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Figure 4-20 Injection of Mortar
(2) Steel Plate Attachment (Pullally Bridge)

In this method steel plates are attached on the outside of the tensile edge of the’
concrete members in such a way as to ensure transmission of shear forces between the
two, to integrate the steel plates with the existing member and thus add to the cross-
sectional strength of the member with the steel plates acting as steel reinforcement.

The steel plates normally used are 4.5 to 6 mm in thickness and epoxy resin is used as
the adhesive. Bonding methods include that by compression and injection. The former
method is described below.

For compression bonding, the adhesives are coated to a thickness of around 2 min on
both the faces to be attached and the steel plate is attached to the concrete face. The
adhesive is made to harden while the steel plates are pressed against the concrete face
with the anchor bolts inserted into the concrete. To ensure proper attachment, it is
important that the face of the concrete slab is level and smooth, and it is important
therefore to take care over the preparation of the concrete face. The face of the steel
plate is blasted to remove any rust and is then dried to avoid any lowering of the
bonding capacity. While the resin is hardening, the traffic of heavy vehicles at least
should be suspended to prevent disturbance of the bonding faces, Care is also requlred
in the application control of the resin and in curing, as the hardening speed of the resin
shows a significant drop in cold weather. (Refer to Figure 4-21)
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Figure 4-21 Adhesion with Compressmn for Steel Plate
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(3) Floor System Reinforcement

New cross beams are inserted for the construction of new stringers and for their
support. The stringers have to support the floor slabs directly. A gap is left between the
upper flanges and the lower faces of the slabs and the outside of the gap is sealed as
shown below. Epoxy resin is injected into this gap through injection holes. Restrictions
should be placed on the passage of large vehicles and on the travel speed while injected
resin is hardening. The cross béams and reinforcement steel are attached with high-
strength bolts and welding is avoided. This is due to the fact that the dead load stress is
already acting on the welds of existing members, and it is not possible to confirm the
strengths of the welds on the existing members. Additionally, the welding work
involves workers placed in dangerous positions. (Refer to Figure 4-22)
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Figure 422 Reinforcement of Floor System
(4) Repair of Side Faces of Arches with Masonry Work (Claro Bridge)

The load actmg on the side faces of the arches is indirectly dispersed through
installation of new floor slabs and the side faces themselves are repaired by attaching
stone panels to them for maintaining their aesthetic appearance. For the installation of
the floor slabs, if they are to be cast in piace, this will require tall scaffolding, while if
precast concrete slabs are to be used, this will involve the use of heavy machinery such
as truck cranes. The procedure for the masonry work will be as follows.

- 1) The scaffolding is constructed on the sides of the arches.
2) The old facing stone panels are removed and anchor bars are driven into the wall
face.
3) A network of reinforcement bars is mstailed on the s:de faces and are connected to
the anchor bars; .
4) Stone panel walls are constructed and are connected to the reinforcement bdr
network and supported on the outside by timbering.
- 5) Mortar is injected and cured.

Because the injection thickness is small, utmost care is required in the mortar injection.
The ‘injection - should desirably be implemented in several stages. A method has to be
devised for connecting the stone panels with the reinforcement bar network. The
drawmg below shows one p0351b111ty (Refer to Figure 4-23)
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Figure 4-23 Repair by Masonry for Sidewall
'(5) Repair of Underside of Arches with Reinforced Concrete Arches (Claro Bﬁdge)

This work is aimed at the repair of the underside of the existing “arches. The new
reinforced concrete arches are not intended to directly support the dead and live loads
of the arches themselves. The procedure will be as follows. (Refer to Figure 4-24)

1) The scaffolding is constructed.

2) Anchor bars are driven into the lower faces of the ougmal arches.

3) A network of reinforcement bars is attached to the anchor baris.

4) Timbering is constructed and concrete forms are installed.

