SRS
No. 22

The Study on the Rehabilitation and
Conservation Program of Bridges in
The Republic of Chile

Final Report (Summary)

March 1993 |
Japan International Cooperation Agency

SSF

JR

03— 033







J!Kcr\ L.IBRARY

HIEHWE%HIEEHH

1104643[01

2¥ 19 *






“The Study -
| on ,
The Rehabmta‘tlon and Conservateon
Program of Bradges
| FRET ) :
The Repubilc of Chl!e '

o Final He'po'ft:'(Summary):

~ March 1993

o Ja{pan_- International Cooperation Agency



VT e R

21982



PREFACE

In response to a request from the Government of the Repubhc of Chlle, the
Government of Japan decided to' conduct a Study on. the Rehabilitation and
Conservation Program of Bridges in the Republic of Chile and entrusted the Study to
the Iapan International Cooperatton ‘Agency (JICA)

. JICA sent to Chile a study team headed by Mr Katuyuki Hlokx Chodal
Co. Ltd tbree ttmes between October 1991 and February 1993.

,' The team held dlscussxon w1th the officials concerned of the Government of -
_Chile, and conducted field surveys at the study area. After the team returned to Japan,
further stuches were made and the present report was prepared

_ Ihope that thls report will contribute to the promotlon of the pro;ect and to
- the enhancement of fnend_ly relattons between our two eountnes

' Iwnsh to express my sincere appremahon to the ofﬁmals concerned of the
-Govermnent of: the Repubhe of Chile for their close cooperation extended to the team.

March, 1993

Kensuke Yanagiya
President

- Japan International Ceeperation Agency
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Chapter 1 Introduchon

- 1 Survey Background

The coast line of the Repubhc of Chile is long, tunmng approximately 4270km north
and south. Mountain ranges parallel the coast line, with the Coast Ranges running
down the Pacific coast, paralleled by the Andes to the east. Looking east and west, the
‘country is very natrow, with a maximum width of 150km and a minimum width of
80km. 80% of the county is mountamous and hxgh mountams are prominent espeually
in the northern and central regions

_In order to promote reg10nal économic development and export busmess the
construction of traffic networks connecting production areas and consumption and
‘shipping areas is urgent. Presently, Chile receives financing from international
_agencies such as the World Bank and iDB, for developing its road ‘traffic network. The
Pan America Highway, which extends north and south, and its adjacent roads ‘are the
core of Chile's transportation and traffic network. However, the bridges on these
roads are old and present a ma]or obstacle to the development of the road traffic
network system : :

The constructlon of bﬂdges in Chﬂe ‘became active in the 19805 ‘and there are now
approx:mately 8,000 bridges. However, earthquakes frequently occur in this country
.which- hdas more: than 55 active: volcanoes.  In addition to the earthquakes, heavy
deterioration of the existing bridges and -erosion from fast-flowing rivers from high
mountains, such as the Andes, present serious problems in maintaining and managmg
Chiles bndges _

MOP recentiy c:reated an mventory of e)ostlng bndges on and in close proxiinity. to' the
Pan America Highway, which is Chile's main road, in order to maintain the functioning.
“of the highway. MOP. is" planning to establish a bridge maintenance, repair, and
management ‘system ‘based ‘on’ this inventory.. In order ‘to activate the efficient
maintenance and management of these bridges, it is necessary to summarize and utilize
the ~information which has already been collected individually. Therefore, the
' establishment of a bridge information system using a data base. is also planned.

Through this 'system, a bridge record, inspection record, and repair record, which are
presently collected individually, will be systematized and prepared for common use as
comprehensive: bndge information. By utlhzmg ‘this method, costs vs effects can be
‘judged rationally. :

Given these czrcumstanees MOP has asked japan which has 51m11ar topography and
geology, and high-technological  expertise in the field of brndge earthquake -proofing,
'for its cooperation and assistance with this plan

1-2 Survey Outlme
-2 1 Survey Ob;ectwe

- ,_At the. request of the Chﬂean government a field survey for bridges along the Pan
American - Highway ‘and’the major adjacent routes was conducted throughout Chile,
except in the 11th and 12th states. From the field survey, a maintenance, inspection,
and repair. plan,: -and related ‘guidelines were created. Additionally, a data base system
was constructed usmg a- computer in order to systematically manage all collected



information and to perform effective bridge maintenance and management.

The objectives of the field survey can be summarized as follows.

1) To propose a bridge maintenance and management method which is
appropriate for Chile. - S : - S :

2) To perform a field survey and collect data related to bridge maintenance and
management, and to create a bridge repair plan. = o o

3) To systematize the bridge records and construct a datg base. ) _

4) Through this survey, transfer technology related to bridge maintenance,
inspection, and management operations to the counterpart engineers in Chile.

1-2-2 Survey Outline
The survey can be divided into the following three themes.

i) Survey.of the present bridge situation and determination of a bridge repair plan.
2) Preparation of bridge maintenance and inspection guidelines. =
3) The creation of a bridge maintenance and management system.

(1) Present .Bridge Situation Survey and Determination of a Bridge Repair Plan -

The surv'ey' of the present situation regarding bridges in Chile was performed 'by
dividing the survey into a preliminary survey and a detailed survey. .

1) Preliirninaly Survey

The following survey was performed tafgeting. 256 bridges along Route 5 in the 4th to
the 10th state, as well as, bridges along other adjacent main roads. :

a. Visual observation inspection (deterioration, damage, deformation) -
b. Measurement of basic bridge dimensions
¢. Photographing bridges

Based on this survey, general bridge structural drawings were created, and a
comment chart was created outlining the damage evaluation, structural
characteristics, and problems related to bridge maintenance and management,

2) Detailed Inspection Survey

Based on the results of the preliminary survey and its analysis, 10 bridges were
targeted for detailed survey. The following surveys were performed.

a. Survey of the deterioration of structural materials such as concrete and steel.

- b. Measurement of bridges and related facilities, and a deformation survey,
¢. Geological survey .

With regard to bridges that traverse rivers, the influence of fivers on bridge structures
was-surveyeq_and countermeasures were discussed. A road test ‘was performed for
~ the Peuco Bridge. The purpose of this test was to clarify the characteristics of the -
Peuco Bridge, to collect data related to the possibility  of fatigue  failure, and to

introduce the latest road test methods to Chilean bridge technicians. S

_2__



3) Determination of Bridge Repair Plan

‘Based on the results of the detailed inspection survey, a method of repair was
“proposed. The proposed method of repair was created based on the following -
concepts,

a. Priority was given to the recovery of the original functions. Punction
enhancement was not considered.

b. Design repair based on each membel s structural calculations was not
performed. -

¢. Structural damage and the environment surrounding the bridges such as nature
'and'trafﬁc volume were considered. -

{2) Creation of Bndge Maintenance and Inspectlon Guidelines

Bndge maintenance and management is a pro;ect to maintain bridge functions, from
the completion of bridges to their replacement. In promoting maintenance and
management activities, "Bridge Maintenance Repair Guidelines” was created for the
technicians in charge of the project. This guideline consists of the following:

1 Deflmtlon of termmology used for bridge maintenance and management.
2) Visual inspection survey method '

3) Method of evaluating inspection results and standards

4) Standard repair methods

5} Detailed inspection survey methods

6) Examples of repair methods

(3) Creation of a Bridge Maintenance and Management System

Computers were essential in order to create repair plans scientifically and rationally.
In this survey, a system was proposed to evaluate bridge soundness, repaiv priorities,
and to calculate rough estimates for repair costs.

1-3 Survey Organization

The survey was performed in \ Chile and in Japan. The survey organization consisted of
a delegation organized by JICA and its counterpart dispatched from the Chile National

Government Agency The survey was performed through the organization shown in
Figure 1-1.

3
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. 4
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Figure 1-1 Survey P.érfdrnian_ce Organization

1-4 Sl,irvey Targeted Area

The survey was performed targeting bridges along the major highway ‘Route 5 (Pan
American Highway runs through every state) and the adjacent main_ highways in every’
state, except for the northern 1st, 2nd, and 3rd states and thé soithern 11th and 12th-
states. The survey area is shown in Figure 1-2. SRS S S
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2 Chapter 2 Brzdge Survey
2 1 Brudge Prel:mmary Survey
- 2—1 1 Outlme of Prehmmary Survey

Three teams conducted prehmmary surveys targeting 240 brldges As per agreement

survey bridges included those of a length 10 meters or greater located. in the states
numbered ‘4 to 10, and- brldges especially required by MOP. . Initially, there. was a
slight difference between 'the number of targeted bridges proposed by MOP and the
actual bridges ‘surveyed. . In the end, the number of bridges  surveyed by the
delegatlon was 246 located along Route 5 ( F;gurez -1to Fxgure 2-8), and 10 bridges
located on routes other thmt1 Route 5.

2-1 -2 F:eld 'Su’rve“y' Method

In order to’ perform the survey along a 2000 km route, extendmg north and south,
- the delegatlon was divided into :3 survey teams. A survey chart (Table 2-3) was
created prior to’ operatlon in order to maintain consxstency in the types of data
obtained from each survey team. Data included estimation of bridge damage, basic =
bridge size; and specific bridge port:ons to be photographed Furthermore, prior to
the actiial survey, a joint survey was conducted and opinions were exchanged in an -
effort to minimize differences in the evaluation values between each survey team.

