabilitation Project Description : Form 1
v

Bridge Site {Environment) Description : Form 2

Standardized Environmental Study

Pre-EIA Matrix : Form 4

(Insignificant}

(Serious impact) X

To Eavironmental Impact Assessment (EIA)
h
e e ]

Figure 17 Standardized Process of Environmental Study
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REHABILITATION DESIGN.
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5. STANDARD BRIDGE CADD PROGRAM
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51 DEVELOPMENT OF CADD PROGRAM CADD PROGRAM

1. Compulcr System

(1) Operaling syste'm and language

The operaling system Windéws 95 and language 'Visual Basic version 5' were utilized.
(2) Hardware aﬁd sﬁﬂwére

IBM/PC compatible computer for Windows 95 was available in Chile, and application software
available on the market was utilized for the effective output of results,

Hard- and software utilized, and their specilications, are shown below.

Hardware Software
- CPU Pentium 200 MHz - Visual Basic Version 5 ‘
- RAMMemory 64 MB - MS-Office PRO for Windows 95
- Mard Disk 2008 - Aulo CAD R13 for Windows 95
- Monitor 17 inches
- Printer A3 size
Plotter Al size ]

2. CADD Programming
(1} Design specifications
According to the bridge design standard of the MOP, the design specifications of the American

Association of Highway and Transportation Officials (AASHTO) was adopted.
Major design conditions are as follows:

* Design method:  Allowable stress method
* Live loads: 100 % of HS 20-44 loading
* Earthquake load: Category B by single mode spectral method

(2) Types of bridge

PC (Pre-stressed Concrete) beam and steel girder are the most common for the short to middle span
tength bridges in Chile. Therefore, pre-tensioned PC I-beam, post-tensioned PC I-beam, rolled stee! H-
beam, and steel plate girder were adopted for the superstructure of this CADD system accordmg to

span length. For economical reasons, a composne girder {PC beam or slee! girder with remforced
concrete slab) was adopted.

For the substructure, the most basic types of inverted "T° style abutment and wall type pier with
spread foundation were used in the program (see Figure 18). Pite foundation was not used.

(3) Outline of CADD program system Sec Figure 19.
{4) Input and output of data

A dialogic inpuiting method was adopted. With this method, the des:gncr can procccd with hisfher
new design work by correcting the former design data of similar- -type bndgcs already stored in the
computer, like dialoguing with computer. The designer will be easy to verify calculation results of his

owa data input; and produce as output the final products: design calculation sheet volumes calculation
sheet, and design drafts.
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51 DEVELOPMENT OF CADD PROGRAM CADD PROGRAM

Pre-tensioned PC [-Beam ~ Steel Rolled H-Bzam

Post-tensioned PC [-Beam Steel Plate Girder

Invert T-lype Abutment Wall-type Picr

Figure 18 Bridge Types for CADD Program
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Figure 19 Outline of Whole CADD Program System
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52 STANDARD BRIDGE DESIGN DRAWINGS CADD PROGRAM
1. Standard i)esign Dréwings

Standard drawings were pfépared using the above mentioned CADD program, P.repared were the

standard drawings for steel and PC bridges with one or two lanes (sec Figuve 20), with span length
from 14 to 36 m with 2 m pnlchcs

‘The standard drawings and CADD program are uscd in dlffcrom ways. The standard drawmgs are
used to find the target bndge and if one applicable is found, thal is used in bridge planmng '

Furthermore, in case there is found no bndgc which matches the criteria of the bndge in question, that
data is initialized, and by corrccting computer data by use of the CADD program, the bridge can be

designed effectively. The standard bridge design drawings are comp;led separalely in Volume 8/8, but
one example is shown on the following pages.

) Applicd span length

‘The span tengths in the standard draﬁihgs weré determined accdrding to the best economic choice by
steucture Lype, as shown in Table 20 below.