5) Fresh concrete is injected through pumps. ' ' '
6) Steps 4) and 5) are repeated several times and the crown ‘concrete is placed from

_the side in the final stage.
7) The forms and the timbering are removed after curing of concrete
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Figure 4-24 Repairing Method of Arch for Claro
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(6) Fall-Off Prevention (Bio Bio Bridge)

Four types of fall~off prevention devices normally used were listed in Section 4-2-2 (7).
Here, the connection of girders w1th chains is taken up (See fngure 4-25)

« The surfaces at the ends of the main girders are cleaned with grinders etc.

s Holes are drilled at the bolt positions with reamers. The use of gas-cutters should
be avoided as the material quality of the webs is altered by heat,

» The steel plates are set in position and fastened with bolts,
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Figure 4-25 Counter Measure for Damage by Earthquake
(7) Repair of Gerber Section (Cayumapu Bridge)

The possibilities for the repair of the Gerber section include installation of additional
reinforced concrete cross beams and shear reinforcement using steel plates. The latter
method will be used ‘under the present project. Reinforcement with steel plates is a
method often used in Chile and there is no need to describe it here. Care, however,
should be taken to ensure the safety of the scaffolding as the work will be taking place
in a high place. Replacement of rusty shoes and repair work for prevention of leakage
from the expansmn joints should be implemented at the same time.

(8) Foundation Reinforcement by BH Method

Though limited, there are a number of pile dnvers that can be used when there is little
" headroom below the bridge girders, as is the case in the construction of additional piles
for reinforcement of the foundation at Ramadillas Bridge. As the work cannot take
place under water, the drought season-will have to be chosen and temporary roads for
the transportation of the machinery, channels for diverting the river water and jetties
will need to be constructed in the river channel. Where the riverbed is low around the
piers, islarids. will be constructed and the pile drivers positioned on them. As the
headroom below the girders is around 4 to 5 m, small reverse-circulation drills will be
- used for the pile drivers. As an example of such a pile driver, the TBM-LH is brleﬂy
d1scussed below. (Refer to hgure 4-26} '

This is a low-head, large-hole boring machine almed at raising the efficiency of the BH
method and has the following features.

1) The swivel head is low, allowing safe and speedy attachment and removal of
the rods.
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2) Long rods can be used even in positions with restrictions in the clearance,
3} Others

e Circulation method: direct circulation
» Dimensions during operation
height: 3.3 to 4.8 m
width: 1.2 m
length: 3.0 m
» Weight: 32 t -
¢ Borehole diameter
normal soil: 0.2 to 1.5 m
rocks: 0.2 to 0.5 m
* Borehole depth: 40 to 100 m
* Driving System
rotation: 30 to 150 rpm
torque: 0.6 tfm
stroke: 500 mm
thrust: 6.1 tf
¢ Motor: diesel engine, 18.5 kW (32 PS)

Figure 4-26 Large Hole Boring Machine
(9) Foundation Reinforcement with Cast-in-Place Piles {Loncomilla Bridge)

Since the river is deep, the work wiil take place during the drought season. The
procedure of the work is outlinec_i below. (Refer to Figure 4-27)

1} A jetty is constructed between Abutment E2 and Pier No. 5 usmg H-shaped steel
and rail piles.
2} The pile driver is transported to Pier No. 5.
3} Parts obstructing the pile placement are removed as required.
4) The cast-in-place piles are placed.
5) The concrete on the edge of the old footing is removed to expose the
reinforcement bars to be joined to the new footing .
6) The timbering, forms and reinforcement for the new bottom slabs are
constructed and the concrete is placed. The foundation for the temporary
supporls are placed beforehand within the new bottom slabs.

184 —



7) The temporary supports are constructed and jacks are positioned at the top fo
support the bridge,

8) The tops of the pier caps of the original bridge piers are leveled, the cantilevers
are repaired and the shoes are set in position. '

9) The position of the superstructure is adjusted while loosening the jacks.

10) The temporary supports and the jetty are removed.
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Figure 4-27 Reinforcement of Substructure by Cast-in-Place Pile

(10) Foundation Foot Protection Work (Claro Bridge)

Ripraps and gabions are to be used to prevent scouring of the riverbed and the existing
foundations below the water surface are reinforced with prepacked concrete. For the
placing the prepacked concrete, the riverbed ‘is first leveled and the forms are installed
under water. The aggregate is then placed in accordance with the mix design. This is
followed by the injection of the cement mortar which is then allowed to harden.

(11) Construction of New Pier (Cayumapu Bridge)

The procedure for the construction of the new pier, Pier No. 2, is described below. Refer
to Figure 4-28.
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1) The temporary road and jetty for transportation of the pile- dr1v1ng machinery are
constructed within the river channel. :

2) The cast-in-place piles are placed. .

3) New bottom slabs are installed around the cast—m~piace piles of the old pler, and
the wall reinforcements are placed in position.