The followmg survey sheet was prepared for the prehmmary survey
1) Inspect:lon Record o |

An mspectmn record" (Table 2- 1) was created as a means to ehmmate differences in -
mspect:on parts and evaluation items between surveying teams. The record lists
. the same items as in the mspeehon book; as well, these items are basically the same
~ as the evaluation matrix which is used for evaluation of brldge soundness. . The
3essent1al 1tems were determined durmg an exchange of opinions after the joint
=survey ' :

2)' Record of Basn: Bndge Measurements

As was. expected many old bridges did not_have drawings or a record of basic
_mformatlon for input into the data base. In theése cases, basic bridge measurements
were performed Measurement - records (Flgure 2-9 )} were created showing the
elements that would be measured, such as, bridge width and length. - Once again

. efforts were made to minimize inconsistencies in the’ measuring data, and general
structural drawmgs were made based on-this record.

3) I’hotographlc Posmomng Instructlons

' ]Photographs were an 1mportant feature of the inspection’ ‘data. Reference drawmgs
(Pigure 2-10) such as . overall ‘structural drawmgs, bridge surface conditions, main .
girders, slab, crossbeams, abutments, bridge piers were created, along with
drawings of the structures which required special attention and drawings which °

- .showed brldge damage
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2-1-3 Survey Results
(1)  General Bridge Problems in Chile

As a result of visual observation inspections, the following general bridge probiems
were defined by the surveying teams.

1) Common Problems
a. Bearing

Rubber bearings are now used in the construction of bndges and satisfactory
bearing were almost non-existent for bridges constructed over 10 years ago. Asa.
result, bridge deflection and impact are directly transterred to the substructure
and many of the contact points (usually called the base of bearing) between ' the
substructure and upper -structure are now damaged. Movable parts were judged
to be immobile, and the Gerver hinge, which is often used in Chile, had an adverse
effect on the main body of the bridge.

b. Expansion Joint

Cover p}ate expansion joints are used for most road bmdges in Chile. The cover
plate is welded at the construction site and. its reliability is- suspect. The joint's
durability is questionable because most bridge joints were judged by the survey
teams to have been damaged after only two years of use. As well, operation
‘accuracy is poor and this has had an adverse affect on the main body of the bridge
by creating abnormal sounds and increasing impact effect. (Refer to F!gure 2-17)

SOLDADURA

Figure 2-11 Expansion Joint
c. Filling

The protection of fill is extremely poor in the areas where fill touches the bridge.
In order to reduce fill pressure, pier-abutment and pier -type abutment bridge bases
have often been used. There is however is a high possibility that the fill on the
backside of the abutment (approach) will sink as a result of poor compaction and
lack of protection of the fill at the front. It is necessary to discuss protection
methods for filling. (Refer to Figure 2-12) ' '

ﬂzg.;
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Figure 2-12 Filling

'd. Foundation

Certain types of bridge foundations; such as the foundations at the Maipo and
Malleco bridges, are often used in Chile even though they should not be used for
bndge foundations in countries that experience frequent earthquakes.  -As was
seen at Maule Bridge, problems of scouring were basically a result of the lack of
‘foundation depth. Bridges in dry area tend to endure earthquakes better because
‘of strong ground support. However, in the south, especially for problem bridges in
the 10th state, the ground support is poor. Survey of the foundation ground when
planning the construction of a bridge is very important.

e Planmng cmd Desngn

Bndge design is stzll analyzed by a bar structural analy51s even for bridges of great

- width: = Grille structural analysis and -multidimensional static indeterminate
structural analysis are not widely used. This has resulted in the construction of
‘bridge structures that ignore lateral sectional strength by not using supports such
as crossbeams. As well, weak points in the structure have been created by using
Gerver ]omts where continuous spans would be more appropriate. The Gerver
structure is not being used for bridges currently under construction.

£ Altéfaﬁon and Renovation Methods

An increase in traffic volume has resulted in a shortage. of bridge width in \ Chile.
There are two p0351b111t1es for expanding bridges from two lanes to four lanes.
One possibility includes using the two old lanes exclusively for oncoming or
ongoing traffic, while two lanes are added by constructing a totally separate
bridge; the second possibility includes width expansion by creating a vertical joint

" to-make the bridge seem as one. In both situations, the old and new bridge are

~‘always different. In the first situation, both bridges are constructed individually
and there are few maintenance and control problems as long as the composition of
the ‘spans are the same. In the second situation, it is necessary to consider the
. influence of the new structure on the old structure, control of the expansion joint,
and deformation of the vertical joint. (Refer to Figure 2-13) .
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Cencrete Bridge Problems |
a. Concrete'Quelity
In general, the quahty of concrete was ]udged to be low. Problems were notlced in-

the construction of form work, and its resemblance to unfinished concrete. The
finish of some brldges presents a problem, such as the treatment ‘of wire for forms

and the leavmg of corner forms behmd

The curmg of the concrete was poor, causmg honeycombmg and the exposure of
reinforcement. This contributes to points of weakness in the structure. .

b. Continuous Reinforced Concrete B'eam Bridges _.
Gerver hmges have been frequency used. on continuous: remforced concrete

bridges. One of the problems however is the use of Gerver hinges where there is
no necessity. For example, hinges have even been used for beams-less' than 20 -

~meters in length which creates a major point of weakness., Another problem shown

in the: figure is the weakness of the hinge structure against shearing. : Furthermore,
large cracks at a right angle to the bridge axis on the concrete pavement side of the
middle support point were observed. (refer to figure 2-14)

Effective Structures against -. Sfructufes used in Chile
Shear Destruction _ L
Pigure 2-14 Problems using the Gerver nge



¢. Pillars for-Reinforced Concrete Arched Bridges

The plllars used for arched brldges are too thm Rigidity of the pillars is
- questionable as they are 30 meters in length and only 70 centimeters in thickness,
furthermore, there are no middle crossbeams. Pillat elastic deformation: does not
seem to have been considered and significant bridge damage as. a result of pillar
thinness was observed in the southern part of the country. (Refer to Figure 2-15)

”

30™

Eigure.Z-lS Pillars for Arched Bridges
d. Execution of Concrete Work'

Treatment of new and old concrete work joints was not performed carefully and
weak points in bridge structures were often seen.

3)  Steel Bndge Prob_lems
a. Crossbeam Structures
-Floor ﬁammg was composed of the ﬂoor beam only and in rare case, both
crossbeams and the floor beam are used: Connection with the main girders was

done by on-site welding and was not carefully done. Breaks in the welding and
repairs were seen at no less than 10 brldges (Refer to Figure 2-16)

‘SOLDADURA IN SETU

'Fig_ur'e 2-16 Crossbeam Structure



b. Main girders

- Cross -section Chénge of the main girders: was "s'u_dden', which 'c'aUSes'a_’-:"stt'iiétur'al
“problem in regard to fatigue. As well, many girders were loose because of a lack of
. camber adjustments. - : S S T

(2) Evaluation of Bridge Damage

Evaluation of damage for bridge members was conducted based on the inspection
record shown in Table 2-1. The Analytic Hierarchy Process was used in the evaluation
method. The estimation was divided into three steps. In the first step, each member of
bridge is evaluated, in the second step the superstructure, substructure and accessories
such - as 'expansion joint , pavement and: handrail, etc. are evaluated. The
comprehensive evaluation for bridge damage is conducted in the third step.  The
bridges evaluated as damage degree 4 and 5 are’ shown in Table 2-2.

—32_



Table 2-2(1) Bridges Evaluated as Damage Degree 4
No| Name ' ‘Type | Reglon | Deteriorale
122" [NAVOTAVO Los B 2.95
- 42 |LOS LOROS LOS 5 296
151 IDESCARGA = jLos. . B 2.96
100 |LAS VERTIENTES T HAG 1l 2.96

" 50 {CLARO - ' ARS’ 7| 2.96
149 |DUQUECO - HPO 8| "2.95
22 |QUILIMARI HAG "4 297
29 |PULLALLY ACE [ 208
88 [PIRIHUIN . - _ LOS 7] 2.98
17 |CHIGUALOCO. HAG: 4] 2.98
158 [PSPIDIMA - TACE 9 - 299
108 |ACHIBUEND - HAG. 7 . Aa00
102 |QUILIPIN ACE 7] 3.00
175 |QUEPEANTIGUO ACE 10 3.00
117 |NIQUEN LOS - 8 3.01
31 |TALAQUEN. LOS 5] .01
44 [PEUGCOORIENTE ACE " 6 "3.01
25 [LA BALLENA LOS 5 3.02
155 |ESPERANZA ' HAG ‘9 3.02
C72 {TiNGUIRIRICAS. HAG L8 2.04
C{74CAUTING - HAG T8 3.05
;172 IMETRENCO . HA- 9 T 3.06
478 |QUEPENUEVO. MIX 9 3.06
157 [MALLECO. ACE 9 3.09
116 |PERQUILAUQUEN HAG B 3.10
233 {TRAPENBAJO LOS 10 L .3.42
33 |ELCOBRE LOS 5] 3.13
178:|PERALES ACE 9 3.18
236 |LO PINTO 1 ORI, LOS 13 3.18
.23 lPSLOS MOLLES L0S 5 3.19

- 124'|MENELHUE = LOS 8 3.19
161 [DUMO. . "ARS ) 3.20
188 [LELFUCADE2 ACE 10 3.20
168 [PSPUA LOS 9 3.22

- 240°|PS SURACERO ACE 13 323
181) |CHADA LOS 9 323
140 [LANTA ACE 8 3.23
- 34 [ELMELON LOS 5| 323
14 [AMOLANAS, ARN 4 3.24
160 {CHAMICHACO HA: 8l . a2

