34  REHABILITATION DESIGN
341 Reconstruction Design
{1) Scope of Design Work

The purpose of the reconstruction design in the Study is (o show examples of basic designs for the
cight reconstruction bridges.  The bridges were planned based on the topographic maps and the
ground conditions surveyed, to sefect bridge type, size and location, considering function and capacity

of bridge, geological and geographicat condition, and environmental impacis,

After the bridge plan, the CADD (Computer Atded Design and Drafting) programs developed in the
Study was uscd for design and preparation of drawings.  However, for case of San Jose Bridge, the

MOP is required to carry out supplemental design besides the design by the CADD to complete it.
(2) Bridge Man

The reconstruction plans for alignment and location, bridge type, width, high-water-level and
frecboard, as wetl as topographic and soil-boring survey area, had been discussed between the MOP
and the Study feam during and after the general inspection.  Based on the agreed plan for cach bridge

sile, lopographic survey by scale 1/200 and soil-boring survey were carried out (Sce Chapter 3.3.1).
Bridge plan was performed taking account of the following technical points:

1} Span arrangement
»  Span length was in principle selected from the econonical span range of 20 to 30 m, beating
in mind the balance of superstructure and substructure costs. If the substructure cost is
expected high for piles, a little longer span is considercd for economy.
+  For multi-span bridges, a standard bean of same size and span was applied as far as site
condition allowed, for easicr and economical design and construction.
. To secure smooth water flow, span arrangement was checked from the total peer widths in

waterway not over 5 % of river width.

2} River crossing direclion

»  Bridge was planned as far as possible to cross river at right angle toward river flow.

3) Location of pier and abutment
«  Many bridges inspected in Chile have insufficient openings for waterway, so that abutment
was planned to be set back from the existing location,
. Direction of pier and abutment was planned parallel to flow direction.
+  In case that new bridge was constructed paraile]l and adjacent to the existing bridge, the

location of new piers was so determined as to come on the direction of tlow from the
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existing piers in order not to disturb flow,

4y Type of super- and substructure

«  Inseclection of superstructure type, the following factors were con51dcrcd
- Spanlength
- Availability of beam fabrication yard at site
- Ground condition
- Transportation of pre- fabncalcd beams to site

«  For the span over 30 m and terrain of site was mountainous, steel beam was se!egtcd
considering casiness of ercction work although it was costly comparnd_ to PC (prestressed
concrete) beam. i

« Pile bent pier was not adopted although it was a economical construction, from the
{following reasons:
- Pile bent tends to create turbulence in flow around pites and causes severe local scour,

and

- To catch floating woods debris and that causes narrowing flow area,

5) Freehoard on high-water-level
. The minimum freeboard of 1.0 m between high-waler-level and the Jowest poml of

supesstructure was adopted for safe pass of floating debris.

6) Embedding of footing
+  The minimum depth of 2.0 m was taken from river bed down to top of footing, and footing
was embedded minimum 1.0 m into hard gravel strata or placed directly onto trimmed tevel

of solid rock or deepened more than the anticipated scouring depth.
(3) Embedding Depth of Footing against Scour
To examine the embedding depth of footing below riverbed, an estimation of scouring deplh was tried.

There are theee forms of scour in evalualing the safcly of brldggs namcly generai scoilr, contraction
scour and local scour.  General scour is the general dcgradalmn of riverbed along some considerable
length of the river.  Contraction scour results from contraction of channel width near the abutment

enbankment.  Local scour is the crosion of material adjacent to abuiments and around piers.

“Fhe scour ta be checked here is only a local scour around a pier.  The other general and contraction
scours were not considered, because they invelve the river hydraulics but which is unfortunately not

surveyed in the Study.

The curve presented in Figure 3.5 (from lowa Highway Research Board Bulletin No. 4 hy Laursen
and Toch) shows the predicted local depth of scour for a rectangular pier. For pier shapes other than

rectangular, Table 3.12 gives multiplying factors for relating scour.



Depth of Scour (8)

3.0 . Table 3.12  Shape Coefficients K for Nose Forms
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Figure 3.5 Curve for Depth of Scour

Scour for the reconstruction bridges was estimated with the following assumption:

«  Width of pier at strcambed W=120m
»  Depthof water flow H = 3.00 m assumed
o H. 300 95

W 1.20

For the pier widith to {low depth ratio of —\%— = 2.5, the ratio of scour depth (S) to picr widih (W} is
taken as _V%— = 1.9 from the curb of Figure 3.5.

The designed pier nose is semicircular, accordingly the shape cocflicient is given as K = 0.90 from

Table 3.12. In result, scour depth is estimated as:

S= “%‘xWszl.QxI.20x0.90:2,0m

Therefore, a minimum 2.0 m of embedding depth was adopted {or al} the reconstruction bridges.  The

depth of 2.0 m is a minimum depth of pier foundation given by the Japan’s River Act,
(4) Bridge Design

Main features of the bridge designs are summarized in Table 3.13.



Table 3.13  Summary of Reconstruction Bfidge Designs

Bridge Width

No. Bridee Name Type of Span & Bridge (Roadwa Location of New
B¢ Superstructure Length &(S_i dewat{) : Bridge
" = Post-tensioned 4@26 10+2@ 15 engian
2 David Gaicia PC beam - 104 m — 130 m Same location
3 | Granallas Il;%s:;;cafl\gioncd ?__ ?6213 1 ; 3 f _L2. Same location
3 Post-tensioncd 3@28: 10+2@ 10 jDown-strcam
*S | SanJose PC beam =8m =120m ~ |side
st-tensioned @3 2 ;
6 Puangue {E:%Si):)a?nl cd 4: IIO?n iol;.i '(2 I Up-stream side
7 San Josc de Marchiue lf:gs:)—;gr:{s;ioncd 2 ?62211 1;% [(I‘&: 10 Up-s'tréfam side
8 Anlivcro No. 2 g%s-g;;?;m"c‘d i (l@l g‘?“ 2 le f?nl 2 Same location
Pre-tensioned 2@720 7+2@ 1.0 Down-stream
{3 |Poculon PC beam =40 m =9.0m side
16 }San Juan Steel plate girder l %}: ET(;‘)' 4(%“' 2 Same location

¥or the new bridges, bridge widths were decided by the MOP taking account of the width of approach

roads, the traffic condition, and the future widening plans.

In case of No. 5 San Josc Bridge, the approach road is sharply curved, therefore the bridge has to cross

the river curved and skewed.  The bridge also needs piles and a circular pier column.  Such unusual

design can not be handled by the CADD, therefore the design prepared in this Study provides only a

basic design with the following features:

«  Curved and skewed bridge is designed as a straight and right-angle bridge.

precise analysis but considered cnough for small bridges within certain timit of curve and

skew.

«  Footing with piles and circular pier column can not be designed by the CADD.

(5) Design Conditions
Major design conditions adopted to the design are as follows:

1) Design method:

2y Design specifications:  AASHTO (1992)
3} Dead loads:
«  Plain concrele 2.30 vm?
. Reinforced concrete 2.50 vm?
«  Steel 7.85 vm?

CADD Program (Allowable Stress Method)

It is not a



«  Pavement T 2.30um?
. Soil T 1.80Um'

4)  Live loads; HS 20-44 loading
S) Sidewalk load: Wp=0293tm? (7.6 m<L = 30.5m)
6) Wind load; Wv = 0.244 v’

7 l?anhqixake load: Accelpfalion coefficient A = 0.15 (Categoty B by Single Made Spectral
Method)

8) Properties of materials:

«  Concrete : H30and 40, fo’ =250 and 350 kgfem’

+  Reinforcingbar  :  A63-42H, fy = 4,200 kgfem?, fs = 6,300 kg/cm’
»  Anchor bar . A44-28H, fy = 2,800 kg/em?’, fs = 4,400 kg/en’
+  Structural steel 1 AS2-34ES, fy = 3,400 kgfom?’, fs = 5,200 kg/cny’

«  High-tensionbolt accordinglo.ASTM A490.

9)  Soil strength parameters of bearing strata:  See Table 3.14, assumed based on the resuits of soil-

boring survey (Sce Soil-boring Report).

Table 3,14  Soil Strength Parameters

No. Bridge Nane Unit Weight (/) | Internal Friction Cohicsion (Um?)
Angle {degree)

2 David Garcia 2.0 42 ¢

3 Granallas 2.0 2 O

5 San Jose 1.5 0 13.3

6 Puangue 1.9 42 0

7 San Jose de Marchiue 1.9 42 0

8 Antivero No. 2 20 42 0

3 Poculon 1.9 42 1 o
4 San Juan 1.5 )] 04

(6) General View Drawings

Based on the data collected and the plans adopted so far, the éight reconstruction bridges were
designed by using the CADD programs developed in the Study.  Only the general views of them are
attached hereto in the following pages, and delails are given in Appendix 111 (Volume 5/8).
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3.4.2 Repair Design
{}) Scopeof Repair Designs

The purposé of the repair desiga is to show examples of various repairs for the bridges tobe repaired.
The repﬁif designs were based on the information of each bridge collected by general inspection and
(he results of damage inspection.  The repair methods were decided in accordance with the repairing
scheme studied in Clause (4) of Chapter 3.2.3.