4) Temporary supports are constructed on these bottom slabs to support the orlgmal
T-shaped girder. The foundations for the temporary supports will have been
constructed within the bottom slabs and jacks placed on the top of the temporary
supports for this purpose.

5) The walls of the original pier are removed.

6) The reinforcements, forms and timbering for the new pier walls are constructed.

7) Concrete is placed on the walls of the new pier and cured.

8) Shoes are placed on the top of the pier and the supelsh*uc’mre is lowered to the
required position using jacks.

9) The temporary supports and the jetty are removed.
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4-3-3 Materials Used and Quality and Construction Supervision

(1) Materials Used

The strengths of the principal materials used under the repair design are as follows.

Repair Method -

7 Position Material Material Strength Bridge

Filood slab replacement Floor slabs Concrete fc = 240kg/cm? Claro

Steel plate attachment Floor slabs Steel plates ft = 1400k g/cnv* Pullally

Resin injection Floor slabs | Amolanas, etc.
Patching Floor slabs Concrete fe = 240k gfom? Bio Bio

Arch repair Lower faces of arches  Concrete fc = 240kgfom? Claro

Gerber repair Gerber supports .Steel plates ft = ldﬁokg/cmz Cayumapu
Shbe seat widenin'g "Subs.tructur.e crowns Concrete fe = 240k gfem? Amolanas, etc.
Pier reinforcement Piers Concreie fc= 240&(3/{:1112 Amolanas

Pier repair Piers Concrete fc = 240kg/cm? Rasmadillas, etc.
'Masohry work "Piers Mortar ¢ = 500kg/m? Claro
Foundation repair Pier fopndalions Prepacked concrete fc = 180kg/cm? Claro
Foundation reinforcement  Bottom slabs Concrete fo= 240kg/c£112 Loncomilla, etc,
Additional piles Foundadtions Concrete fc = 240kg/em? Loncomilla
Additional piles Foundations Triple rail piles  fi = 1400kg/cin? Ramadiltas, ctc.
New piers Piers Steels ft = 1400kg/cn? Malleco
Expahsion joints \ Joints Maipo, ete. .
Shoes ' Shoe seats Neoprene Loncomilla, etc.
Fall-off preveﬁtion Cross beamns PC steel bars 0.70fu = 12300kg/em?  Maipo

Fall-off prevention Girder ends Chains Bio Bio, etc,
Painting Steel girdérs Pullally, etc.
Railing Railing Claro, efc.
Appfoach slabs Approaches Concrete fc = 210kgfem? Amolanas, etc.
Road pavement Approaches Asi)halt Amolanas, etc.
Scouring prevention Riverbed Gabions Pullalty, élc..
Scouring prevention Riverbed Ripraps diamneter: 30 cm or more  Loncomilla, etc.

Specifications for Principal Members
Material Standard  Stress Applicable Specifications

Reinforcement Steel Grade 40 2800kg/cn? (Yield)
 2800kg/cr (Yield)

Steel Members
PC Steels

AASHOTO M31/ASTM A615
AASHOTO M183/ASTM A36
Grade 250 17,600kg/cm? (Ultimate) AASHOTO M204/ASTM A416
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(2) Quality and Construction Supervision

The repair work will be carried out in accordance with the design drawings and
execution plans. As the quality of the work will have a direct effect on the stability of
the structures, construction supervision will be of utmost importance. Points of
particular note include the following.

1) Earth Work

The foundations for Amolanas and Malleco Bridges must penetrate down to the
bedrock. Care needs to be taken in the scouring-prevention work at Maipo Bridge to
avoid disturbing the ground around the foundations.

2) Concrete Work
The quality control will be implemented according to the following procedure.

s Determination of the properties required (e.g. compressive strength, slump) and
the standard values (strengths and dimensions) _

¢ Determination of inspection methods and control standards to be used in quality
control '

* Determination of the display methods for the data and of the criteria

s Quality control is implemented during the progress of the work and, when .
abnormalities are observed, their causes are sought and either the causes are
removed or the work procedure is improved.

Concrete pumps will be used in the work on the piers at Amolanas Bridge and on the
arches at Claro. Bridge. Execution planning will be carried out in advance with
“detailed considerations for the equipment plan (layout of machinery, machines used
and their capacities, piping), placement procedure and measures to be taken in case
of breakdown.