- . 38 JACONCAGUA-OCOA HAG .5 3.26
108:|LONGAVI ' . | ACE 7 3.26

_ 70 |ANTIWWEROPONIEN. HAG sl 327
138 |RELBUN .. . ' HAG 8 3.33
156 |MININCO HAG g 3.37
134, |GALLIPAVO, LOS ™ 8 3.37
.. 152 |BUREO. HAG 8 3.42
110 JPIGUCHEN LOS 73 3.46
7141 |BATUCO. LOS 8] . 3.46
142 [BATUQUITO LOS 8 3.48
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Table 2-2(2) Bridges Evaluated as. Damage ﬁegi‘ee 5

Noj Name s _Type | Region | Deleriorate |
143 1SALTO DEL LAJA “ACE. . B CAst )
150 |BIO-BIO. | HAG o T
245 |PAINEORIENTE - - [AGE . | ° 13l 380
123 |NINQUIHUE s gl a67]
166 |QUINO JARN P el an)
g7 |eipuco’ : Los - a7l 3.74
213, |RAHUE . Lo ARN ) 375
99 IMAULE ORIENTE ACE B 3.81
159 JHUEQUEN . . OS5 .9} 3,69
" 98 [MAULE PONIENTE MIX it 3.95
137 DIGUILLIN - HA,. 8 3.897
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_ 22 River Surveys

The following 4 problems can be'poiﬁtéd out from the results of our site surveys on the
bridges on the National Highway No. 5. '

1) Considerable scour at parts of piers and abutments

‘Rivers in 'Cihile have"s_teep slopés and rapid seasonal changes in discharge. The
lengths of bridge spans are relatively short and the foundations are shallow. For
these reasons, piers and abutments of many bridges are scoured to a considerable
degree, '

2) Shortage of bpeniﬁg of bridges

In order to make the spans shorter, many bridges have approach roads, which are
banked at the same level as ground level of the bridges, protruded on the high-water
channels, In addition, many bridges have short spans for the economic reasons, with
“a result that many rivers in the lower reaches have cross-sections much narrower
than those in the upper reaches. For these reasons, the flow passage sections of the

rivers are conspicuously insufficient.

As a result, in time of flood, the water levels at the bridges will rise higher than those
upstream and downstream of the bridge and the flow velocities will increase. This
will bring about the increases in the scour at the substructures and the lateral loads
caused by the flowing water pressure. This will not only weaken the sustaining
power of foundations but also incur the dangers such as subsidence, tilting and
collapse.” - -

Fu:r:thermore,”in ‘cé:ses that thé ﬂbwmg water touch the superstructure, the water
levels will rise further. This will bring about the further scouring of the piers and
abutments and the deterioration of the superstructures. '

3) Insufficient protection of 're\_re_tmént slopes

In many bridges, access roads are protruded on the ‘high-water channels by
embankment, and large natural stones are often used to protect the slopes of the
approach banks and revetments. In these cases, only those stones which have size
and thickness enough to bear the stream power of the rivers serve the purpose of
- protecting the slopes. Some of them, however, change artificially the stream
" direction from the upstream portion, resulting in centering the stream power at some
parts of the substructures, causing or increasing scours.

At some revetments, which were unable to bear the streamn power, slope collapses or
erosions have occurred. o -

_ 1) _Ins_ufﬁciéﬁt 'embeddihé of the foundations of bridgé substructures.

In Chile, spread foundations are used in many cases, as most river-bed grounds are
made of gravel layers. Whether they use spread or pile foundations, footing depths
of substructures are relatively shallow, with a. result that the embedment of
foundations are notably insufficient. This brings about the early lowering of support
strata, tilting and collapse caused by the scour, and is one of the main reasons for

 insufficient life of functional bridges there,
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Chapter 3 Bndge Detalled Survey

3-1 Bridge Detailed Survey

3-1 1 Outime of Detailed Survey

'(1)_ Selechon of Detalled Survey Targeted Bmdges

: Bndges were targeted for detmled survey based on the followmg selection stauderd
i pOhCleb :

1) Bndge for whmh the degree of damage is severe and repair is urgently requlred
2) Bridge showing the characteristic damage in Chile :
3) Bridges for_high economic and social 1mportance

4) Bndge for prepanng the typlcal bridge repair in the technology transfer

Asa result of the above selectlon standards, __ dlscussmn wete held w1th MOP in
-regard to the 22 bridges selected by the Study team and the Operation Supervision
“Commiittee. Finaily, 11 bndges selected, of which 10 bridges are selected for detailed

'~ bridge survey and the remaining 1 ‘bridge is for load capacity test as shown in Table

~ 3-1. Table 32 shows the situations for bridge damage The iocahons of hndge are

- shown in Flgure 3-1. '

(2) Surveyed Bndges
Surveyed bmdges are shown in Table 3- 1

Table 31 Outhne of Surveyed Bridge

‘No.{ ‘State’| _N'amerof _ Length  Type of
A A - Bridge - ol my Bridge
1 4 - |- AMOLANAS - - 2352 | 3Span Conhnuous Reinforced Concrete '
] . © | “Axch =
215 | PULLALLY - | 1483 3 Span Continuous Plate Girder _
3 | RM | MAIPO - 460.6 | . Prestréssed Concrete Glrder
4 RM | PEUCO - . = 990 | Steel Girder ‘
.5, 7 "CLARO - | 1177 ] . 7Span Continuous Bnck Arch
6 7 LONCOMILLA | 1500 | . Prestressed Concrete Girder
- 7.t 8 I BIOBIO . . 14550 -} Steel Girder {104 continuous)
.t | _ANTIGUO. T B
: 8 8 ; RAMADILLAS' 1 21007 _ Steel Girder (14 continuous)
9 F g MALLECO =~ | 3441 9 Span Continuous Steel Girder
10 i0 | PICHOY - B0.6 Reinforced Concrete Girder :
11 |- 10 CAYUMAPU 49,0 '3 Span Continuous Remforced Concrete
" : - : " Girder :




Table 3.2 Situatidns for Bridgé Damage

Bridge Name

: Sltuatxon '

- Amolanas

Damage to the pavement and Stab on the side span “of|
the Santiago side was sxgmﬁcant as 4 result of the
impact of lve loads.

Pullally

Deformation of the three continuous spans on the La
Serena side was large. The ratio of beam depth to

-span was small {1/26), and vibration was" heavy

during vehicle crossing. Accordmg to MOP the bnd,ge

| hada history of collapsing.

Maipo

“There were no middle crossheams:

T’here were no
lateral pre-stress at the ‘énd horizontal beams: The

bridge piers were two individual pillars - and their}

resistance to earthquakes was queshonable Part of | .

the foundation was exposed by’ scouring.

Peuco

Two main steel girder bridge. No solid fioor”beam‘
and damage at the welded parts '

© Claro

Being a monumental structure ir Chile, a request was
made to restore it. Scounng on the foundatlon was
protiounced.

Loncomilla

The depth of the foohngs for the abutment and bﬂdge

~ pier ‘was insufficient, Therefore, H-shaped steel was

exposed to scouring and the bridge pillars were tilting.

Bio Bio Antiguo

The bridge collapsed during an earthquake in 1960.
Vehicles over eight tons were. prohibited from using
the bridge. Traffic capacity was insufficient. -

Ramadillas

~ The frequency of use by heavy trucks carrying timber

was high. Serious cracks “have appeared in’ the :
abufment conecrete. 1

Malleco

The structure was constfucted in 1973 but the - gnd-
buckled -before - the opening . ceréemony. Sbffemng:- :

‘material was later added. Although this was a 3 main g

gitder structure, there were no crossbeams to enhance "
load_distribution and deflection was large. " '

10

Fichoy

. The abutment shifted durmg an earthquake' - The. |

abutment width is very narrow and vulnerable ‘to|:
earthquakes. The Gerver hinge was also damaged.