Table 20 Appliéd Span Length

Type of Bridge Applied Span Length or Height
Supesstructure
Pre-tensioned PC 1-Beam 14 m ~ 24 m (2 m pitches)
Post-tensioned PC 1-Beam 24 m ~ 36 m (2 m pitches)
Steel Rolled H-Beam 14 m ~ 24 m (2 m pitches)
Steel Plate Girder | 26 m~ 36 m (2 m pitches)
Substructure
Abutment (spread foundation) Smand12m
| Pier (;read fwmiaticn) Smand 1Sm

Furthermore, both the drawings and CADD programming assume right angle straight bridges, but with
the inventiveness of the designer, designs for skewed or curved bridges are also possible. '

{3) Comprehensive table of standard drawings

All major specificalions of the bridges (beam spacing, beam height, beam cross section, super-
imposed load reaction force, volumies of main materials, etc.) are listed in the standard drawings in
order lo assure ¢ffectiveness in use for preliminary design.

. 940 (cm)
EI—ZO 350, 350 120

IlL}? %I—#g
I 1 1

Figure 20 Standard Design Width -

- 46 -

» ®



CADD PROGRAM

52 STANDARD BRIDGE DESIGN DRAWINGS

v 9L =g63-d 183 wang

SHLNANd ZT QINIAVIAVIEQ
QYQIIVIA 20 NOIJJTIT

1 I
; : . i 1 K
._.wl..rll. . P i
; Pl ' [
| i ” P |
H | ' [}
“ i L | I
[ ! ﬁ 2 i) s
i i £ TR ia
; | | L !
| ; | s i
_ i ! o !
D “s—— Sl —t
Do K ! ﬁ iz
— ol
R RE A
2= 103 % SOQINfid N3

8- 31N0T

et
W=y 3400

{ey ML o
[ ol
FAwE-r “00r

B B -
L .

| |

Jq.IL

VHQvENOD
YOIBSNS WS
HORANI YQuE
> 1 I i ]
< >
_ 3 i |
i.a&.. - ,y&m
BRI W RATRIaTe w BTN W
ey 53
HOIMIAN VOIHS
1 .
B e e oo e Sttt - o= afettunier bt eherdieoeshusoslom et bes vttt Tm
! ! |
3 I _ | _
— _ |
WL B T TR unu,
AR e QAT i iy
or 8 .
O3NS YOI )
3 4 ¥
CE NE u T
5 i .
ol F Hika
i i —y — __ _
| !

!!!!!!!

LDy

O3 ] .
CHADY YO HOIDVATY -

®s

.47



CADD PROGRAM

5.2 STANDARD BRIDGE DESIGN DRAWINGS
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6. CONCLUSION AND RECOMMENDATION

The objective of the Study is Lo assist Chite technologically in rehabilitating rural bridges distributed
throughout the country. The bridge inventory program, bridge inspection method and standard bridge

CADD program developed in the Study may be utilized not on]y for rural bridges but for all bndges |

in general,

Conclusions and recommendations for the three main subjects of the Study are described below,

* Iistablishment of bridge rehabilitation plan method
* Preparation of sample bridge rehabilitation designs
. [)cvelopment of slandard bridge CADD programs and design drawings

1. Bridge Rehabilitation Plan

The bridge rehabilitation plan is composed of three systems, namely the bridge inventory system,
rehabilitation cost estimation system, and rehabilitation priority system. The rehabilitation project
investment plan was prepared through the information collected from the three systems,

(1) Bridge inventory system
Conclusion

A computerized bridge inventory system was proposed as it was necessary to grasp the present
situation of existing bridges, especially the inventory data held by the MOP. The inventory data
includes location, structural type, dimensions, etc., of bridges, and is essential as fundamental data for
rehabilitation. Besides the bridge inventory data, such data as population, income and traffic volume
were collected as indices by which necessity of a bridge can be measured, and may be defined as parts
of bridge inventory in a wider sense,

Recommendation

The bridge inventory system was developed as a universal system that can be applied to all types of
bridges and not merely a data tool to apply to the bridge rehabilitation plan in this Study. One
advantage of utilizing the system is that once a network system linking regional organizétions is
constructed and the centsal MOP office centralizes the bridge inventory data, maintenance work of

bridges may then be carried out effectively and the rehabilitation plan may be prepared or changed
promptly.