As regards the repair of timber structures, the repair method the MOP has télken is replacement of
damaged timbers with new ones and that has been practiced by regional MOPs in their maintenance
duties. There was no particular techniques in the timber repairs to be interpreted by drawings.

Therefore, the repair designs for the following timber-used bridges were omitted:
- No.9 Los Cardos Bridge

The bridge consisted of timber shabs, steel beams and concrete piers/abutments.  Damages were
observed mainly on timber slabs but very few on steel beams and piers.  Slight damages were
found on abutments, and it was judged that repair was necessary only for replacement of timber
stabs.

- No. 12 Quillen and No. 15 Miraftores Bridges

All members of the two bridges were made of timbers, and some damaged members were
required to be replaced.

However, the damages of the above three bridges are presented in Appendix -1 (Volume 4/8), from
which timbers to be replaced can be known.

Therefore, repair designs were prepared for the cleven bridges listed in Table 3.18, including No. 2
David Garcia and No. 3 Granallas Bridges. The two bridges were already taken as reconstruction

examples but they were considered suitable also for repair examples,

(2) Selection of Repair Method

There are several repair methods applicable to a damage and the most suitable method can be selected
by comparing alteinative methods from technical and economical points of views. However, this
approach is complex and difficult unless by experienced engineers.  Therefore, the repair methods
employed in the Study are limited to those which arc common, simple and ofien praclicéd in the MbP.
The repair methods employed are listed in ‘Table 3.16, and the details of the melho.ds‘ are presented in
Division 11 of Bridge Manuals (Volume 6/8). For the convenience to select repz_iir meth_ods,
relation charts of damage types and répairs method are recommended for major damagés. The
concept of the charts is shown in Figure 3.6.



Table 3.15 Bridgés: for Repair Design

_N_o_"f_irldgc Name Bridgc;_Typc Bridge Proposed Major Repairs ]
' B O R YOR . -
——I Confluencia _ ST 1316 |« Repairof concicte
, 7 + Repainting of steel beams
e [).md(‘rann o RC 93,05 + Repairof concrete )
3 |Granaltas ST 4985 | . Repair of concrete i
e » Repainting of steel beanis
4 | Ventanas 77RC 30.00 —.MRC_;;; _(;f concrete
. 7 . ch!acemcmofcxpansionjoints
ﬁill.l _ Cautin RC o 14000 | « Repair of concrete _ ]
11 {ElIndio :i} iiiiii N 2110 | s+ Repair ofconcrclcﬁ? o
14 h'hl[ccf)_"._--___,, B 'IH - 92.0¢ + Repair ofC(;:}elc {abutment Only)i
17 Mcdir;a' . ST o 170.00 = Repair of concrete {abutment only)
7 » Repainting of steel beams
I8 {Cautin (88) St o '!52(_) . I_{;p_'ur of concrete {abutment only)
: + Repainting of steel beams
19 [Salva Te Alma ST 7 4(;70 « Repair of concrete (abutneat only)
« Repainting of stecl beans and pler
S R I __{_._ column —
20 |Quinchilca RC ——_ llllllll @ | = Repair of conerele

Table 3.16 Proposed Repair Methods

Type of Material Repair Methads
lnjcclion,' Caulking,  Grinding, Coating,
Concrete Resurfacing, Pre-packing, Dry-packing,
Shoterete/Gunite, Patching, Overlay,
Replacement
Steel Repainting

3.43




Location/

Kindof |_ Size/Rank of Repair Repair
-b Causc of -} + Repar * p

Pamage Damage Method Materials
Damage :

Figlire 3.6 Concept of Damage-Repair Method Chart
The dax:1age-rcpair method charts for major damages are given in Figure 3.7 from the following page.

In case of the repair for cracks of concrete, Lo assist the selecling process of method, an additional

chart is given in Figure 3.8. The chart suggusts repair method according to the type and width of

cracks.

Injoction with:

Width>1.0 mm: Cement Grout
Width<1.0 mm: Rigid Epoxy Resin
or Other Repair :

Yes
Crack with Structural
{mplication?

Live Crack
or
Pormant Crack?

Risk of Corrasion?

Injection with:
Flexible Epoxy Resin
Surface Treatment

or Other Repair

Yes

No Repair

Figure 3.8 Repair Method Chart for Cracks
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{3) Repair Desigas

Based on the data of general and damage inspection, kind and focation of délﬁages \'xl'cre sclected for
repaic designing.  For each damage and its Iocatibn sclccied, a repair method t_ogclhcr with materials
was decided fry the aid of the damage-repair method charts given in the prccedihg'C'Iause (2) of this
chapiter. ' | ' '

Table 3.17 summarizes the repairs designed for cach bridge being classified by the kinds of da:ﬁages.
After the table, the repair design drawings for the eleven bridges are attached. On the drawings, the

following design data are shown:

@ Damage Location
@ Kind of Damage
 Repair Mcthod

@ Materiat for Repair
®  Quantity

The details of repair methods are prcscntéd in Division It of Bridge Manuals (Volume 6/8), and the
basis of the quantities are given in Appendix -4 {Volume 4/8).
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REPATR METHODS AND QUANTITIES

Injection

¢ @ (D Demage Location
TBRIDGE NUMBER | 2 “TYEAR OF BUILT Legend 1 %xma 3 Damage
BRIDGE NAME | DAVID GARCIA | BRIDGE LENGTH | 93.05 m - @ Repcir Method
REGICN i 1BRIDGE-WIDTH | 8. 30m - @ Material for Repair
ROUTE NAME . | E-85 TRAFF1C VOLUNE O Quantity
Holving_Jain Frony Woll

_® @ €63 % € 6 550 (5%
_ | T CO 11350 1850 1160
| —~® ~ , gy fma o)
@ i) . . e
Qﬂ e _ﬁf. : 1~ 115 1)
WM LL@® ——
| - w © & I & Dt =
W_ Frort Wall D Colump = “w ﬁﬂI||I.|.lw nxﬂ.\\\%\
Crocking " @ Crocking i
Eooa S SECTION @-@ PIER OO
@ 12.60m Front, Woll
S ot
, : .ﬁ “, _f @ ‘ @Mwmﬁﬂuo:a Mwﬂmmmwm Grout
| ) \ # | |
 — . ——o C bwl
M A— U - o T . |
i / Lo | _ !
! | ! i g [ /4
u m\.f‘ 4@ w \ J N._ / b =
M i
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xmg:ﬂ zm THODS AND QUANTITIES

(M Domage Location

() Front Woll

| (D Walt Foatin

[ 17)
& Patching : Ingection
@ Concrete Rigid
D 36.0 e B 040 m

ggling

y Cement_Concrete

3 Coating
|%|C:Immma o]
147.0 r7

TERIDGE NAME | VENTANAS BRIDGZ LENGTH | 20.00m " @ Repoir Method
REGION v TBRID5E WiDTH | 11.20m ~ @Moteria! for Repair
ROUTE NAME F-30-E TRAFF 1C_VOLUME © Quantity
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- REPAIR METHODS AND QUANTITIES

BRIDGE NUMBER

Legend

. (@ Damage Locction
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~REPAIR METHODS AND QUANTITIES
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. REPATR METHODS AND QUANTITIES _ I )
. d D Location
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35 REHABILITATION COST ESTIMATE
35.1 Scope of the Cost Estimate

Reconstruction costs for the eight bridges and repair costs for the cleven bridges were estimated based
on the designs prepared in Chapter 3.4, The estimation was made enly for construction cost but did
not cover administration and land acquisition costs,  The costs estimated here were referred to a basis

for the estimation of rehabilitation costs in the rehabilitation plan of Chapter 2.5.
3.5.2 Reconstruction Costs
(1) Cost ltems

The cost items for reconstruction includes the followings:

- Construction cost for new bridge.

- Construction cost for approach roads, if the new bridge is designed parallel to the existing bridge.
Tt this case, demolition of the existing bridge is not considered.

- Pemolition cost .for_lhc existing bridge, if the new bridge is designed on the same location.

- Protection costs for tocal crosion or scouring around the bridge, but levee work or revetment

work of river is not considered.
(2) Cost Components

Each cost item is broken down ta the following five components:
- Matenal cost
- Laborcost

- Equipment cost

Transport cost (assumed for about a distance of 100 km)

]

Miscellancous (assumed 40 % of the total of other cost components, considered to include

overhead, taxes, profit, and other indirect costs.)
(3} Cost Data Source

Unit costs were prepared based on the following dala sources:

- Actual cost data of bridge rehabilitation projects of the MOP near Santiago in 1996 and 1997

List of unit costs for bridge works in MOP -
- “ONDAC”, the manual for the construction in Getober 1996

Interview to concrete products suppliers
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4) Reconstruction Costs

Reconsiruction cost for cach of the eight bridges was estimated in accordance with the above
nentioned procedures.  The results of the estimation are summarized in Table 3,18, The

breakdowns of the costs are presented in Appendix 1E-5 (Volume 4/8).