11

Cayumapu

The abutment and bridge pier were szgruﬁcanﬂy tlitmg :
as a result of. earthquakes '

—38—
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3-1-2 Method of Detailed Survey
The following works were conducted in the detailed survey.
1) Measurefne’nt by Instrument

The following survey was conducted to measure conditions and deterioration of
structure materials. -_ S ' ' :

a. Non-destructive concrete hardness test by Schimidt Concrete Haramer Test

b. Non -Destructive Reinforced Concrete Survey by Profometer = '

¢. Concrete Neutralization Test S : :

d. Steel Hardness Test by Brinell Hardness

2) Survey of Deformation and Measurement of Dimension

Bridges deform by earthquakes, floods and scouring, | etc. Diffefé'nc'és' between
dimensions on design drawing and at completion sometimes occur. Therefore, the
 following surveys were conducted to obtain the. present dimension of bridge. . -

a. Survey for horizontal and vertical displacement, .vertical gradient and - -
settlement. survey for vertical alignment of approach road. -
b. Survey for scouring and degree of angle for pier . i _ .
¢. Confirmation for depth of foundation of substructure and survey for conditions
- of scouring on river bed I S :
d. Survey for distribution of cracks in slabs

- 3) Geological ‘Survey

At present, there is-.ljt.tl'e_ geological data for bridges in Chile. The geological data is
indispensable to conduct measurement against earthquake and scouring. Therefore,

of 10 bridges for the detailed survey, 7 bridges exclusive of ' AMOLANAS, CLARO -

and RAMADILLAS bridges were surveyed. It is very important to obtain data from -
the standard penetration test. In this Study, the standard . penetration. test to find
load resistance of foundation, and geological test in laboratory, o determine the .
type of soils in bridge construction site were conducted. . o S



3413 Surifey Resu'!te and Examination
(i) Inbtrumentatmn Measurements
. 1) Measurement Results

Concrete Strength

‘The concrete strength of ten bmdges, as measured by the Schxmdt Hammer Test
has ‘a maximum - average of 330 kg/cm2 and: a ‘minimum average of 210 kg/em2.
Maipo and Loncomilla bndges, whose upper structures consist of pressed concrete

~ girders, are beyond- the ‘maximum of 300 kg and their concrete strength was found
to be higher compared with other bridges. The concrete strength at some locations

. was measured as low: for the Bio -Bio, Lamadillas, Pichoy, and Cayumapu bndges,:

: however, ‘these strengths do- not present an immediate problem in' terms of

',structure faiture. : :

b Remforcement lnspectlon

z-‘_RemforLement locatxons were’ conhrmed by a profometer durmg nondestruchve
reinforcement inspections... . For' locations - where neutralization testing ‘'was
** performed, the ‘diameter of. the reinforcement . was: conﬂrmed by drilling into . the
" concrete dt -locations where reinforcement  is found. - Even for the - Loncomilla
Bridge, “which . has - the widest . interval- _between reinforcement (the w1dest
. reinforcement interval bemg 260 cm), there are no “problems concermng the
- reinforcement.. interval ‘1. The covering thickness of - concrete ; varies ' from a
maximum of 78 mm to a minimum of 3 mm: These values are within the range of
location and construction error and do not present. any particular problems.
. However, we could not confmn whether the reinforcement diameter is suffmlent
' _relanve to stress as there were no design calculation results.”

. Steel Matenai Quallty

-jA hardness measurement test was performed by echo tlp to conﬁrm the
‘Characteristics of the steel used for upper bridge structures. Brinell hardness of

_steel (S540) -used for bridges in ]apan is HB=140-150. The value for the Pullally
Bridge (average HB=125) -and the Plchoy Bﬂdge (average HB=128) was shghtly_
lower in thns survey

d 'Concrete Neutraliiatidh o

. Neutrahzatmn testmg - Was performed ‘at the * same time as confirmation of
reinforcement  locations by profometer. This is performed because concrete
neutralization “is related to the. progress of reinforcement bar rust. Concrete shows
strong elkahmty (PH12) when first poured, however, concrete becomes neutralized and

- its alkalinity weakens with the passage. of -time. Reinforcement bar corrodes rapidly

within concrete of less than PH9. For the Claro, Bio-Bio, Ramadillas, Pichoy, and
Cayumapu bndges, the majority of locations are less than PH9 and the depth of
- neutralization is greater than 20 ‘mm. Thls illustrates that neutrahzation is fairly
-.advanced S



'2) Examination

The objective of this survey is to analyze the characteristics.of the bridge materials. -
As a result of this survey, the strength of some: bridge materials ‘indicate a slight
problem. However, these problems are not directly related to .the. safety of the
bridges that were examined. Concrete neutralization for several bridges is
intense, as Table 3-3 shows, due to the fact that the survey targeted bridges: are
old. This means that the working life of these bridges is over and that repairment
measures -alone will not be sufficient. It is desirable in the near future to. replace the
bridges which have problems as indicated by concrete neutralization testing.
Table 3-3 Survey Results by Méasuring Instrumentation ...~ .

| Bridge Name Concrete Reinforcement | Steel Strength | Neutralization
v | Strength Layout - - N b :
AMOLANAS | = N SEETE B N
PULLALLY : ' ' " A A
CLARO | | | I CH
LONCOMILLA oy R A
[ BIOBIO - A T o
RAMADILLAS | . A . ©
TMALLECO T T T B
PICHOY - A | A Y ©
{CAYUMAPU A ] N PR ©
Note) - :
®:  shows problem

A shows slight problem
‘Blank : no problem - . R

test was not performed.
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(2) Basic Structure and Deformahon Survey

B Measurement of brldge sn'uctures using survey equ1pment and the deformatlon
survey. shown below were performed at the same time as the various surveys using
" measuring instrumentation, The data is summarized in a separate collection of
" diagrais. Please refer to this information. In regard to the survey method refer to
.~ the bridge maintenance and repairment guidelines, 7-4 The problems of each

- bndge, as dlscovered from the deformatlon survey, are discussed in this section.

1) : Survey Results -
| Table 3- 4 shows a summary of the deformation causes of each bridge.

SRR Table 3 4 Deformatlon Survey Result
-Bridge Name . Major Deformation ¥
AMOLANAS Cracks in the pavement are obvmus because of the
T vehicle wheel load. All of the' pillars of the bridge pier
on the Sant:ago -side span are deformed on’ the
o S abutment side.
PULLALLY ' Vibration - is large when heavy vehicles  cross.
. =i | Deformation of the main girder is observed by visual
"1 “observation. A difference of approximately 7 cm exists
‘on the joints of the 3 and 4 continuous spans Scourmg
L . - of the bridge piers is advanced.
MAIPO | Scouring of the bridge piers on the Talca side (Cll) is
' - advanced. As well, settlement (approx;mately 10 ‘cm) of
“the upper structure on the same bridge pier. and lateral
o e | displacement (apnrommately 13 cm) are large. .
CLARO - 1"Scouring of C2 bridge pier foundation.
LONCOMILLA | Approximately 35 em displacement is caused relatxve to
L | the spans neighboring on the C5 ‘bridge pier. At the
'same location, the left and right road surface hexght is
_ 3 displaced approximately 12 em.
BIO-BIG = Scouring of the bridge piers is advanced and plles are
o S exposed for a majority of. the bridge piers. At the}
“location of the C46 bridge pier, the left and right road
surface’ height is. displaced . approxnnately 19 om.
| Possible . titting of the same bridge piers is high. Road
“surface deformation is so advanced that the road is not
. adequate: for high -speed driving. -
RAMADILLAS Road surface deformation. is “obvious because of
' : settiement and tilting of the bridge piers. Deterioration
_ T of the bridge pier girder seat is at a dangerous. tevel.
"MALLECO =~ | Deformation of the whole bridge is large when heavy
: o . - | vehicles cross. A displacement of approximately 8 c¢m is
‘observed between the top and the base of the bridge
: plers However, the cause is not clear as to whether this
is a result of constmcuon error or post-construction
error. : :

s |



PICHOY "~ ] Road surface deformation because of seftlement and
tilting of the C2 and C3 brldge piers is large. .The
~maximum: lateral dlSplacement is 13 ¢cm and the vertical
displacement is. 14 cm. Bridge piers on the Valduna side
B are tilted and the bearings have come away.
CAYUMAPU - 1 bmdge pier settiement (approximately 10 cm) C2
' ' bridge: pier tilt (approximately 4 degrees); E2. abutment _
tilt (approximately 11 degrees) o

2) Examination

Asa result of the deformation’ survey, the causes of deformatnon are con51dered as
follows when the results are: separated. Deformation does not occur due to any
patticular cause but is generated as a result of a combmatlon of factors as shown in
Table 3-14. :

Table 3-5 Causes of Bridge Deformation

Bridge Name _ " Deformation Case _

2 1 : 2 3 4
AMOLANAS © ' v
PULLALLY. 0 0O O ©
MAIPO 0 K '
CLARO O -

- LONCOMILLA O © - ©
BIO-BIO © '
RAMADILLAS O © O
MALLECO O B - O
PICHOY . . 10 © . ©
CAYUMAPU L 0 © - ©
1 Damage by heavy vehicle traffic.

2. Deformation caused by scouring from rivers.
3. Settlement deformation due to insufficient foundation support.
4, Deformatzon due to earthquakes

© :major cause of deformation :
O :secondary cause related to deformatlon
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3-2 Load Test
3-2-1 Oiltlin'e-of Load Test

Aload test and a stress: ﬁ'equency measurement of vehicles crossmg were performed

at the Peuco Bridge, located 60 kilometers south of Santiago City. Test
measurements ‘were performed using the latest instruments with the Chilean staff:

the purpose being to introduce load testing to the Chilean staff. The results of the
foad test did not directly reflect the maintenance and repair plans which were the .
main purpose of this project. The principle. objective was to clarify the basic
characteristics of the. bndge '

Peuco Brldge had- 2 main comp051te plate girders and a relatwely large slab span- (3
continuous spans). All joints were welded. Based on these characteristics a load test
was performed as described below.
Test Points are following;:
()  Confirmation of structural characteristics of a 2 main girder bridge.
- 1) - deflection of the main girder'én’d slab
2) load distribution effect by the fioor beam
-3) behavxor of the comp051te girders
(2) Conﬁrmatmn of fatlgue characterlshcs
)] Confirmauon of the relatlonsth between load and stress.
Measurements ‘were performed usmg strain gauges attached to monitoring
pomts on the main gxrders, floor beam, and vertical stiffener. Displacement

gauges were also set on the main girders and slabs near the center of the span in
order to act as sensors. The load test procedure is shown in Figure 3-2