(2) Cost estimation of rehabilitation

Conclusion

Rehabilitation method (o be repaired or rcconstrucied) was judged from the data combined of
structural bridge type, scale (width and load carrying capacity), and rank of damage whlch came from

the invenlory data. The cost of bridge rehabilitation was calculated according to the setected
rehabilitation method. '

Recommendation

The elements which are considered in the Study for the cost estimation of each bridge are the width
and the length of a bridge, although the average construction cost was set in order to process many
bridge data. Therefore, data such as the location for reconstruction, type of bridge, span length and
information of piles, etc., which effect cost but cannot be known untit the bridge is planne.d, are not
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included. As primary data for bridge rehabilitation (horizontal topography of river crossing, geologicﬂ
quality of tiverbed, etc.) are mcluded in the mvcntory data, though not in such detail, more precise
eslimation may be possible, if other data such as the location for reconstruction, type of bridge, span
tength and information of piles are added 1o the width and bridge length. Other types of data that
maybe needed will be reoomméndcd by the MOP.

(3) Judgement of priority for cehabititation

Conclusuon

In order to estahllsh the syslem for ]udgmg lhe pnonty of rehabilitation, three indices were defined;
those being euonomy index {traffic volumefrehablll!auon ¢ost), salety index (degree of bridge damage)
and social index (income d:fferemla]). First of all, these three indices were calcualated, and then fotal
index value was worked out by adding the three weighted indices. Next, bridges were allocated into
each ‘road link', and the maximum lo!al index value of all bridges belonging to a link represents the

link. A tist of rehabilitation cost was prepared by arranging the link in the order of the higher index
value for each region.

Recommendation

The three evaluation indices mentioned above were recommended based on the fundamental concept
that safety and socioeconomic considerations must be made in public investments not placing priorily
only on economic feasibili'ly,' espeéia]ly when considering the many bridges in rural areas where there
may be low returas of investment. This recommendation is in conjunction with the MOP policy. In
cases where there is a change in the situation of regional bridges, or where applied to a typical br;dgc
the MOP must make corrections. -

(4)'Rehabilitalion prdject investment plan
Conclusion

Road links (bridges) are allocated into the scheduled rehabilitation program of each fiscal year in order
of priority on the rehabililation cost table. The allocation was made in such a manner that the totat
rehabilitation cost is approximately the same every year,

Recommendation

The project réhabilita_tion period is supposed as 10 years (first phase 5 years and second phase 5 years).
The rehabilitation period was so established that the MOP could complete the rehabilitation project for
each year within their budget and organization. It was judged from the conjectured volume of the
rehabilitation for all regions based on the data collected at the model survey (IX) region that 10 years
would be su[f cient for the rehabililation period. It is recommended that after the first 5-year period,

. that the plan rewew the whole rehabilitation plan including the rehabititation principle on the analysis

of the achieved rehabilitation thus far, as 10 years is a long period, and during that time the economical

situation and traffic demand in rural roads would change.
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2. Bridge Rehabilitation Design

Conclusion

‘The bridge rehabilitation dcssgn was prepared in order to show an actual !cchnologlcal example which

would be useful for the MOP to demde rehabilitation method based on actual mspectton results, The
Study Team selected twenty bridges with the MOP counterparts and conducted inspection and analysis
of amount of damage as wcll as designs for rehabilitation method.

Besides the inspection of bridge itself, an environmental study was conducted to estimae the effect
which rehabilitation of bridgcs may have on its surroundings. A standardized and simplified method of
the environmental study was recommended consequently after exchange of opinions with the staff of

the Department of Environment in the MOP over the necessity and procedure of lhe envxronmema! '

study for small-scale rural bridges.