Table 3.18 Summary of Reconstruction Costs

‘No.. Bridge Name  Cost(pesos) |
2 David Garcia 329.000.000
3 | Granallas | 212000000
3 Sanlose o 431.000.000
6 F:uangue | 564.000.000
[ 7 | SanlosedeMarchive | 432000000
§ | AnmtiveoNo.2 | 339000000 |
13 | Poculon i  263.000000
16 | SanJuan | 269000000

3.53 Repair Costs
(1) Cost Items

Repair works are classified into the works for bridge surface, underside of bridge, and pier and

abuiment. Each work includes the following cost items:

- The work for bridge surface includes repair of hand rails, deck-slab surface, expansion joints, and
the traffic management cost during repair work.,

- The work for underside of bridge inctudes repairs of underside of deck-slabs, beams, bearing
shoes, and considers falsc work. '

- Picr work considers scaffolding on both sides.

- Abutment work considers scaffolding on the side facing river only.
(2} Cost Components

Repair costs are estimated by assuming the repair unil cost for each type of damage. The following

major damages are taken into the cost estimate:
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- Cracks - Rus(inglAgihgo'fCoat
- Scaling/Spalling
- Detamination
- Efflorescence
Honeycombs
Wean_‘

- Breakage

Unit repair cost of each damage is obtained as the average of costs of various repair methods.  The

unit repaic costs proposed are summarized in ‘Table 3.19 and their breakdowns are presented in
Appendix IE-6 {Volume 4/8).

Table 3.19  Unit Repair Costs by Damage

o _ s - . {pesos/m’)_
Damage Type For Underside For Surface For Pier and
of Bridge of Bridge Abutment
- For Concrete Structure L
Cracks | asa0 | 24000 24,000
| Scaling/Spalling | 34500 24000 | 20800
Delamination | 42,000 45,500 31,800
Biftosescence 16900 | 10400 9,100
(Honeycombs | 42,000 45,500 31,800
Ereakage | 60000 65500 |  s0000
Wear | 45700 35,700 30,800
3 ____— - u— For Steel Structure
RemgagngofCan | sa0 | saw | se0

(3} Repair Costs

Repair costs of the eleven bridges were estimated in accordance with the above mentioned procedures.
The results of the estimation are summarized in Table 3.20, and their breakdowns are given in
Appendix 11-6 (Volume 4/8). '
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Table 3.20 Summary of Repair Costs

No. Bridge Name Cost (_ﬁééos) ) -Ei&;)rxrnimch;icd
B o i Exccution Method |
| Confluencia | 26723000 |  Comract

2 | Dand Garcm_—_ o _7?,73:1—?,000 Direct Force
| 3 | Granaltas 48000 |  DircctFoce
4 Vc_r:}iai\as i o ﬁ.?l0,000 | Dirccavorce |
10 Cautin o 720,0279000 Contract
tt | Blldio 1,990,000 |  Direct Force
‘i-4 a Ma!lec_o ________ - 17,99[_),0007__” Direct Force N
17 | Medina 104000 | Dirccl Force
I8 Cautin (88) 135000 | Dircet Force
19 Salva Tu Alljla _ 9,006”7 - Dircel Force |
20 Quinchilca o 1 5_,§?._000_()_" | Dircct Force

In the above table, repair cost fluctuates widely by bridge. Only No. t Confluencia and No. 10
Cautin Bridges show round amount of costs over twenty million pesos, but others are small. In
particutar, No. 19 Salua Tu Alma Bridge amounted only the nine thousand pesos, that was why the
'bridgé was désigned with a very little répairs and its cost was estimated by unit cost method. For
such variation of the repair cots, it is recommended that the bridges with small costs be repaired by the

direct force of the MOP as a maintenance work.  On the other hand, the bridges with fair amount of

costs should be repaired by contracts.



3.6 ENVIRONMENTAL STUDY ON BRIDGE SITE
36.1 General

By the passage of ihc General Fundamental Law of Environment (LEY No.19.300) in March 1994, a
serics of the following environment-related laws have been enacted in Republic of Chile, such as
Modification of Atticle No.71 of LEY No.19.300 in l*ebmary 1995, Regulauon of Councit for
National and Regional Consullative Commlssmn for Environment (DSNO 86) in Oclobcr 1995,
Regulation {or the Dictation of Rules of Environmental Quality and Emission (D. S. No. 93 in October
1995, Regulalmn that fix the Procedurc and Stages for Plans Establishment of Prevention and
Decontamination (D $.N0.94) October 1995, and Modification of 1D, S No.86 (D S, No 181) i in October

1995.  Finally, chu!atlon System of Environmental Impact hvaluauon (D.S.No.30.) has been
enacted in April 1997,

The agencies of the MOP are required to assess the environmental impact of their projects. Since
bridge rehabilitation is a part of highway projects, which have major impact on land use and
community development, LEY requires that social, economic and environmental impacts resulting

from existing and proposed projects be formally documented and that dppropriate measures be taken

to reduce adverse environmental effects.

Meanwhile as a rule, the JICA projects intend to simultaneously attain twe goals namely cconomical
development and environmental conservation. For the achievement of the former, various aspects of
techaical consideration have been atready developed in the previous subsections of this report. For the

achievement of the latler target, there will be presented a basic consideration in this subscction.

The twenty bridges which are the representative objects for the study of rehabilitation design, have
always played more important role as a local road network cornecting local major cities, 1owns and

villages. This role will continue to grow in the fulure.

The main purpose of the Environmental Study is to tdentily the existing significant enviconmental
clements that would have a high possibility of being affected by implementation of projeds and to
formulate mitigation measures for adverse impacts.  Both of Initial Environmental Examination
(IEE) and Preliminary Environmental Iimpact Assessment (Pre-EIA) should cover pre-construction

stage, construction stage and maintenance and operation stage for subjects whatever these are directly
or indirectly affecicd.

3,6,2 Scope of Emvironmental Study
(I) Process of Environmental Study

The environmental study was carried oul by the Study Team in cooperation with the MOP.  The study
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of Initial Environmental Bxamination (IEE) and Preliminary Environmental lmpact Asscssment

(Preliminary-EIA) for the 20 bridges includes the following activities:

. ]n\-'esligajidn of the exisl.ing environmental condition,
+  Project déscriptien and site description,
. . IEE (Initial Environmentél Exlaminatio.n),
+  Pre-EIA (Prcliminary Environmental Impact Assessnient),
. Pre-RIA matrix, and

+  Preparation of environmental assessment manual,

The process of the environmental study is shown in Figure 3.9.

Information Gathering

v

Project Description

\

Site Description

Initial Environmental Examination i

(Signiﬁ_cénl impact) l

]

i Pretiminary Environmental Impact Assessment (Pre-EIA)
| S Py y—. Frry— ] L LTI T T rTpe

v

{ Pre-EIA Matrix | Y,

{Scrious impaci) l

'v
Process of Environmental Study

( To Envirenmental Impact Assessment (ETA) I

End

) (Insignificant)
S

Figure 3.9 Process of Environmental Study
(2) Study Area

The study area covers the exisﬁing bridges and adjacent area along their bridges. Table 3.21 shows
the object 20 bridges.



Table3.21  Bridges for Environmental Study

: | , " Bridge Bridge T

No, Bridge Name Region Pro_x;ncc Type Length | Rehabilitation Method

. {m) . .

t {Confluencia v Choapa ST 113.10 . Repair
"2 [Davio Garcm | v bosAndes | RC | 93.05 Rcco&ln]c]mh)’REpauﬁ 7

3 |Granallas v g?{'cgﬁlcl;ﬁ:c ' ST 4935 Rcco.nslr.uiclien(l{epair
4 {Ventanas v | Valparaiso "_RC. 30.00 ~ Repair
HEN T RM Chacabuco RC | 16.10]  Reconstruction
6 I;:anguc S RM Mclipilla | RC | 105.10{. - Reconstruction

? San Jose de Marchiue Vi1 Cachapoal ST 120,00 Reconstruction

8 | Antivero No.2 Vi Colchagua RC | 10290 Recenstruction
9 |Los Cardos vt | (ola—a—gua ST 73.55 Repair o
10|Cauin | IX |  Catin | RC | 14000 Repait
1nlEmde | ix Malleco st | 2110 Repair
12 lQuites | X Cautin | TM | 2598  Repair
13 [Poculon (X |  Cawin | T™ | 31.00]  Reconstruction

14 [Mallece IX Malleco | TM | 9200 Repair

15 [Miraflores x| Mateco | TM | 4440] . Repar
—I6 San Juan 1X Cautin ™ . 31.60 Reconstruction

17 |Medina X | Catin | ST 17000  Repair
18 |Cautin (88) 1X Cautin | ST | 3940]  Repar
19 [Satva To Alma X | Cautin st | 4070 Repair
20 [Quinchilea X Valdivia | RC | 14000 Repair

(3) Inspection ltems

Many common environmental problems were observed in rural bridges relating to geographicat
condition and due to construction activity. Therefore, inspection items were standardized for the

survey of the 20 bridges.  The items were chosen through scoping and screening survey on site.
The items to be inspected are as follows:

Social Environment

[nhabitants: Residents, indigenous people, their views on the project; and others
Landuse and Facilities:  Urban arca, farm land, and others, |

Historic & cultural site, scenic spot, hospitals, schools and other f’xc;lmcs
ficonomy: Commerce, agriculture, forestry, and others

Transport: Bus terminal, traffic, etc.
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Natural Environment
Topography :
Geblogy :
Hydrology:

Fauna & Flora:

Pollution
Complaints:

Measures taken:

Others

Feature of river bank arca, steep slopes, soft ground, wetland, ¢te,
Feature of river bank/bed, outcrop, stone, gravel, sand/fault, soil type, etc.
Feature of river flow, water level, flood tevel, elc.