3) Form Supports

Design work will be required for the concrete forms for the more important
structures. Considerations will be made for the vertical loads of the forms, supports,
concrete, reinforcement bars, workers and construction equipment, as well as
horizontal loads, such as the lateral pressure of the concrete against the formwork.
Settlement and lateral movement of the supports during concrete placement due, for -
example, to the lack of bearing capacity will result in a lowering of the accuracy in
the finish. Appropriate types of supports must be selected on the basis of preliminary
studies of the ground conditions. '

4) Resin Injection

Materials: Epoxy and polyester resins are normally used. Polyester resing are subject
to significant shrinkage and have low adhesion and durability, as well as being
totally averse to water. They have the advantage, however, that they require lower
curing temperatures than epoxy resins and the possibility of lowering their viscosity
makes them suitable for use in small cracks. ' -
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Injection: Since the resins are sensitive to temperature variation, times at which the
external temperature ranges between 10 and 30°C and the concrete surface
temperature is 10°C or above, should be selected for their injection.

5) Steel Piate Attachment

Given below is an standard example for the specifications for epoxy resin to be used
as the adhesive.

Specific gravity: 1.1 to 1.9 (permissible error: 5%)
Viscosity: 35,000 to 65,000 cP

Usable time: 60 minutes or more

Tensile strength: 200 kg/cm?2 or more

Flexural strength: : 400 kg/cm2 or more
Compressive strength: (yield point) 700 kg/cm2 or more
Tensile shear strength: 150 kg/cm2 or more

Iripact strength: 2.0 kg/cm?2 or more

Tensile elastic modules: 10,000 kg/cm?2 or more

Flexural elastic modules: 10,000 kg/cm2 or more

Compressive elastic modules: 10,000 kg/cm2 or more

The boring of the steel plates should be implemented at the factories and the hole
diameters should be made 5 to 10 mm greater than the anchor bar diameters.

6) Pile Work. |

The ends of the piles must penetrate down to the bearing stratum. This is particularly
important in Chile. When driven piles are used as friction piles, bearing capacity tests
should desirably be carried out. Since the horizontal forces due to earthquakes and
other causes tend to concentrate at the pile heads, the connection with the bottom
slabs must be made firm. When the centre-lines of the piles are found to be out of
position reinforcement will be required.

7) Steel Frame Pier
The points of note in the construction of this pier are listed below.

s Measurement of the positions of the foundations and bearing supports before
and during execution are of importance. During the assembly of the members,
measurements are taken at each panel point in the structures.

¢ The construction control is carried out taking account of the characteristics of
steel frame structures, calculating the stresses and displacement at various
stages of the construction and confirming the safely through measurements.

e Checks and inspections are made on the structures during construction. It is
important to keep records of these inspections (ground bearing capacity,

materials, joints, accuracy of assembly, displacement etc.).
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4-3-4 Safety of Work and Environmental Measures
(1) Safe_ty Control

Safety measures during construction include those to do with the safety of the workers,:
local residents and bridge users. Workers must not be made to undertake dangerous
work, or work that may be hazardous to their health, and must be given thorough
instructions concerning safety. Special supervisors will be appoirited’ for- maintenance
of safety and will ensure communication and coordination between various items of
work, as well as patrolling the sites and ensuring the safety of the equipment.

(2) Environmental Measures

The fo:ll'owing measures should be taken with regard to the environmental problems
that might arise from the construction work. .

» When the temporary roads and storage space for materials and equipment pass
through or occupy parts of houses or farmland, appropriate measures should be
taken in advance to prevent difficulties. = o

s Meastires, such as construction of new drainage channels, should be taken where
water is drained from the construction site or where different drainage systems

 from that prior to the construction. work are required. - - - :

» Hazardous materials, toxic chemicals and waste concrete blocks must be disposed
of at designated sites. i : ‘ C

» Test excavation shouid be carried out in advance fo ensure that no damage. is
caused to the existing underground utilities such as water pipes and. sewage
pipes. : : oL _

» Power transmission lines should be provided with protection or moved to other
sites. : ' : : o

(3) Traffic Safety

Some of the work will involve reduction of traffic lanes and restrictions on types of
passing vehicles. Detailed planning is required for such traffic: restrictions with
considerations for the construction methods and schedule, Road signs, construction
signs, safety fences, safety cones, signal lights, lighting, traffic signals ete. will be
required at the sites and it would ‘be best to employ personnel for guiding the traffic.
Since the bridges in question are located on trunk routes, the traffic restrictions should
be advertised through newspapers and radio broadcasts. - :
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-4-4 Cost Hstimation
4- 4~1 Composmon of Construction Costs

A brief summary is g;ven below for the cost estimation methods for bridge repau work
used by the MOP. Construction costs can be expressed by the following equation.