Recommendation

To date there do not seem to be many bridges having been mspecled and slrenglhcned ona ]argc scale
in Chile. Furthermore, more money and effort has been spent on reconstruction rather than repair.
Thus, many bridges have not been recognized in the inventory nor maintained over 2 long penod. In
order to maintain bridges systematically, it is most important to discover damage as early as possible
and to make appropriate repairs without delay. It is therefore recommended to intentionally and

actively maintain and repair damaged bridges by efficient use of the inspection method proposed by

the Study.

Although the MOP intends to replace timber bridges with more permanent structures such as concrete
or steel, the element of time must be considered. To construct a new limber bridge is difficult
nowadays from economical and environmental aspecis, but on the other hand there is still the

advantage of easy repair; therefore the MOP must maintain their technology of timber bridges and not
discard it.

Regarding the quality of concrete, it is proposed that the MOP makes effort to improve the quatity of
concrete implementation, ‘The problem of the quality of concrete is not merely a construction-site issue.
IT the problem is not properly addressed, Chile will end up with many concrete bridgeé of poor quality,
consequenily bringing about the risk of deterioration of rural bridges in general. At the begmnmg of
the rehabilitation plan, there is thus a chance to present bridges of high quality for future users.

In order Lo extract environmental problems accompanying bndge rehabilitation, it is recommended o

start with the Project Description and the Site Description. Following scoping and screening, the initial

environmental examination (IEE) is carried out using inspection. forms for environmental
considerations. In case that an obvious environmental impact is recognized, prelirﬁinary environmental
impact assessment (Pre-EIA) is carried out. In the Pre-EIA, mitigationl methods of remarkable
negative impacis caused by the rehabilitation are considered. By prooeedmg with the study in the order

described above, it is easier to grasp the existence of the little-understood envuomnenlal problems of
the smalt bridges and measures for overcoming them.
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3, Standard Bridge CADD Program

Conclusmn

The bridge CADD program developed in the Study is based on the specifications of AASHTO which
are usually adopted by the MOF. The representative bridge types to be developed as well as computer
hardware and software were selected according to the investigation results of bridge design, bridge
construction, and computer use¢ in Chile.

The programs dcveloped are as follows:

Superslruclure
- Pre-tensioned PC beam
- Post-tensioned PC beam
- Steel rolled H beam
- Steel plate girder
All the beams and girders abovc_are composite types wilh concrete deck.

Substructure
- Inverted T abutment with spread foundation
- Wail-type pier with spread foundation

The slandard drawings were prepared by using the CADD program for the bridges both of one and
two lanes with span tength between 14 and 36 m.

The CADD program and the standard drawings can be applied to typical bridges with a straight
alignment and a symmetric transverse cross section, but not to a skewed or curved bridge.

Due 10 the fact that AASHTO standards are not specific regarding high-strength bolt connections for
steel girders or positioning of post-tensioned cables, design technology nornially applied in Japan was
interposed foliowing discussion on technological matters with the MOP.

Recommendation

Verification and examination of the CADD program output as well as decision-making is the user's
responsibility. Therefore, the program was developed so that the user can compile the output according
to his/her purpose. It is possible to use the program out of the scope of its original specifications to
some extent depending upon the user's creative capacity.

On developing such a program it is nol necessarily advantageous to devclop every delail by oneself in
such an age when computer technology progresses quickly, therefore existing application softwarc
were impléms_:n!ed. In order to maintain the best status for the computer at all times, regular renewal of
software and hardware versions must be kept in mind. At the same time, the program itself must be
maintained and improved to keep up with the latest version of design standards.

It is recommended that the program be widely used in the country. For the technical staff of the MOP
in chaige of b_ri_dge planning, the basic use of the 'program is recommended for the estimation of

~ approximate size of planned bridge. While, for the bridge designers both in the MOP and in private

firms, the program would be used more in professional application to the identification of switable

des1gn parameters and to the preparation of structural design drawings within the capacity of the
program.
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