Habitats, rare species fcommunily, cte.

Population of the upinost concein

Institutional measures and compensation

.3.6.3 Project and Site Inépection Forms

To conduct the IEE and Preliminary ElA, it is essential at the outset to fully understand the Project

Description (PD) and Site Description (SD). The PD includes the contents and features of the

projects, such as background, objeclives, study arca, competent ministry, number of beneficiaries, and

type of the project, elc.

The SD» includes the present conditions of natural and social environment,

Table 3.22 and Table 3.23 show the standard forms for project description and site description.

Table .22 Standard Ferm for Project Description

ftem

Description

Background

Objectives

Executing Agency

Ministry of Public Works (MOP)

Benefictarics

Project Components

Existing bridge strocture
Bridge leagth, widdh
Other specific features

Stab(Conc.), Beam(Steel), Abutment{Conc.), Pier{Conc.), Foundation(Conc.)
Length( - . m),  Width( m)
Carriage way width (. m), Side walk width ( m)

Project Type

{ )Rcplacement, (X ) Repair

Road Type

( Urban/{ X Ruratarea, ( )Plain area/( X YMountain area
{ X Paved /{ )Unpaved

Existing traffic velume

Year 7961 3(Fni.) (46)Carstour, { Yars/day

Road width/lanss

Bt Widih={ 5x2 m) Nos lanes=(2 )

Road structure

( )Embankment / ( JElevated / { X jOthers: Cutting of original

Supplementat facilitics

ground

Others

River name:




Table 323 Standard Form for Site Description

Ttem : : . : Description
Soctal environment . : . )
Inhabitants; 1 ' Upperstream: Left bank area: | Right bank area:
Residents, Indigenous people o o .
Their views on the project, Others Downstream: Left bank area: R'ighl'bank arca:
Landuse and facililics: Upperstream: Left bank area: | Right bank arca:
Urban area, Farm land, Others, Historic & cultural : . '
site, Scenic spot, Hospitals and other facilities Downstream: Left baﬁk area: § Right bank arca:
Economy: Upperstream: Left bank arca: | Right bank area;
Commerce, Agriculture, Forestry, Others Downsircam: Left bank arga: | Right bank arca:

Transport:  Bus terminal, ele.

Natueal environment

Topography, (Feature of river bank arca) Upperstream: Left bank arca; | Right bank area:
Steep slopes, Soft ground, Welland Downstream: Lefi bank arca: | Right bank area:
Geotogy, (Feature of river bank/bed): Quicrop, stong, Left bank arca: Right bank arca:

Gravel, sand/ Fault, Soil type, cle.

Hydrology, { Feature of river (low, Water level, flood
levet)

Fauna & Flora / habitats, Rare spcci_es fcommunity, ele.,

Pollution

Complaints: Population of the upmaost concern

Mcasurcs taken: Institutional neasuscs, Compensation
Others

3.6.4 Evaluation Forms

All the environmental elements, which would be affected by pIOJeus are listed and dlSCUSSCd in
relation to the project activities on a so-called format checklist for the evaluation of IEE and
Preliminary EIA.  Sce Table .3.24, the standard form proposed for environmental lmpaLt
consideration.  The head line of the table shows Environmental corﬁponem, Identification of
activitics, Description of activities, IEE evaluation, Preliminary EIA evaluation and Ren\xarks.‘while

the colunins show the environmental components concerned to be affected.

‘The cause-effect relation will be explained with a mark at each corresponding cell of the checkhs!
In the IHE evalvation column, *Yes™ means the related pro;ect may cause a sugmﬁcanl effect on
cavitonmental element or negative side, ‘No’ indicates no mﬂucncc or positive smle and 'lemporary

or ‘;Inghlly mecans cither temporary or slightly effect,

When the IEE evaluation becomes positive (No effect) and or temporary/slightly, it is not required to
proceed to the Preliminary EIA avaluation,  When the 1EE evaluation bccomcshégalive {Yes effect),

then it is required to proceed to Preliminary EIA evaluation.

In the column of Remarks, reasons of cause-effect relations are required to be filled in comesponding

to Yes or Temporary/Slightly effect.



For the Preliminary B1A stage, a standard form of environmental assessment matrix as shown in Table
3.25 was proposed. The form is divided into pre-construction, construction, and operation and
maintenance stages to fill in impact assessment mark for cach project activities.  Assessinent marks

are noted below the table.

“Table 324 Form for Environmental Impact Considcration

David Garcla

_Environmenta]l Identification of Description IEE Preliminary | Remarks (Reasor)
No] compozent nctivities of activities evatuation ELA evaluation
Soclo economic Environment - ;
1]Land and 1.and aquisition Trans[ef of nghi of Iaad owue:sh:p No
Property . compensation
Resettlement Transfer of rights of reszde nee I No
|| ] compensation
2}Economic Economic Loss of basis of economic acuv:t:cs, No
: activities such as land, and change of coonomic
structure ‘
Employment Increase or deceease of employment | Increase Const, Pestod
opportunity : :
3iTrafficand  |Traffic Impact on present braffic conditions, |Temporal]l Temporal  [Use of detour toute
Public facilities - -~ incresse of traffic congestion . Safety contro)
Public facihities Impacis on schools, hospilals caused No
S by increase of traffic volume
4!Communities |Disintegration of Commumly split due 1o mlerrupt:on No
i communities |of arez raffic :
S|Amenity Amenities [ncrease of loss of existing amenities | Increase|  Eshance  [Aesthetic condition
61Historical and Histor‘lcal assets [Damage or lass of the value of No
Cultural historic or archatological remains
: Quitural propemes Damage or loss of the value of No
cuitural assels” :
7} Vested rights Water ngbts and Obstruction of fishing nghm water No
rights of common sights; er other rights of commen
8] Waste Waste Generation of construction and Yes Femporal |Obligation to the
: demolition debris construction side
91Hazards R]sk and damage Risk of accidents, traffic damape Shightly |  Temporal |Safcty control
Natural Environment ' .
10|Land Topographic featute  [Changes of valuable topographic No
friver bank and bed | }and form condition
Geological condition [Changes of geological condition No
Land use Change of criginal land use No Neptipible
Soil erosion Topsoil erosion by rainfall after . Slightly | Temporal |Negligible
. _L : earth work and vegetation removal
L jSorfzce water |Hydrological feature [Chanpes of flow varialion No
© | Weter use Change of existing water use No
Vater quality Change of waler quality shightly { Temporal [Nepligible
Floating debris Floating obstacles No
- {Flood affection Flood affected area - No
12| Species and  [Terrestrial vegetation |Obstruction of valuable species and No
their . [fora their community, habitat
population,  |Temestrial wildlife  [Obstruction of breeding 2nd extinctionl  No
habitat Aauna of species, communities, habilat
: Aquatic flora Obstruction of valuable species No
Aquatic fish fauna . [Obstruction of breeding and extinction] Stightly | Temporal [Negligible
. of specics, communities , habitat
13]Aesthetics Landscape Changes of topography and vegetation] No
due 1o reclamation. Deterioration of
acsthatic harmony by structure
[Patiution
I5fAtmosphere  [Aic polletion Pollotion caused b y ¢xhaust gas or Stightly t Temporal [Conirol of soil dust
- 1oxic gas from vebicles
L6 Water Water pollution Pollution by inflow of silt, sand and | Slightly | Temposal [Nealigible
¢ftluent into rivers
17| Noise and Noise and vibration fGereration by construction machinery| Stightly | Temporal  [Control cperaticn
vibration : and traffic vehicles haur.
Overall evaluation . . . Need of
Is Preliminary ELA necessary for the project implementation?] PreElA




Impact Assessmcnl‘M ark:
{ L
A
X :
E :

Table3.25 Form of Environmental Assessment Matrix
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3.6.5 Results of the Study

The results of the environmental inspection are presented in Appendix 14-7 (Volume 4/8) for cach of
the 20 bridges.

Most of the bridge sites were apart from inhabitant or seitlement, and the project activities were not so
large.  There were _gencrally slight or lemporary actions. Existence of historical or cultusal assets
were uiilikely around the bridges.  From the view of natural ccosysicm, there was no crilical place
but reveric arca, that meant less possibility of the existence of valuable nateral flora and fauna

resources.
{1} Bridges for Repair

For the bridge sites of repairs among the 20, all activities of envirommental components from
socioeconomic through pollulion were evaluated ‘No cffect” or positive side, for the project activities
were limited to partial work for bridge repairs. At some bridges, (here were slightly or temporary

effects noted, but they were judged negligible.
(2) Bridges for Reconstruction

For the bridge sites of reconstruction among the 20, some activities of environmental components of
socioeconomic, natural environment and potlution were evaluated ‘Yes’ or ncgative side, for the
projects involved construction of bridges. In this case, one of significant activities might be land
acquisition and its related resettlement in the sociocconomic eavironiment, if there were private lands
and inhabited within the site of bridge construction.  Also, the problem of traffic congestion was
considered during construction.