: ‘ ~ 1. Material ‘confimnation
Measurement Preparation la.-.....cecooeeeeeeee. - 2, Footing preparation
- : : " 3. Altach slrain’ gauge B}
4. Adjust the conneclion of the -
instrument SR
5. Prepanation of the test vehicle

) . i DS 1, Static load
- Biatic lead test : .
: 2, Moving load
Note) Stop traffic during -
- stalic foad test

{instrumants  used}
Strain gauge

Stalic slress amplifier
Displacement gauge

Stress freqt}én@ mﬁéuremnt"as ISR S i :8830:;;0! 24 hours under the
vahicios croes the bridge womg

{instruments used)

- Shrain gauge : T
Hislogram recorder " Traffic volume Survey. Data from toll booth
Personal compuler : . e T T

R B
: Vehicle weight survey

Weigh! gtation 'dat.a_ '

Figure 3- 2 Loa_xd Test Procedure



3-2-2 Summary of Measurejment Results
(1) Statre Load 'I‘est Results
The followmg tendenmes were noted as a result of testing, -

1) Stress occurred mamly in the main g;rders ‘Significant stress did not occur on
+ the upper and lower members of the floor beams, dlagonal members and
~vertical stlffer:ers

2) Comparmg the c‘tress in the bottom ﬂange of the main grrder where the Toad is -
at each measuring point, the stress at’ gauges No. 1 and No. 2 at the
~ cross -section change point was 187 kg/sq cm and 178 kg/sqcm. The stress near
~the general center span was 92 kg/sq cm; the stress at the Cross -sectlon change
. -pomt was approx1mately 2 times greater.

3} Comparrng of gauges No 14 and No 101 (1ower fiange) whrch ‘were located
- symmetrically to the bridge axis, when stress -was loaded on the No. 14 side,
~ the stresses for No. 14 and No.101 were 92 kg/sq cm and 18 kg/sq. cm,
. respectively.. This means that a large load dlstmbutron on the main girder did
‘not occur. _

4) A relatlvely large amount of stress was. recorded on gauge No. 3 which
- monitored the stress on the weldmg end of the vertical stiffener lower end
: The maximum was 120 kg/sq cm. : :

5) In regard to the ﬂoor beam: member, 20 to 30kgl 5q cm of stress was generated
on the upper member; however, stresses on the lower member and diagonal
member were almost nonexistent.

(2) Sl;ress Frequency Measurement Results

Table 3-6 shows the calculatron results of fangue hfe
The followmg pomts were determmed based on the fatrgue lives prechctrons

1_ Fatlgue hfe of the mam girder cross -section change pomt is 1 to 2 years
Severe stress for fatlgue is occurring,

2 the of the end of weldmg of the vertrcal stiffener is approxrmately 10 years
and itis under severe stress conchtlons ' _

3. In regard to: members of the floor beams life of the welding of upper member
gazette is. short However, a short llfe is not pred.rcted for other pomts

3«2-4 Summary and Recommendatlon
_ Replace of the PUECO bndge is recommendable by the fo}lowmg reason;

1 Fatlgue hfe is !ess than two. years at the cross-sectron change pomt of lower flange
2) Weldmg at the floor beam is cut several times. =
3) The main’ girder is broken and repaired by weldment at the side.
4) There are some problems for the design’ concept of two main girder bridge under
constructlon : :
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Chapter 4 Bridge Repair Design
4.1 Basic Policies - |

The aim of this chapter is to present proposals for the methods to be used in the repair
~ work of the ten bridges selected as a result of the First Field Survey, conducted between
November and December 1992. The ten bridges were selected for the following
reasons.

1) The bridges required urgent repair as the degree of damage was severe.

2) The type of damage observed on them was typical for bndges in Chile, as well as
satisfying condition 1) above. _

- 3) They were bndges that were of socioeconomic lmportance

“The ten bndges selected are therefore generally in unsatlsfactory condmons and some
of them will in fact require replacement with new bridges. Under the present project,
however, replacement and upgrading of the bridges will not be considered. Proposals
will be made here for methods of reinforcing the bridges so as to prevent collapse of the
bndges that are in partlcularly ‘dangerous conditions, and for meéthods of conducting
repair work with a view to maintaining the existing bmdges functional and removing
:the dangers _

Smgl_e; r_ex_nf.orce'me'ntl repair methods are proposed and drawn up in principle for. each
bridge, but the proposals here do not go as far as the calculation of the details such as
the thickness' of the members and the quantities of reinforcement steel. Possible -
amelioration methods include a wide variety of choices from maintenance and repair
to reinforcement and replacement and further studies will. be required in many -cases
before the final decision is réached. Furthermore, the design for the repair work should
deal not only with individual items:of damage but should be based on an accurate
‘assessment of the overall- condition of each bridge. Various factors will therefore be
taken into, account in the design of the repair work, not only the conditions of the
bridges -themselves but factors: relating to the topographical, geological, seismological
and sociological conditions of the area where the bridges are located, as well their
relation to the rivers Wthh they cross and roads with which they are connected.

42 Results of. Detaxled Surveys and Condxtlons Relatlng to Selection of Repa;r_
- Methods

(1) Results of Detaﬂed Surveys

The detailed surveys were conducted usmg the instruments described in Chapter 3 and
include tests on concrete strength carbonation of concrete and Hardness of the steel
members, as well as measurement of the' sectional dimensions of the bndges and their
deformation. Soil surveys were also conducted around some of the bridges in question.
The results of these surveys provide the basis for the selection of the repair methods.
The items of the damage as observed in these surveys and visual inspection may be
classified as follows.



(a) Appropriateness of the relationship between the road ahgnment and bridge

position

(b) Topographical and geological problems at the bridge (landslides, soft ground

liquefaction)

(c) Problems relating to the river
(d) Traffic volume and bridge width
(e) Aging of the bridge

(f) Damage to structures

(g) Problems arising from the design and construcuon of the bridge

(h) Seismic structure of the bridge
(i) Deformation of the bridge

(j) Conditions relating to detour routes

The damage observed on each bridge may be summarized as s_howh in Table 4-1.

Table 4-1 Damage and Causes

Name of Bridge A B C D E

F G H I I Bndge Type _

- Amolanas * o ¥ Ok k% % & & Reinforced conc_rete. arch
Pullally - *ok * *  Steel-plate girder
Maipo * * ¥ * Prestressed concrete (post- tensmn)
Claro *oE o *  Brick arch :
Loncomilla * * * % Prestressed concrete (pre- tensmn)
Bio Bio ok ok - Sleel -plate girder ‘
Ramadillas ok ok * kR Steel,—plate girder
Malleco * * * % x k% Steel-plate girder
PiChOy ¥ o _ * ’?‘iglagel:?lt?e%gg)?ced concrete. girder
Cayumapu * *OF * ox T-shaped reinforced concrete glrder

Note: Asterisks (*) show the applicable items of damage on each bndge

(2) Conditions Relating to Repair Design

In addition to the examination of the damage and its causes on each bridge, certain
conditions must be established for each item of damage in selecting the methods to be
used in the repair work. The following conditions are used as the criteria in the design

of the repair work.

1) Conditions for Road Alignment

Are the horizontal curve and longitudinai gradient on the .brid'ge and in the éecﬁoné _
immediately on either side appropriate for the design speed of the road? (Amolanas

and Malleco Bridges)



2) Topegréphical and Geological Conditions

a. Landslides have been observed on the Temuco side of Malleco Bridge, and a
_ drainage well (diameter: 25 m, depth: approx; 30) and approxxmately 50 landslide
prevention piles (diameter: 1.0 m) have been constructed. The pier of this bridge,
-with a height of 77 m, penetrates only 6 m into the ground, a fact which gives rise
to doubt as to whether account was taken of the location of the bridge in a
landslide-risk area at the time of its construction. Geological surveys will need to
be carried out to decide whether to implement landslide prevention works for
protechon of the bndge or to relocate it altogether

b. On loose sandy ground hquefachon at times of earthquakes - may result in the
lowering of the bearing capacity. Investigations need to be camied out in such
. cases on the requirement for foundation works.

c. Where the penetration of the piles is inadequate on soft ground this makes them
prone to settlement and lateral movement. These piles should be reinforced with
long additional piles: or, where the conditions are not satisfactory, :the
substructure as a whole should be replaced. (Ramadillas, Pichoy and Cayumapu
Bmdges)

d. Foundatlon works are of- importance where the abutments have been constructed
on fill ‘soil (Amolanas Bridge) or where there js a tall embankment nearby.
‘Geological ‘surveys should be carried out in such cases for investigation of the
measures to be taken in such cases.