Precio = (intru + gastos general + utilcompania) + IVA
P=(I+GG+ UC) + IVA

where, S . _
P:  construction costs (estimate for total construction costs or bid price)
I: prime  cost for - construction (materials + labour # equipment +

_ transportahon + other expenses) _
GG: general expenses (expenses other than “I" - e.g. communication and
clerical work) '
UC: company profit (net profit of firm undertaking the work)
- IVA: tax (government tax rate: lS%)

Of these, the pnme construction costs Ky are calculated according to the ° 'Plan nacional
de puentes. Programa de rehabilitacién y conservacién vial." The general expenses
(GG) and company profit: (UC) varies from company to company, but examples of past
pro;ects show this to be around 30 to 40% of the prime construction costs. A 40% will be
used in the preliminary design here. The tax rate at present in 18% of {T + (GG + UQ)).
Materials used for reference in the cost estimation include the following,

- Plan mcmnai de puentes Programa de rehabilitacién y conservacién vial
(Espec1f1cac1ones técnicas gencrales, mayo 1983)
- ONDAC. El manual dé la construcci 6n edicién
- - Normas de autopistas (No. 1 - No. 5)
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4-4-2 Unit Costs of Construction Items

The conventional items of work are used together with the item numbers and unit costs
as given in the estimation standards of MOP, For items of work newly added for the
repair design, the directions given by MOP were followed and the standard costs were
determined as shown in Table 4-10. Even for same items of wotk, where the erection
- methods etc. differ, the costs for these are calculated by increasing the standard unit

costs.
Table 4-10 Standard Unit Costs
No. Hemof Work _ Unit  Cost(P) Remaiks
201 Mechanical excavation M3 1,500 Including refill
202 Ordinary manual excavation M3 14,000 Including réﬁl_l
203  Underwater excavation M3 2,500 Including replacement of water
204 Rock (and boulder) excavation M3 3,000 Including disposal of waste soil
241 Cast-in-place piles - - M3 90,000 Materials and placement
244 Triple rail piles M 40,000 Materials and placement
251 Form work M2 6,000
261 Reinforcement work TON 275,000
263 PC steel bars NO 2'4,000 Maipo Bridge
275 Concrete (240kg/cm?) _ M3 56,000 Excluding forms
277 Prepacked concrete (180kgfen?) M3 62,000 -
279 Approach slabs M3 83,000 perset
428 'Masomy work - M3 40,000 per set
429 Stone panels M2 41,300 Thickness: 4cm
430 Stone panel attachment (mortar inj'eclion) M3 62,000 Counstruction costs
435 Concrete removal M2 20,000 Eguivalent to thickness of 30cm
511 Temporary bridge or deiour route GL - — Differs from bridge to bridge
802 Precas! concrete slabs M3 120,600 per set
805 Drainage work No 14,600
815 Road pavement M2 3,000
830 Railing replacement M 26,000
835 Resin injection M 2,500
855 Expansion joints M - 33,000
050 Siab patching M2 51,000 per set
955 Scouring prevention . M3 26,000
956 Ripraps . M3 9,500
965 Rubber bearings No 330,000
970 Painting ' M2 1,500
975 Anchoring No 4,400
976 Shoe seat widening No 29,000 Steel
977  Gerber repair _ No 175,000 Steel (except shoes)
978 Fall-off prevention ' No 42,000- Chains
979 Steel girder repair TON 350,000
980 Steel frame work TON  B0O,000 Maiieco Bridge
981 Steel plate attachment M?2 45,000

A



4-4-3 Approximate Repairing Cost
.(1)'Summary of the Repair' Cost

Table 4-11 Approximate Repairing Cost

~ Name of Bridge ‘Principal Items of Repair Estimated Cost Remarks

1 Amolanas Pier reinforcement, resin injection 81,853,000
2 Pullally Steel plate attachment, shoe seat widening 96,753,000
3 Maipo Fall-off prevention, scouring prevention 38,826,000
4 Claro Stong panel attachment, reinforced concrete arches 396,429,000
5  Loncomilla Foundation reinforcement, scouring prevention 428,299,000
6 . Bio Bio Fall-off prevention, resin injection 148,300,000
7 Ramadillas Foundation reinforcement, shoe seat widening 352,703,000
8 Malleco Construction of trestle bridge 3,955,549,000
9 Pichoy Foundation reinforcement, fall-off prevention 170,960,000
10 Cayumapu Construction of new substructure, Gerber repair 103,347,000
Total