As regards soil erosion, water quality and aquatic fish fauna, there imight be considered of temporary
affects,  Also, air-pollution due to dust might be caused by the carthwork in dry summer season.

Noise caused by operation of construction cquipment might affect cattle ranch if there was any nearby.



37  RECOMMENDATION FOR BRIDGE REHABILITATION IN CHILE
M7.1  Timber Bridges
(1} Cause of Co!lapse

Timber has been comﬁmnly used ‘for sﬁorl s.ban bridgés as tc.m‘porary oﬁ gravel surfaced tocal roads,
which are mamly in Reglons VY, IX, and X of forested area.  Urgent problem of timber bridgc' lb be
solved i is that about 40 to 50 timber bridges have anmlally collapscd in last 10 years, according to the
MOP. (,auscs of collapse are as follows:

+ Heavy loaded vehicles

Heavy \Lh!ClC’S such as dump trucks, semi-trailers loaded with lumber products and road conslrucuon

cqmpmem arc passing on the timber bridges which loads are more than twice of the load llmll wrillen

on sign boards.

« Peterioration

Lot of timber bridges have already severely deteriorated due 1o weathering and decay by bacteria,
fungi, moss, and insccts.  Heavy vehicles also cause abnormal deflection and lateral movement which

promote more deterioration to mechanically connected portions of the structure.

» Erosion of river bank

Some bridge beams seated directly on @ bank without abutment and without proper bank proteciion

{bank seat type) will cause land erosion, scitlement and damage to the structure.

+ Scouring of foundation

Shaltow embedding depth of concrete or rail pile foundation have seriously scoured causing pier

column to sink.
(2) Blaintenance and Repair
The followings are necessary measures for maintenance and repair.

« Periodical creosote treatinent on surface, in cracks and miechanically connected pciriidns every 2 —
4 years after construction.

« Fastening loosed connections of main menibers and hand railing.

+ Strengthening splits of timber columns by steel plate connection.

« Cleaning soil and debris around location of end beams which can easily decayed due o moist of

environment,



. Réplaccménl of damaged or weathered longitudinal planks and deck planks.
~+ River bank protection and siver bed protection for the bank seat type and wire mesh gabion or

dumped stone for locally scoured picr foitndﬁlion.
(3} Design and Construction
1) Design

Beams showld be designed 1o satisfy both working stress within allowable stress and beam defiection
limitation within 1/300 ratio of span length for enough bending stiffness.  Allowable bending stress

of wood is as follows:

Kind of tree Young’s moedules | Allowable bending Remarks
(kg/eny) stress — parallel to
grain {kg/cin’)
COIGUE (Chilean teee) 105,500 96 Santiago university
Needle-leaved tree 100,600 20 Japanese specification for
Broad-leaved tree 100,000 120 timber bridge (1940)

The hcight of timber beam should be more than 1718 — 1720 of span length in order to limit deflection
less than 1300 of span lengih,
Type of bridge and applicable span length for design load of 9 ton’s vehicle are shown below:

Type of Bridges Span Length (m) Nuimber of Height of
5 10 15 20| Beam (Nos) Beam {cm)
Simple Beam 4 w—— 7 5-6 30-40
Double Truss and 5-6 30-40
Rigid Frame 6 i
Fink Type (Reversed 5-6 30-40
quecn-post girder) QO prnvsassnncunnanns 18

Simple beam of 7 m in span length is maximumn practical for sawn-timber bridge.  Fink type bridge
(reversed quecﬁ-posl girder) has considerably deformed due to elongation of steel barss, loosencd nuts
and sink of anchor blate inte timber, therefore, this type is not recommendable.

Il design load over 10 tons is required for timber bridges, the built-up beams (2-beams in layer) is (o

be applied and designed.
2) Construction
a.  Sclection of timber

The scasoned {naturally dried). timber, not the green one should be used becavse of less
sfrcnglh depending on moisture content and possibility of cracks (checks, shakes and splits).

The timber which have defects of knots, cracks or decayed spots should not be used.
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b.  Presecvative lreatment

Non-pressure treatment with creosote is txsually used in Chile. This treatment proicc( growth
of fungus, attack of insects, and also water prbofing the timber.  Creosote treatment shoutd
be carried out two-times on surface, in cracks and mechanically connected portions at

construclion stage.
c. Boll connection

A bolt not smaller than 16 mm in diameter should be used for connection of main members.
Size of washer should be 3.5 times of bolt diameter and thickness to be at least 1/3 of bolt

diameter.
3.7.2  Concrete Bridges

Concrele is a major material commonly used in Chile for bridge construction both of super- and sub-
structures. During the bridge inspection work, various damages of concrete were observed namely
crack, scating/spalling, delamination, efflorescence, honeycomb, breakage, teakage, eic., which were
detailed in Chapter 3.2.2.

The causcs of those damiages are classified as follows:

« Inadequate Design:  may cause shortage of strength and stiffness of bridge structures.

»  Poor Consiraction Worknmanship:  decreases durability of bridge; such as insuffictent
compaclion of concrele, cold construction joint, shallow concrete cover, ete. deteriorale strength
and water-tightness of concrele. | ‘

«  Poor Quality of Materials:  also decreases durability of bridge; such as saltish water and alkaline
aggrepates for concrete mixture, accelerale corrosion of reinforcement to induce large cracks.

«  Faovironmental Affection: accelerates carbonation of concrete: such as chemical alléck by
carbon dioxide and other acidic gases in the air and rains, deteriorate concrete seriously.

+ Unexpected External Forces:  may damage bridge structure decisively; such as over-loaded
traffic, big carthquake, and large flood, which bring about excessive stress in structure beyond the

design stress level assumed, may sometimes wreck bridges.

Among various causes of damages of concrete bridges as above mentioned, the majors observed were

cracking, scaling, spalling, and delamination.



323 Steel Bridges

(1) General Problems of Steel Bridges

Steel material is utilized not only for main girders, but for bearing shoe, expansion joint, hand rail and

so on. Described below are some matters on damages of steel material used as pants of bridges and

other matters affecting the damages of steel.

)

Main Structure

&,

Welded plate girders, rolled H-shapes or assembled rails are employed as a main girder.

Occasionally main girders are modified, transported and reused for the other bridge.

Many of steel bridges in Chile have rust on them even under a good atmosphere, supposcdly
because of leaving it without maintenance for a long period and the lack of maintenance

looks to be the biggest cause of the corrosion.

As the outer surfaces of web plate of main girders is well ventilated, they rust less than the

inner sucfaces.

Steel girders with timber deck vsuatly rust severely, for the timber deck has gaps between

planks and from the gap drop water and mud.

Rain water creeping down along the web plate goes to bottom surface of lower flange, and
remains there. The water drops hanging down from the flange bottom bring about bad

COTTOSion.

Field joints are made not by high tensile grip bolts but by welding. The butt welding are not
finished by grinding. The former is nowadays a much casier method of conneclion than the

latter.

Most of cross frames are of X-shape composed of folled angle shapes joined back to back

each other, or sometimes steet round bars, which are not strong enough, are used.

Each member for laterat bracing is assembled in the same manner as those of the cross frame

mentioned above.

Because of difficulty of procuring the steel materials and in order to save the materials for

the web plates, steel plates are connected by welding side by side and up-and-down 1o

 conslitute a sheet of plate.



2)

3)

Sometimes vertical stiffeners are found attached to the outer side of web plates, and this will
cause dust, leaves and then moisture to be accumalated on top of the lower fMange. The

moisture is, no need to say, the direct cause of rust on steel materials.

Bearing Shoe

a.

Although the height of bearing is too low to observe the condition of the beari_ngs; the (ypé
is supposed to be the onc composed of two steel plates, so-called linear bearing type. They

are stuffed comptetely with mud, and supposedly are not functioning as a bearing shoe.

As expansion joint is usually not instatled , or even in case of having it drainage from deck
through a gap of expansion joint is not taken into account, water and mud drop down and

accumulated near bearing shoes. This is the mam cause to deteriorale bearing shoes.

Occasionally main girders arc mounted on the top of substructures direcily without bearing
shoe, and therefore this will do harm to these girders.

A bearing shoe is usually equipped with a pair of anchor bolts, but they do not look strong
enough to resist horizontal earthquake force. Anti-seismic bars inserted into a cross beam are

expected to resist the force.

An elastomeric bearing is used, and a bearing which employs lead instead of neoprene also

exist,

Most bearing shoes seat 10o close to the edge of bridge seat, which means a danger of
shearing fracture of concrete by a heavy reaction force or fall-down of main girders from

bridge seat under carthquake force.

Deck Stab

Timber or reinforced concrete are used as the materials for deck slab. Timber planks are
arranged perpendicular to the main girders with proper gaps so that rain water can easily
drained away from the deck surface in case of timber bridge. On the other hand for a stee!
bridge, timber planks are laid on the steel girders so thal lﬁe longer side of the cross-section
of the timber planks stand vertically to make them more rigid by the mél_hod so-calted

“paquete’” in Spanish, and in this case the gaps between the floor materials are less narrow or
they comtact each other.

When a deck is made of concrete, then it is vsually paved by concrete as well.
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4) Lxpansion Joint

a.