(3) Conchttons Relatlng to Rwers _

a. Where the bridge is too short in relation to the width of the river, the side spans
-will need to be lengthened in future (Pichoy and Cayumapu Bridges)

-b..Where the obstruchon by the bridge in the cross-section of the river is large,
effective spans will need to be enla’rged in futu.re. {Bio Bio Bridge)

¢. Bridges whose clearance ‘below the girders is inadequate in relation to the high
water level should be repiaced :

d. Where the bridge piers are not in lme with the flow of water, the piers are
- subjected to high water pressure ‘and this may also cause scouring. Construction
-of groynes and reinforcement of the foundation will be required in such cases.
(Pultally, Maipo, Claro, Loncomllla Bio Bio, Ramadillas and Cayumapu Bridges)



(4) Conditions Relating to Traffic Volume

Conditions relating to traffic volume include the bridge width, number of traffic lanes,
and the problems in the structures for supporting the live load. These are summarized
in Table 4-2. : , :

Table 4-2 Traffic Volumes around Bridges to be Repaired
| | 1988

_ Traffic Volume S Investigation Items
Name of Bridge Smali to Medium- Large Vehicles Total ~ Widh Li¥¢ Load and

Sized Vehicles Supporting Mechanism
Amolanas - 1350 651 2001 *  (substructure)
Pullally 2235 S 1082 3317 * (superstructure)
Maipo 11294 7400 18694 o
Claro 4332 2867 7199 %
Loncomilla 1199 684 1883 - | e
Bio Bio 11700 2145 13845 *  (superstructure)
Ramadillas 1712 1501 3213 (substructure) _
Malleco 2300 - 1444 3744 (su'per's.truétu'ré)
Pichoy 1398 484 1882 (substructure)

Cayumapu 1398 484 1882 '

Note: Those bridges marked with asterisks {*) in the table above do not have
adequate widths and require widéning or addition of new lanés. In the
right-hand column, "superstructure” means that the bridge in question
has problems supporting the live load for reasons arising out of the
superstructure, such as damage to the floor slabs, while those marked
"substructure” have problems such as the settlement of the substructure.

(5) Conditions Relating to Aging of Bridges

Of the bridges in question, Malleco and Maipo Bridges are relatively new. Serious
symptoms of aging are observed on Amolanas, Claro and Bio Bio Bridges. These three
should ideally be replaced. For reference, unsatisfactory. results were also obtained in
the carbonation test on Ramadillas, Pichoy and Cayumapu Bridges. Radical measures
are required on Amolanas, Pullally and Bio Bio Bridges, where aging- is observed in
addition to the damage to the floor slabs, in view of the problems regarding -the
supporting mechanism for the floor slabs.-On Ramadillas and Pichoy Bridges, where
the widths of the bridge pier crowns are inadequate, the concrete has undergone
carbonation and the sectional thickness is inadequate. It is thought best to carry out
partial placement of new concrete on these two bridges. 3
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(6) Conditions Relating to Damage to Structures

Con51derat10ns will be restricted here to damage to various components of the bridges.
The positions where damage is observed ‘are listed and given as conditions for devising
countermeasures, Cases of slight damages have been omitted. Those cases listed below
are also judged to requu'e repair or reinforcement. (Refer to Table 4-3)

Table 43 Damage to Structures and Countermeastires

Name of Bridge Floor Slabs Main Girder Cross Beam Abutment  Pier Foundation - Mea§ilres
: Required on
Amolanas * * * * . Floor slabs,
pier
Pullally - * * * % * Floor slabs,
S : main girder
Maipo ' * * * Pier crown,
foundation
Claro * ' * . Foundation,
arch
Loncomilla * % * Renpair of pier,
foundation
Bio Bio . ok * ® * ' * % Floor slabs, fall-
E - off prevention
Ramaditlas * * % * Pier crown,
o foundation
Malleco * * * * Super- and
substructures
Pichoy - * * * * Sk Pier crown,
- foundation
Cayumapu . . * * * % Gerber girder,
yamap ‘ ' . substruciure

Note: Asterisks (*) show the existence of damage in the relevant positions.

{7) Problems Arising out of Design and Cénstruction of Bridges

__Deficuan(:les that easnly arise at the time of de51gn include inadequate studies and
" inadequacy of the design standards used. Unsatisfactory execution, lack of satisfactory
construction technology (machinery) and use of cheap materials and equipment for
economic reasons will mean that the bridge thus constructed’ will suffer various
problems on a semi-permanent basis. The problems arising out of such factors tend to
run deep and usualIy require radical measures for amelioration. (Refer to Tabie 4-4)



Table 4-4 Problems Arising out of Design and Construction

Name of Bridge Soil Surveys

Design
Standards

Unsatisfactory Construttion
Execution .

? Remarks

- Amolanas

Pullally
Meipo
Claro
- 'Loncomilla
_ BioBio
Ramadillas
Malleco

Pichoy

. Cayumapu .

*

&

*

*

*

*

Technology onamy

Seismic des:gn ﬂoor slab -
, camber

_ ' lmdequate main g:rder
section

Seismic deéign

. lnadequale plie pcnetnalmn .
tength
L !nadeguale span -

Inadequste pile peneteation
length and pier crown widih

Landslide, seisrlc design

Inadequate pile penetration
- length and pier crown width

Inadequate pile penelration

Note: Astmsks indicate problems arising out of design and execuuon

length, Getbier girder

(8) Concht:ons Relating to Seismic Demgn of Bridges

To determine the need for countermeasures, con51derat10ns are made on the «overall' '
structure of the bridge, as well as on the details of the structure, in relation to adequate

strengths against earthquakes, and as to whether the bridges are located ofn grouncl

easily affected by earthquakes. (See Table 4-5.)

(9) Conditions Relating to Deformation of Bridges

Deformation was observed on a number of bridges and in a number of cases the lack of

bearing capacity was seen to have resulted in settlement and inclination, as well ‘as
deflection and torsion on the superstructure and tall bridge piers (see Table 4-6). The
causes of such cases of deformation must be studled and approprlate measures taken

accordmgly
Table 45 Parts Presenting Problems in Selsmlc Structure
' . 0 all Detalls of - | '

Name of Bridge Sttgglure Structure Groun.d: .Parts Presentmg Prob}ems _

o * Column structure, glrder suppor{

* %

.Amola_mas - longitudinal gradient .
Pullally Founciatlon
Maipo * * Cross beams, mdependent pners .
Claro
Loncomilla :
Bio Bio * Girder support .
Ramadilias * Girder support, soft ground _
Malleco ' * * Column struc{ure, mdepcndent piers
Pichoy * Girder support, soft ground
Cayumapu * ‘Girder support, soft ground
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Table 4-6 Déformatibn of Bridge

_ fB L Bridge Face - E Superstructure Substructure

N'_““’” ndg§ 'Unduiaﬁon Seulemenl_ "I:;;i:::'néﬁt ‘Torsion Deflexion  Setttement Inclination Deflexion
Amolanas * ¥ * o * " "
Pulialty ' o £ w

Maif:o : * ' ' *

Claro

.'L'om;m"n'il-!a ' * * %

BioBio k% *

Ramadilias * * * # % %

Malléco : L _ * * _ * * %
Pichoy % * * v -
_-Céyum'éi}u‘ *

(10) Detour Route Condltlons

When a bmdge faces ma;or repalrs the execution methods will chffer dependmg on
whether or not the bridge can be closed to traffic. Even for work on the substructure, it
may be easier to carry out the work with the superstructure removed, but if the traffic

cannot be diverted this is not possible. The conditions relatmg to the detour routes are

' examlned in this study.

55—



4-3 Repair Design of Ten Bridges

Table 4-7 shows a summary of repair methods for bridge

Table 4-7 Repair and Reinforcement Methods for the Ten Bridges

Repair/Reinforcement Method

T

3456 78 910

Floor Slabs

Placement in situ

Precast concrete slabs
Steel stabs

I-shaped steel grid slabs
Steel panel slabs
Attachment of steel plates
Attachment of FRP rods
Mortar spraying

Resin injection

Patching

#

#

HFOE 3 o3 % oI o3

Floor Sy's'tem

Replacement of main girders
Overlapping beams
Addition of main girders

-Addition of cross beams

Reinforcement of main girders'
Span 'reductio_n

Introduction of prestress
Reinforcement of cross beams
Repair of Gerber girders

o o3k % 3% %

Substructure

Widening of shoe seat
Reinforcement/repair of piers
Reinforcement of foundation

Construction of new substructure

. Others

Expansion joints
Shoe

Fall-off prevention
Painting

Railing _
Approach slab
Pavement

Scouring prevention

* o] % o= o | % 2

¥ % 3R %
* T ¥ T ok % %
. 1 %
L . T T RS

+*
*

P ‘s
****.#‘# # *

Note) *: method adopted in outline repair design
- #: method considered as alternative in outline re

replacement of bridge) R A
Bridge names: 1 (Amolanas), 2 (Puilally), 3 (Maipo), 4 (Claro), 5 {Loncomilla), .. -
‘ 6 (Bio Bio), 7 (Ramadillas), 8 (Malleco), 9 (Pichoy). 10 (Cayumapu) .

pair design (excluding N



Chapter 5 Bridge Rehabilitation Planning

8-1 Principle for the Planning of Bridge R_ehabilifation
5-1-1 Present Situation 6f Bridge Rehaﬁilit’ation I’factice in Chile

One of the n main ob;ectlves of this Study is to work out an optimum methodology which
will contribute to the effective' maintenance of bridges on the National Route 5 which is
the most important trunk road in Chile, aiming to secure safe and smooth flow of
traffic, from the engineering and socioeconomic standpoints, and .then, to fornuilate a
bridge rehabilitation plan. Through a series of bridge inspections catried out in the first
and second phases of the Study, it was identified that there were many bridges which
were in the latter stage of senility in thelr life cycles and had severe defects among
those on thls route

A bridge is one of the components of a road network system, and therefore, when the
function of a bridge is once lost, it will give a great adverse effect to the society and
economy not only in the area where the road is running, but also of the whole country.
Furthermore, because of the reason that the National Route 5 is the most important
artery of this country whose traffic volume has been rapidly increasing in line with the
development of economy, the loss of national benefits and interests will be
unaccountable by the suspension or loss of bridge function. Therefore, implementation
of the proper maintenance and rehabilitation’ activities to bridges on the National
Route 5 is considered to. be of great importance and urgent nece551ty in this country.