In case of a timber deck, generally there’s no expansion joint but a gap of scveral
centimeters wide is given between parapet and timber deck. Water and mud fall down from
the gap, and they are deposited around the bearing so deeply as to conceal the bearing
totally.

In case of a concrete deck, generally expansion joints are installed at both ends of the deck,
but their purpose is just to cover and protect the edge of the concrete deck, and nol to
support a wheel Joad when it is exactly on the gap. The disadvantage of the expansion joints
in the latter type is that when the gap is narow, then mud and stone stay between the gap,
and when it is wide, then wheel load gives an impact (o the edge of the concrete and docs

harm.

The expansion joints usually are not equipped with gutter which may process water from the

deck surface.

Many expansion joints were found not functioning normally because they catch heavy mud
and many stones in the gap.

And also many stecl expansion joints are found that the face plates have been worn out or

corroded, and in some case part of the face plate are lost.

Hand Rail

When a deck is made of timber, lhcn.lhe hand rails of the bridge are of timber as well. When

a deck is of concrete, then the hand rails arc of steel or concrete.

Stecl hand rails are utilized more than the concrete one these days in order to reduce the

dead weight,

The materials for the steel hand rails is usually steel flat bars of only 3 to 4 millimeter thick.
This type of hand rails is not strong enough to resist a collision load of vehicles, but aims to

prevent pedesirians from falling down.

Wrong struclure of steel hand rail were found sometimes during the detail inspection, that is,

a post of hand rail was fixed at an abutment but the next post was fixed at the end of bridge

" deck, this will result in unnecessary tensioning through the top rail because the rail connects

these neighboring posts,

It was often found that hand rails were not properly maintained even if they were seriously

corroded, or heavily deformed due to coltision,
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7N

Drainage System

For a timber deck, there's no nced a drainage system at all for the reason described in (3)
Deck Slab., '

Por a concrete deck, short pipes of usually 50 em Iohg with diameter of approximately S te 7
cim are set up at both sides of road way penetrating the concrete slab. These pipes work as

catch basin and lead water from bridge surface down.

Others

a,

Corroston represents most of the damages on steel structure. When rust appears only on the
surface of the steel, repainting will be sufficient to protect it against the further corrosion.
On the other hand, the corrosion is so deep that the cross-section of the steel member

decreases, then the other remedy by which it is compensated like patching of a steel plate,

Rand rails are exposed disectly to the atmosphere, thus they tends to be corroded severely
and quickly. They have (o be maintained well, but in case that their dmhagc is s0 scrious
they have to be ceplaced.

Expansion joints are cxposed not only to the atmosphere but to the rubbing by tires of
vehicles. The condition of the expansion joints affect the damage of deck, and so they have
to be replaced.

(2) Sample Strengihening Design

As defined before in this report, reconstruction means to replace a whole bridge by a new structure to

restore a bridge to the service level.  There is a third way of rehabilitation of a bridge, that is

strengthening, where the existing load carrying capacity and/or geometry of the bridge are improved.
Although strengthening is out of scope of the study, some ideas of how to strengthen a bridge is being
described hereafter taking Granallas Bridge as a sample, which consists of two span simply supported

steel girders with timber deck.  There was no signpost showing the load capacity, and neither the

structural analysis nor the drawings of the bridge of those days were found.

The calculation refers briefly to:

the penctration dye test and measurement of thickness of the existing steel plates of the

structural elements conducted at the site of Granallas Bridge,

analytical estimation of the present load carrying capacity of the bridge based on the data

resulted from the measurement as mentioned above, and



- steengthening and improvement by replacing the timber deck by concrete slab deck to compose

the steel girders with the concrete deck as a composite girder.

The result of the calcwlation shows that:

- the bridge has at pi‘csent the foad carrying capacity of equivalent HS10-44 through a simple
cstimation, and

- in order to replace the timber deck by concrete as shown in Figure 3.10, lower (lange plates
have to be teinforced by thick steel caver plates, because the neutral axis goes up higher and

then steonger tension stress works in the tower flange after the twa materials are camposed.

The calculation process is given in Appendix 11-8 (Volume 4/8).
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CHAPTER 4
STANDARD BRIDGE CADD SYSTEM






CHAPTER 4 STANDARD BRIDGE CADD PROGRAM
41  CURRENT COMPUTER USE IN CHILE

In Augusl. 1995, ‘Windows 95 was launched in USA and as early as a month later its Spanish version
was put on market in Chile.  Since then, the combination of the 1BM-compatible computers (1DOS/V)

and the operation sysicm(OS) of Windows 95 has become the standard use of personal computer(PCls
in the world and so in Chile.

Tn Chile, the DOS/V PCs are dominant: the makers available are IBM, COMPAC, Acer, FPSON, HP,
etc. and the most are pre-installed with Windows 95 Spanisﬁ version.  The Macintosli OS machines
arc also found in Santtago but very few.  The world common application programs such as MS-office
and Lotus Super-offices are widely used in Chile, too.

As segards the programming language, on the base of Windows 95, ‘Visual Basic 4.0 has begun to be
used and take the place of 'Basic’ in Chile. For the drawing program, *Auto-CAD R12 (MS-DOS)
for Spanish” and ‘R13 {Windows) for English’ arc poputarly used.



42  CURRENT BRIDGE DESIGN AND CONSTRUCTION PRACTICES IN CHILE
4.2.1 Design Practice
{1} Design Criteria

1) Design Slandﬁrds Fundamentally the MOP des;gns brrdgcs in accordance wuh lhc
AASHTO(American Association of State Highway and Trans;mrlalmn 0fl|¢|ats) slandardc;

2) Dcsign'Vchic!e l.oad: The MOPapp]ics:

. 120 % of the AASHTO’s HS20- 44 10ad for major highways and trunk roads and
. 100 % of the AASHTO’s HS20-44 toad for rural roads.

3) Farthquake: The MOP applies the carthquake coefficient of 0.15 all over the couﬁtry.

4) According to an experienced bridge consultant who the Study Team interviewed in

Santiago:

«  The other climate-related loads (such as wind load, snow load and temperature change),
and river flow pressure are not usually taken account of for design of small-scale rural
bridges. ‘These loads are considered individually only for design of farge bridges.

«  ‘Fhere is no particuiar standards for bridge design method in MOP, but service load
design methed is popular among the bridge engineers of Chile and strength design
nicthod is racely used.

S) For the freeboard of bridge beams above the high-water-level, 1.0 m has been

conventionatly taken as a minimum value.

6) TPoolings are usually designed to be embedded not less than 1.0 m deep inte the hard

riverbed which will not be scoured.
{2) Bridge Types

1) Yor 10 to 25 m span range; many RC{Reinforced Concrete) cast-insitu beams, applying
cantilever method for longer spans, had been constructed before, but nowadays they have
been taken the place by pre-cast PC (Prestressed Concrete) beams.

2} Regarding PC beams:

+  PC beams are generally economical compared to steel beams for short to medivm span
bridges in Chile.



For 15 to 25 m span range; pre-tensioned PC beams are most often used for advantage
in cost and construction. ' '
For 25 to 35 m span range; post-tensioned PC beams are usually used depending on site

condition and for the transportation difficully of pre-tensioned beams.

Regarding steel beams:

For over 35 up to 50 m span range; welded steel plate girders become competitive to
PC beams under certain site condition such as difficult access of heavy equipment.
Even {or the span range less 35 m; steel girders are sometimes used for special reasens

such as skewed or curved designs.

4.2.2  Construction Practice

. (1} Counstruction Methods

()

I} Factory-made bridge members

Precast concrete members are widely used in Chile for from drain ditches to building
members.  Pre-tensioned PC members are produced in several factories around
Saﬁliago mostly of electric poles and building members but a little of bridge beaws.

Only two or three steel fabricators in Santiago manufactures steel bridge beams on
order basis. Because the stecl bridge market is so small in Chile, its design and
fabrication remain just as they have been: (1) rivets are still used in regions, (2) ficld
welded splices are designed although high strength bolts are available in Chile, (3) they
prefer manufacturing steel shapes by welding sieel plates rather than using rolled steel

shapes.

Beam ereclion work

For short to medium span bridges if site is accessible, traveling crane is most often used
together with temporary stages. The 50 to 80 ton class crane is most available in
Chile, but the class over 150 ton is difficull to procure cven in Santiago.

Where access is difficull but having enough space behind abutment, lsunching girder is

used. Post-tensioned PC beams around up te 35 m are usually erecled by this method.

Construction Materials

Cement is produced domestically here and the quantity is enough for domestic use.
Chile is a treasure house having encugh aggregate both in quality and quantity.

Reinforcing bars are produced domesticatly except some import products.

Al prestressing steel is imported and structural steel is partially imported.
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43  STANDARD BRIDGE TYPES AND DESIGN CONDITIONS

43,1 Road Hicrarchy, Standard Width and Geometry

{13} Road Hierarchy ¢ Rural road. _ ‘ .
(2) Geometry 1 Horizontally straight and Verically level.

{3) NumbcrofLancs @ Oneor two lanes with sidf.:v:«alks both sides,
(4) Standard Width '

QOne-lane Road Two-lane Road
e o sem
oo ____________:;_éqg__ ooy _jr oo 3 500 3 500 j 00
ot T B
~ 3 ~ 7 :
é e
Embankiment Embankment

R
-

b

6 doo 9 400
_ e e )
i [
i 2 H 1 200
)t: 00y ,i.qoow,ﬁﬁ 1000 e 3500 i ispe
1.0 ‘}I- || l [
1

1 PR Ga P % 2 '
T T I [ 1
Bridge Bridge
Figure 4.1 Standard Bridge Width
4.3.2 Design Conditions
(1) Design Standards :  AASHTO 1992
(2) Dcesign Method : Service load (allowable working stress) design
(3) Design Loads .
«  Design VehicleLoad  : 100% of 11S20-44 _
. Barthquake : Acceleration coeflicient, A = 0.15
«  Other Loads :  based on AASHTO.
(4) Material Properties: o
«  Concrete Strength :  Reinforced concrete : H-30 . =250 kg/ew’
Prestressed concrete  : H-40 f' = 350 kg/em’
- Renforcoment : A63-42H fy = 4200 kg/cm? o

Ad44-28H fy = 2800 kg/em’
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ASTM A416 Swress-relieved Seven-wire Steand.
based on ASTM or AASHTO.
based on ASTM or AASKRTO.

»  Prestressing Steel
»  Structural Stecl
Elastomeric Bearing

4.3.3 Standard B_ridge Types

Steel Rolled H-Beam

J"L-—-—-\ Span=15~25m
5 Danas T - -
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Pre-tensioned PC I-Beam

Steel Plate Girder

Post-tensioned PC  I-Beam
Span=20~35m

Figure 4.2 Standard Bridge Type (Superstructure)
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Figured.3 Standard Bridge Type (Substructure)
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44.1 Outline

of CADD System

PROPOSED CADD SYSTEM

The outline of the whole CADD program is illustrated in Figure 4.4. The_oinline of each CADD

program for superstructure (stee! beam and PC beam) and substructure (abutment and pier) are shown
in Figure 4.5 through Figure 4.8.
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Figure 4.5 Outline of CADD Program (Steel Beam)
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Figure 4.8 CQutline of CADD Program (Pier)
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442 Progfam Devclopmcﬁl
(1) Scope of CADD Program

The scope and parameters of the CADD program are as follows:

Bridge types:

Number of lanes:
Bridge width:
Cross-fall:

Concrete strength:

Reinforcement:

Concrete cover:

Prestressing steel:
Structural steel:
Geomelry:

Span length:

Number of beams:

End cross-beam:

Intermediate cross-beam:

Sway bracing:

Bearings:

. Footpath:

Superstructure:  Steel beam and PC beamn.

Substructure :  Abutment and Pier {only direct l‘mmdalioh).
One and two lancs. .

4.0 m for one tane and 7.0 m for two lanes, that can be changed.
Fixed to 1.0%.

t.5% or 2.0%.

Can be sclected H-30 or H-40, but it can be changed.

Can be selected A63-42H or A44-28H, but it can be changed.

Standard covers are shown but can be changed.

Roadway:

Superstructure:  deck slab: 3 cm, precast beam: 2.5 cm,
insitu member: 3 cm

Substructure: members in atmosphere: 4 cm,

members under earth or water: 7 em

Only ASTM A416 stress-relieved seven wire strand .

AS52-34ES, A42-27ES, or A37-24ES.

Cross-section of bridge structure shall be symmetrical.

10 to 40 m.

2to 6 beams. Size and spacing of beams shall be uniform.

Reinforced concrete.

An intermediate cross beam for PC beam.

Spacing shall be less than 6 m for steel bean.

Elastomeric (rubber) bearings.

Height of substructure:  5to 15 meters.
(Z2) Input and Output Language

The tanguage for the CADD program shall be Spanish. The following special Spanish characters can
be input through the Japanese keyboard by changing the keyboard property of Windows 95:
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Characlers Key Opcralion

[4,6,4,1,6] [:]1+la,¢,u,i0]
(ARU,1,0] [:1+[AE,U,1,0]
{n, N} {;1, [Shifd+(;]

[i.2]) {~). [Shift}+{~]

(3) Utilization of Windows 95’s Functions
1)  Output by OLE-Function

The OLE {object tinking and embedding)-function equipped in “Visnal Basic’ was utilized. By this

function, the design results(outpuls) of the program operation can be displayed and printed out on the
form of Word and Excel.

2) Paraliel Operation by MDI-Function

The MDI{multi-document interface)-function of Windows 23 allows the paralle] operation of several
documents on the different windows of display and they are controlled under each home window.
With this function, the CADD program is divided into four sub-programs (Steel Beam, PC Beam,

Abuiment, and Pier) and each is installed in separate home window.
3) File Management by Filename Extension

Al input and oulput files are distinguished by the following extension codes:

Input Data Files: Steet Beam * ACR
PC Beam *PST
Abutment * BEST
Pier * CEP

Output Data Files: Pesign * DOC( MS-Word )
Drawing * DXF( Auto-CAD )
Quantity * XLS{ MS-Excct )

4.4.3 Input and Ouiput Formats
{I) Design Calculation Formats

‘The design calculation formats listed below are shown in Progeam Operation Manual.

o Select Meau of Structure
«  Superstructure (Steel beam)
. Superstructure (PC beam)
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+  Substmcture (Abulrﬁcm)

+  Substructure {Picr)
(2) Drawing Formats
The drawing formats listed below are shown in Standard Bridge Drawings.

1) Superstructure(Steel beam)
. Reinforcement arrangement of dack slab and end cross beam
+  Details of main beam

«  Details of sway bracing and iateral bracing

2} Superstruclure(PC beam)
+  Reinforcement arrangement of deck stab and end cross beam

«  Reinforcement arrangement of main beam

3}  Substructurc{Abutment)
»  Reinforcement arrangement of stem wall and footing

«  Reinforcement arrangement of wing watl

4} Substructure(Pier)

«  Reinforcement arrangement of wall and footing
{3) Summary Tables of Quantitics
The summary tables of quantity listed below are shown in Standard Bridge Drawings too.

o  Steel beam

+  PC beam

+ Abutment

« Pier

. Reinforcement table

. Structural steel table
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4.4.4 Drawing Specilications
(1) Color and Thickness of Lines and Letters
Shown in the table below are kinds of color and thickness for the lines and letters used in drawings.

Table 4.1 Color ahd Thickness of Lines and Letters

Cotor of Line Thickness of Line (mm)
Red 0.18
Yellow 0.80
‘Green .35
Btue 0.50
White 0.20

Thickness of a letter line shall be less than one tenth of height of a letter.

TR<A<A

l
5’—19’10

Types of lines used in drawings are shown in the table below.

Table 4.2 Types of Lines

Type of Line Sample
Solid line

Dotted line

Dash and dotted ling = | «imimicimimimimien-

(2) Size of Drawing

Drawing size and a drawing title are shown in Figure 4.9.
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4.5  SELECTION OF COMPUTER HARD- AND SOFT-WARE

Hardware

FaxModem
28.8/14.4 Kbps 3

: AV T
Laser Printer CPU Pentium 150~200MHz
(A3 size) i Memory 32+32=04MB
- Hard Disk 2.0GB
CD-ROM DRIVE 8X
Plotter Monitor 17”(1280%1024)
(Al size)
Keybood‘Mouse
Sof tware

MS-Windows35

MS-Visual Basic4.0 Enterprise Edition for Windows95(CD-ROM)

MS-Office PRO for Windows95(Word, Excel, Access,etc) (CD-ROM)
AutoCAD R13 for Windows95 (CD-ROM)

Figure 4.10  Computer Hard- and Soft-warc for CADD Program



4.6  DEVELOPED CADD PROGRAMS

The details of the developed CADD programs are explained in “CADID Program Operation Manual™,

A part of input eperation is shown in Figure 4.11.

‘ 2. Isgul operation .

2-1 Common apetatica

Progran-{) is expfained ov an example ahcaf the commen operation process by the inpul pperation of CADD from
Program-A to Progrem-I.

Nistenta CADD de Puente standar
gt ot b D, MOP
Verlen bl E00T

= Aosystem shiris whea af dunkle eligis on (he
atarl fiis e e

SWhCR H e wtari g 10 G R e
Porassgieiagg ofs 323 & indh bk |-
Ihdeafyd 3wt Thyt

Sk Reead 3 slfun e PRIRE 1 gl Py Lhosen
whon ibabdvsmosch bation of 1Ry s

LY \

S Fu pee e Eroandar

e

! xSm'ema CADD de Pnente I'standar Departamento de Puentes

i Version 10 - 1997 Basade en AASHTO

g o .S T T T Y Y T

i i VI‘A &e ]hnll@ s r
Ccmpnnu&a L J

T P Selec(mn de Estructura
S Sl P
: ,_m_._m_,'_fL_A_J »Satide

— ——
Program -8

Frogrom-A

The design system of
fViga de Acerofis
staried.

The deages ))\hnurl |\x-.1 Je
Worormigin Comprimid - § 1

FPro gram C

Program-1} Conpletion

The design system of
{Cepal is staried

The des:gn syslem oi
[Estribo] is siarted.