In parallel w1th the Study, the Government of Chile, with its own discretion and
financial resources, has also been planning and implementing new construction,
rehabilitation and replacement of those brldges which immediately require such
measures, in order to comply with the rapid increase of traffic volumes. In particular,
in Regions VI and VII, implementation of the large-scale highway improvement
programs are underway, including construction of grade-separated intersections and
widening of carriage ways. In line with the programs, Maule Bridge and Piduco Bridge
which were identified to be of high priority for proposed replacement in this Study are
now in the process of actual replacement works,

§-1-2' Bridge Rehabilitation Planning

Determination of the bridge rehabilitation priority consists of many factors and
elements. The priority shall preferably be determined by the comprehensive evaluation
based on the engineering and structural factors such as the degree of bridge defect and
functional characteristics, as well as the political and sociceconomic factors. like traffic
volume, regional development plan and national development policy. However,
formulation of a bridge rehabilitation plan in the Study was attempted with
application of the Bridge Maintenance Management System developed for this Study,
“due to the following reasons. The process of plan formulation can be roughly 'described
as the evaluation of bridge defective degree based on the results of periodic inspection
as the first step, and then, the determination whether the inspected bridges require
rehabilitation or not as the second step, which is followed as the final step by
determination of the bridge rehabilitation priority and estimation of rehabilitation cost.



As a part of plan formulation, pnorntlzatlon of brldge rehabllitanon for all the
mspected brldges on Natlonal Route 5 was worked out by the followmg conditions and
methods, : .

1. A]I the mspected bndges on Natzonal Route 5 are to be compared thh the same
conditions, regardless of bridge status whether included in the -existing.

~ rehabilitation plans with budget allocations or on-gomg rehabilitation works
bemg undertaken

-2 Rehablhtatlon prlorlty shall be determined ﬁom the v1ewpomt of engmeermg
~ criteria such as’ degree of defect, function and type of the bmdge

3. The standard rehabilitation method and its cost for ea(:h brldge component shall‘
be detemuned for those bndges whlch are rated as the defechve degrees 4and 5.

4 With an assumphon that all the brldges rated as above on Natlonai Route 5 shall'
be rehabilitated with the aforesaid. standard methods, calculation of each bridge
rehabilitation cost will be made. . ,

5. As the mdxcators for evaluahon of rehablhtatlon pmorlty estlmation of cost for
. bndge rehabilitation work and applicable traffic volume are to be worked out

- 6. Above mdlcators shall ‘be properly tabulated  so that the bridge rehablhtation
~ priority detemuned in item 2 can be evaluated. _ _ _



- 5- 2 Bfidge' Rehabilitation Plan for the National Routp 5

‘The prlonty of bndge rehabllltatmn decnded by the integrated determination indicators
(TE) is performed in the Study. The bridges which are necessary- urgent repair are

-shown in Table 5-1, The bridges with the fo]lowmg condmons are not included in the :

Tables

1. Brldges which: already have plans for rehablhtatlon/ replacement.

2. Bridges which are not the bridge deficiency rate 5 for the super- and sub—structule,
though the TE indicator is higher

3. Bridges which are necessary to construct new brldge (rep}acement) due to severe
;iamage occurred by problems of basic structure and of conditions for the bridge
ocation. :

Table 5-1 Bridges Necessary Urgent Repair

HO.| NO | . NOMBRE REG | COST .| ADT BA | COST/ | COST/| TE [L{S |1
i | {(xi000 PSY| | _ADT  BA%ADT

1|29 |PULLALLY 5 © 48916 | 40957 1552 | 11945 | 7.7 J129 14 4|5
2| 70 [ANTIVERO PONIEN | 6| 26511 18182 [ 1574 | 1458 | 0.9 1120 |5 (4 |3
871 '53 | PS TENIENTE PON| . 6 34990 | 15340 | 338 | 2281°| 6.7 j130 {4 |4 |5
t {137 | DIGUILLIN 8] 163725 | 12644 683 | 12949 [19.0 [124 {4 |55

2| 123 | NINQUINUE -8} 13313 5485 206 | 2053 [ 10.0 [130 {4 |4 |5

3 {140 [LAJITA -« 8| 8422 6593 304 { 1277 4.2 [128 14 {514
4 | 117 | NIQUEN B 4282 | 5485 261 653 | 2.5 |122 |4 153
5| 142 | BATUQUITO 8 65542 [ 6593 144 ] 9941 {69.0 {130 4 |45
6.]141 | BATUCO ¥ 11192 | 6593 ) 331 | 1698 | 6.1 | 12575 {4 |4
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17 | 233 | TRAPEN BAJO 10 5853 | 2794 360 | 2095 | 5.8 113 |45 (3
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Chapter 6 Outlme of The Gmdelme

-A bridge is one of the structural facilities whlch compose a road network system. It
‘normally requires the largest amount of cost for its construction and maintenaice. It is.
also inclined to face greater chances to suffer from natural disasters due to its
functional: characteristics. When the time comes for a bridge not to be able to keep it
function, it will put-enormous adverse efforts riot-only on road transportation, but also
to- stablhty and security of the society. Furthermore, restoration of the bridge function -
requires a huge cost as well as long period of time. Therefore, maintenance -activity of
~ the bridge plays a very 1mportant role to ensure safe, smooth and comfortable flow of
road trafﬁc : : ‘

ThlS guldehne is prepared for the engmeers concerned in charge of the bridge
‘maintenance. It presents the basic principles, methods and . standards of the bridge
inspection and subsequent maintenance. Therefore it does not cover all sorts of bridge -
“inspection methodologies, ' nor introduce the detailed rehabilitation methods. The
-guideline is compcsed of the follomng contents. :

- 1) Basic. prmcnples of bmdge mspectlon and maintenance
2) Definition of terminology related to bridge engineering
3) Standard procedures of periodic bridge inspection
4) Evaluation of the results of inspection and evaluatlon criteria
5) Standardized ‘rehabilitation methods .
_6) Standard proa.edures of detailed bridge mspechon
 7) Case study of bridge rehablhtatlon

Thls guideline is separately prepared from the Main Text of the Study, and is entitled
“Guldelme for Bridge Maintenance Inspection”.
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- Chafi)tiér 7 {Bridge Maintenance Management Systems
.7-1 Svstem Concept

,The bndge management system presented in thrs paper is a suppmt system to aid
‘planning of bridge maintenance programs in a way that is both scientific and practleal
The system involves the use of a mlcrocomputer to store bridge-related data in'a data
base system :

When suppiled with data for a huniber of bndges the system is able to devise mspechon
‘schedules, determine the order of priority for various maintenance operations as well
- as dlagnose the . condltlon of existing brlclges The basic structure of the system is as
* shown in Figure 7-1, -

S
_ -An understandmg of tundamenlal data of
: exlstmg bndges '

-Collgction of hndga charactenstlcs data
: (Inc!udes mveshgatmns)

-An understanding of the condition of

_the existing bridges
-Coligction of bridge inspectlon ‘data
{Inctudes investigations) - -

I

Evaluaﬁon of condition oi

: bridges.” o
l; 1
_ beeision on re‘;-:_air. o -] Decision on-where mpaks
- [Operation order of priosty . | - | are necessary or not
-Evaluation of repair ' _-Se!ecuon of extant and
priorty : mathod of repair
-Bndge repatr order -S_eleetnen _o! tridges for repair
of priority - Higt dev:sed. - S ] -Selection of repair methods
: S -Selection of approxsmate
-cost of repafrs

’ _ . . Y. .
. ¥ Bridge repair :
C{ panning

. Figure 7-1 System Concept

Figure_s?.’?-z and 7-3 i_ﬁdi’cat,e the hardware and software used in the system.



7-2 System structure

1) Software

~ »Basic bridge data

lnput syslerﬁ < Inspaciion dala
_«Repair history data
Dala accumulation syslem {tses data base lll)

.Prog'r'ar'n"fer_ determining the condition of the bridge - -
« Program _'fbr deteﬁhining “whether repair work is ngcessary’ .
[ «Program for selecling method of repair _
+ Program for determining approximate cost of repair work
= Program for selecting the order of priority  of construcion work

Dala processing system

Output system [~ +General summary of fundamental. bridge data
oSummary of overali condition of bridge
»General overview of repair work order of priority
«Summary of bridge repair history

«individual print-ouls on other bridges

Figure 7-2 Structure of Software

2} Hardware

Computer ‘Display _

IBMPS/2 Modet 70 388 IBM8512-003 .

Memory : 3968 Kilobytes ‘ »| VGA : S [
Hard disc : 80 Megabytes 80 characlers x 25 lines; 16 colors - |-
Floppy disc :3.5 inch single drive : 840 dots x480 dots; 16 colors
Printer _ Software

IBMA4019 : : § MS-DOSVer. 5.0

A4 cut sheet MS-CVer. 7.0

_dBase { ) PLUS Ver. 1.1

Figure 7-3 Hardware
3) System processing block chart

Figure 7-4 uses a program processing block" chart to mdlcate the processmg software |
system for the brldge repair’ management System
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7-3 Basic functions of the system

The functions of the system can be divided mto those of data base and those of data
processing. _

(1) Data base functions

Data base functions include data recording, updating, storage, acéuimiiaﬁ_bn and
retrieval /foutput functions. The following section describes: these functions in detail.

1) Data recording and updating functions’
Data recording and updating functions consist of the following: .

a. The recording and updating of basic bridge data -

b. The recording and updating of preliminary bridge data

¢. The recording and updating of detailed bridge data '

d. The recording and updating of bridge repair history

e.. The recording and updating of system management parameter data

_Each of the recording and updatmg functions in 1~4 have batch and on-screen
- interaction functions. _

2) Data storage and accumulation functions

* These ‘comprise of interface software that assesses the dBase with the data
record/update and the data retrieval/output screens. The basu: software used here is
“dBase ~Plus V - 3.5, :

The main storage accumulation functions are as follow5'

a. Data storage and accumulation (mamiy data pecuhar to the brldge bemg
investigated) using a relational data base. '

b. Data storage and accumulation (mamly code data and WOrk ﬁies) using
sequential files.

3) Data retrieval/ output functions

Data retrieval/output consists of two functions. One of these functions, the fixed
retrieval/output function, sets forms that are used every day and bringsthem on-
screen after a code is entered. The other function retrieves specific data stored in the
data base. To do this the operator enters the items to be. retrieved, the
retrieval/output and data editing parameters. The followmg Tist descmbes the
content of these functions in detail: _



A. Fixed retrieval/output function

The -:f_()l'lowir'i.g ;docdments 'm'ay' be retrieved for each state using the fixed
- retrieval / output function: . _

General bridge documents:

1 DBridge outline '

2 Bridge inspection history.

3  Bridge condition. evaiuatlon
4 Bridge mamtenance history

Spe’c:lflc bndg’e documents‘ _' ‘

Fundamental bridge register

Bridge preliminary inspection document
Bridge condition evaluation

Bridge maintenance history

Fundamental brldge reglster (MOP format)

B. Ophonal retneval /output functlons 2

The optlonal retneval/ output- functions allow the operator to retrieve ophona_l
items stored in the relational data base (d Base). The procedure for setting the
~ conditions for retrieval/output is fixed. A fixed set of rules also applies to the
- number of pieces . of data retrieved, the number of output items, the output
format and the selection of the output unit. Such-procedures and restrictions will
be revealed during the detailed designing stage. The following is an outline of
the optional retrieval/ output function: Refer to Figure 7-5. :

Sel'eétibn of tem to be retrieved

Code daia is listed on the screen

'Se_leétibn of conditions of retrisvalfoutput

Y

o . —— Screen or printer output
Selection of output editing conditions Lotus file output

L—— File save

¥

Se[éclion_oi outpui unit - .

N

No |

Recogniticn of retrieval oulput conditions

Figure 7-5 Outline Of Optional Retrieval/Output Function
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@) Data -comp'uting / processing functions

‘Data computmg/ processing functlons are a set of applrcat;on programs that carry out
. data processing /computmg functions using the data and input data in the data base
appropriate to the aim. The system we used has the two computmg/ processmg blocks
shown below as was shown in Figure 7— _ -

1) Brldge condition evaluation system
The bridge condmon evaimtmn system uses the damage mspectron data to evaluate_
the condition of the bridge and to determine whether repalr is necessary. The system

has the followmg three sub-zouhne programs

1 Brldge sechonal condttlon evaluatlon processmg program

2 . Bridge overall condition evaluation processing’ program -
3 Repan method selechon and rough eshmate cost -

- 2) System for deteimlmng the order of preference for Bndge repaxr/ rebmldmg

This system ranks and selects the bndges along say, the Iength of state hjghway 5
according to the degree of urgency of repair. The system bases it§ decisions on the
results of the bridge condition evaluation while takmg into account economlc, social,

technologlcal and political faetors '
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" Chapter 8 Coriclueion And Recommendation
: 8~1 Concluelon " | |

The Study on Rehablhtat:on and. Conservatlon Program of Brldges was’ proceeded

- with'the inspections of 256 exxstmg bridges in total, 246 bridges among those on the
Natnonal Route 5 and 10 bndges selected on the arteries branched out of it.: Based on
the ‘results “of mspechons, a fairly comprehenswe bridge inventory reglster was
- prépared, which was followed by bridge defect degree evaluation and priority  rating
for rehabilitation. Then, formulation of bridge rehabilitation plan was attempted. In
 parallel ‘with- these" works, preparatlon -of "a guideline for bridge maintenance
inspection, and deveiopment of a' micro- computer system on bridge mamtenance_
management were 1mdertaken -

(1) Bndge Inspechen md Rehebxhtatnon Planmng

) Because of the reason that the des;gn documents of the e)ustmg brrdges sub}ected for
inspections wete not’ kept at’the: Ministry of Public ‘Works, measurement of the major
dimensions and photographmg of the bridges and their surroundings were carried out
at time of ‘inspections, along with drawing of their 'general ‘designs. By that way, a
brldge 1nventory register was prepared and compiled. The outcomes of these works -
were not only. very productive to formulation of the bridge rehabilitation plan, but also
will be expected to contribute to the brldge maintenance activities of the ministry in the
future. It is- suggested that similar ‘type of ‘data -collection and compriahon of. the -
‘existing bridges on the regional roads to be a proper bridge register will greatly :
contrﬁ)ute to the bridge ma'ntenance activities and their rehabilitation planning in' the
future

Among those bndges mspected on the Nahonal Route 5, the bridges which’ were_
evaluated to be of defective’ degree. rarlkmgs of 4 and 5 were selected and incorporated
in formulation of ‘the- bridge rehabilitation plan. The total budget of the plan worked
out by accumulation of the estithated costs of rehabilitation works amounts to. Chilean
~Pesos 4,000 million. Tt is to be pointed out. that the proposed rehabilitation plan.'is

interided to restore ‘the- originally ‘requiredfunction of the existing bridges, with the

standardized ‘rehabilitation' methods.: Therefore, it is neither planned to strengthen this
function, nor included large scale rehabilitation of the -special types of bridges. For
- planning of large ‘scale ‘rehabilitation ‘and for that of the special types of bridges, it
‘would be necessary to undertake further detarled studies wrth dlfferent approach '

Many of the bridges: mc!uded in the rehab:htatlon plan -are qurte widely ranged from
very old- onies to lately constructed ones, This means that there are great differences in
the design concept and’ desngn spec1f1cat10ns like design load, etc,, according to the ages’
when ‘the bridges were constructed. Apart from. this fact, some bridges were found to
~have deformations at their girders and piers, regardless of the times of their design.
Since there are no design documents at’ complehon being kept at the admmlstrattve
offices concérned, verification as to whether the deformations were caused at time or
after the bridge constructxon was found to be very d}fﬁcult -

']udgmg Erom these facts for the future pianmng of development 1mprovement ahd

maintenance of the bridges on‘a certain road network, consistency and integration in
“the’ demgh concept and standards would be necessary, in close: coordmatlon with' those
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for roads. For that purpose, some of the bndges seem to be requlred to elevate the tevel
of functions, which leads to the consideration on necessity of rehabilitation w:th

strengthemng of functlon or rep]aLement

With regard to the rehablhtatxon designs of 10 bndges selected for detalled inspection,
they are intended to demonstrate the basic ideas.and examples of rehabilitation
designs, with the main purpose of restoring their original structural functions, and
therefore not worked out based on structural calculations. Also, although geological
surveys of the bridge foundation was attempted for the bridges . where it was
considered necessary, they were conducted only to a practically possible point per
bridge, instead of proper positions near the bridge piers, they seems to be insufficient to
grasp the excavation depth of foundation, for correct designs of the sub-structure
rehabilitation. Therefore, at time of implementation of the substantial rehabilitation
works of the foundanon, it is recommended that the design works shall be done based
on additional detalled surveys and investigations. '

Also, there are some bridges mspected in details whlch are 1dent1f18d to reqmre certam
sorts of proper structural improvement and/or have been inadequately  rehabilitated
before by improper methods. Furthermore, some bridges are found to have barely
enough structural strength, but with fairly great deformation inducing transverse
vibration or rolling which are causing anxiety to the road users, and need constant
observation and investigation in the future (Malleco). Also, some are found to have
been severely deformed (Amolanas). With these facts in co_nsuier_at_l_on, it is.
recommended that the design concept and standards would be reviewed and revised to
be established as the national standards so that they properly conform to future
requirements to strength and measures to deformation as well as to the structural
details which can not be defined by just the design calculation.

{2) Guideline for Bridge Maintenance Inspection :

The gmdelme for bridge maintenance inspection prepared in the Study is mtended as a
reference or a specimen to those engineers who are engaging in the bridge. inspection
works. It describes not only the key points of bridge inspection upon its execution, but
also the fundamentals of bridge maintenance, such as the evaluation method of bridge
defect and standardized bridge rehabilitation method. However, it does not cover the
inspection of wooden, Fink and suspension bridges and other types which are widely
iocated on the  local roads in the country, because the Study isfor the bridges on the
National Route 5. - . o

The guideline is also recommended to be revised and improved with additions and/or
modifications in the course of actual utilization, and to be made as a proper manual for
bridge maintenance inspection and rehabilitation. For . this purpose, periodic
monitoring from the field engineers will be recommendable, '

(3) Bridge Maintenance Management Systeni
For practical and economical adoption, a bridge maintenance ma'nagement :'systéfn .
with a micro-computer was developed which has the data-base on various bridge

dimensions and records of inspection to determine the defect degrees of bridges. This
system was expanded to mclude the sub-systems to calculate the rehabilitation costs
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