A maia menn s Dniched

b

Figure 4.15  Input Operation of CADD Program



4.7  PREPARATION OF STANDARD BRIDGE DRAWINGS

4.1.1 Design .Condiliqns

(1) Design Mcthod: Allowable Stress

(2) lLoads
1) Dead Loads Plane Concrete : W.=230um’
Reinforced Concrete : ¥ = 2.50 t/m’
Steel ;=785 tm’
Pavement D y=230tm’
Soil ¢ Y= 180 Um®
2) Horizontal Force of Railing 1 W, = 0.050 t/m, Wy = 0.020 #/m, h = 1.100 m
3) Sidewalk Live Load
Lc<7.6m — W, = 0415y’ Where -—» Lc = Span Length
76m<lc<30.5m  — W,.=0293 vm’ 305m<le
76— -0.25
wp=(147+ 4464])< 16.76 - (Sw - 0.2 ))x !
| e 15.24 1000
% Tncaseof W >0.293 > W, =0293¢m’  Where —»Sw = Sidewalk width
4) LiveLoad : HS20-44(1060%)
S) Wind T Wy =0244 und?
6) Farthquake : A =0.15, Category B by Single Mode Spectral Method

(3) Materials

Slab Concrete  : H-30, [’ =250 kgfem’, B, = 2.50x10° kg/em’

Beam Concrete = H-40, £ = 350 kgfem?, E, = 3.01x10° kg/em’

Reinforcing Bar : A63-42H, I, = 4200 kg/en’, f,, = 1690 kg/em?’, B, = 2.10x10° kg/em®
Concrete Cover : 3.0 cm (Lateral Beam 2.5¢m)

Anchor Bar  : A44-28H, f, = 2800 kg/en, f, = 1400 kgfen?®
Steel : AS2-34ES, f, = 3400 kg/en, £, = 1870 kg/ewy’
Bolt . ASTM A490, f,, = 1400 ke/em?, ¢ =22mm

PC Cable : 1-127 (Prc-tcnsioned) L 1-127 (Post.-tens'ioned)

f,,= 18980 kg/ont, T,, = 16100 kgfem, E, = 1.97x 30" kgfen?
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- 472 Design Parameters for Standard Bridges

The followin g desi gﬁ parameters are attached:

Table 4.3
' Table 4;4
Table 4.5
‘Table 4.6

After the tables, some samples of standard bridge drawings are presented.

For steét bean: — one lane

For steel beam - two lanes

For PC beamn — one lane

For PC beam - two lanes

standard drawings are in Volume 8/8.

The full set of the
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CHAPTER 5 |
CONLUSION AND RECOMMENDATION



CHAPTER § CONCLUSION AND RECOMMENDATION

The objective of the Study is to assist Chile technologically in rehabilitating raral bridges distributed
throughout the country.

Conclusions and recommendations for the three main subjects of the Study are deseribed below.

+ Establishment of bridge rehabititation plan method
s Preparation of sample bridge rehabilitation designs

* Developiment of standard bridge CADRIDD programs and design drawings
5.1  BRIDGE REHABILITATION PLAN

The bridge rehabilitation plan is composed of three systems, namcly the bridge inventory system,
rehabilitation cost estimation system, and rehabilitation priosity system. The rehabilitation project

investment plan was prepared through the information collected from the threc systeims.
{1) Bridge inventory system
Conclusion

A computerized bridge inventory system was proposcd as il 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 lor
rehabilitation. .B"esides the bridge inventory data, such data as population, income and traffic volume
were collected as indices by which necessily 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 organizations is
constructed and the central 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

Conctusion

Rehabilitation method (to be repaired or reconstructed) was judged from the data combined of
stuctural bridge type, scale (width and load carrying capacity), and rank of damage which came from

the inventory data. The cost of bridge rehabililation was calcutated according to the selected
rehabilitation method. '

Recommendation

The elements which are considercd in the Study for the cost estimation of cach 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, spé.n length and
information of piles, ctc., which effect cost but cannot be known until the bridge is planned, are not
included. As primary data for bridge rehabilitation (horizental topography of river crossing, geological
quality of riverbed, cte.) are included in the inventory data, though not in such detail, more precise
cstimation may be possible, if other data such as the location for reconstruction, 1ype of bridge, span
length and information of piles are added to the width and bridge length. Other types of data that
maybe needed will be reconunended by the MOP.

(3) Judgement of priority for rehabilitation

Conclusion

In arder to establish the systein for judging the priority of rehabititation, three indices were defined;
those being ccononty index (traflic volume/rehabilitation cost), safely index (degree of bridge damage),
and social index {income differential). First of all, these three indices were calculated, and then total
index value was worked out by adding the theee weighted indices, Next, bridges were allocated into
each road link', and the maxinunm totat index value of all bridges belonging to a link represents the

link. A list of rchabilitation cost was prepared by arranging the link in the order of the higher index
value for cach region,

Recommendation

The theee evaluation indices mentioned above were recommended based on the fundamental concept
that safely and socioeconomic considerations must be made in public investments not placing priority
only on cconomic feasibility, especially when considering the many bridges in rural areas where there
may be low returns 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 apptied to a typical bridge,
the MOP must make corrections.



(4) Rehabilitation project investment plan

Conclusion

Road links (bridges) arc allocated into the scheduled rehabilitation program of each fiscal year in order
of priority on the rehabilitation cost table. The allecation was made in such a manner that the total

rchabilitation cost is approximately the same every year.

Recommendation

The project rehabilitation period is supposed as 10 years (first phase 5 years and second phase S years),
The rchabili!élion period was 5o 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 mode! survey {IX) region that 10 years
would be sufficient for the rehabilitation period. It is recommended that after the first S-year period,
that the plan review the whole rehabilitation plan including the rehabilitation principle on the analysis
of the achieved rehabilitation thus far, as 10 years is a long period, and during that time the cconomical

situation and traffic demand in rural roads would change.
52  BRIDGE REHABILITATION DESIGN

Conclusion

The bridge rehabilitation design was prepared in order to show an actual technological example which
would be useful for the MOP to decide rehabilitation method based on actual inspection results. The
Study Team selected twenty bridges with the MOP counterparts and conducted inspeciion and analysis

of amount of damage as well as designs for rehabilitation method.

Besides the inspection of bridge itself, an envirornmental study was conducted to estimate the effect
which rehabilitation of bridges may have on its surroundings. A standardized and simplificd method of
the cﬁvironmcnta! study was recommended consequently after exchange of opinions with the staff of
the Departiment of Environment in the MOP over the necessity and procedure of the envirommental

study for small-scalc rural bridges.

Recommendation

To date there do not seem to be many bridges having been inspected and strengthened on a farge scale
in Chile. Furthermore, more money and cffort has been spent on reconstruction rather than repair.
Thus, many bridges have not been recognized in the inventory nor maintained over a {fong period. In
order to maintain bridges systematically, it is most important to discover damage as carly as possible

and to make appropriate repairs without delay. It is therefore recommended to intentionally and



actively maintain and repair damaged bridges by efficicnt nse of the inspection method proposed by
the Study.

Although the MOP intends to replace timber bridges with more permancnt structures such as concrete
or steel, the element of time must be considered. To constiuct a new timber bridgc is difficult
nowadays from cconomical and cnvironmental aspects, but on the other hand there is still the
advantage of casy repair, therefore the MOP must maintain their technology of timber bridges and not
discard it.

Regarding the quality of concréte it is proposed that the MOP makcs effort to improve the quality of
conceete implementation. The problem of the quatity of concrete is not mudy a constmcllon snc issue.
If the problem is not properly addressed, Chile will end up with many concsete bndgcﬂ of poor quality,
consequcnlly hrmgmg about the risk of deterioration of n:ml bridges in general. At the beginning of

the rehabilitation plan the re i is thus a chance (o present bndgps of high quality for future users.

In order to extract environmenial problems accompanying bridge rehabilitation, it is recommended to
start with the Project Description and the Site Description. Following scoping and screening, the initial
cnvironmental examination (JEE) is carried owl using inspection forms for environmental
considerations. In case that an obvious environmental impact is recognized. preliminary environmental
impact assessment (Pre-EIA)Y is carried out. In the Pre—lilA, mitigation methods of remarkable
negative impacts caused by the rehabilitation are considered. By proceeding with the study in the order
described abave, it is casier to grasp the existence of the little-understood environmental problems of

the small bridges and measures for overcoming them.

53  STANDARD BRIDGE CADD PROGRAM

Conclusion

The bridge CADD program developed in the Study is based on the specifications of AASHTO which
are usually adopted by the MOP. 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 developed are as follows:
Superstucture
- Pre-tensioned PC beam
- Post-tensioned PC beam
- Steel rolled H beam
- Steel plate girder
All the beams and girders above are composite types with concule deck,



Substructure
- tnverted T abutiment with spread foundation
- Wall-type pier with spread foundation

The standard drawings were prepared by vsing the CABD program for the bridges both of one and

two lancs 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.

Recomincndation

Verification and examination of the CADI 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 not necessarily advantageous to develop every detail by oneself in
such an age when computer technology progresses quickly, therefore existing application softwarc
were implemented. In order to maintain the best status for the computer at al times, regular renewal of
software and hardware versions must be kept in mind. At the same time, the program itse!l 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 charge of bridge planning, the basic use of the program is recommended for the estimation of
approximale 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 suitable
design paramelers and to the preparation of struciural design drawings within the capacity of the

program.
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