(2) Repair Cost for Individual Bridges

1) Amolanas

No. Item of Work o Unit  Quantity Unit Cost (P) Coefficient (%) Cost (P1000)
202 Ordinary manual excavation M3 50 14,000 1.00 700
251 Form work M2 785 6,000 2.00 9,420
261 Reinforcement work TON 13 275,000 2.00 7,150
275 Concrete (240 kg/cm?) M3 130 56,000 2.00 14,560
279  Approach slabs M3 36 83,000 1.00 2,988
815 Road pavement M2 200 5,000 100 -1,000
835 Resin injection M 4240 2,500 1.00 10,600
855 Expansion joints M 68.5 33,000 1.00 2,260
976 Shoe seat widening NO 2 29,000 15.00 870
Subtotal 49,548
Expenses (40%) 19,819
Government Tax (18%) ‘ 12,486

Total - ' 81,853
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2) Pulially Bridge

‘No. ltem of Work Unit Quantity Unit Cost (P) Coefficient (%) Cost (P1000)

203  Underwater excavation M3 178 2,500 0 100 438

835 Resin injection. M 3,060 2,500 1.00 7,650

855 Expansion joints | M 45 33,000 1.00 1,485

955 Scouring prevention ' M3 _25'0‘ 26,000 1.00 6,500

970 Painting M2 4,600 1,500 1.20 8,280

976 Shoe seat widening NO 16 29,000 1.00 . 464

981 Steel plate attachment M2 750 45,000 1.00 | 33,750 .
Subtotal - _ 58,567 .
Expenses (40%) | 23427
Governiment Tax (18%) _ : A _ 14,759 -
Total o | 96753

3) Maipo Bridge

No. ltem of Work Unit  Quantity UnitC_os_t (P) Coefficient (%)‘C'ost {(P1000)
201  Mechanical excavation = M3 600 - 1,500 .o~ 900
203  Underwater excavalidn - M3 200 2,500 , 1.0(_) o . 500
263 (bt pevention) No 78 24,000 1.00 o
855 Expansion joints M 300 33,000 1.00 o 8,900
955  Scouring prevention M3 390 26,000 1.00 10,140
956 Ripraps . M3 20 9,500 - 1.00 190
~ Subtotal _ o 23,502
Expenses (40%}) _ 9,4_01
Government Tax (18%) . 5,923
Total L 38,826
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4) Claro Bridge

No. Item OfWor.k . - Unit Qtlantify Unit Cost (P) Coefficient (%) Cost (P1000)

202 Ordinary manual excavation M3 10 14,000 1.00 140
203 _Undenv'aztér'excavéli()n M3 20 2,500 .00 | 50
251 Formwork M2 1,090 6,000 1.50 9,810
261 Reinforcement work TON- 21 275,000 150 8,663
275 Concrete (240 kg/en) M3 210 56,000 1.50 - 17,640
277 ?{gga}fgg‘:n‘j;’“m‘c M3 2000 62,000 1.00 2,400
428 Masonry work M3 - 300 40,000 1.00 12,000
429 Stone plate materials - M2 2300 - 41,300 1.00 94,990
430 Stone plate attachment M3 230 62,000 1.00 14,260
435" Concrete removal = M2 1400 20,000 0.50 14,000
802 Precast concrete slabs M3 280 120,000 1.00 33,600
805 Drainage work No 24 14,000 1.00 336
815 Road pavement - M2 180 5,000 1.00 900
830 Railing replacement M 236 26,000 1.00 6,136
855 Expansion joints M 18 33,000 1.00 1594
955 Scouring prevention M3 400 26,000 - 100 10,400
956 Ripraps. - M3 160 9,500 1.00 1,520
975 Anchoring work No 1,150 4,400 0.50 2,530

Subtotal ’ 239,969

Ex_pensés (40%) ‘ . _ . . 95,988

Government Tax (18%) _ _ 60,472

“Total - " o 396,429
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5) Loncomilla Bridge

No. Item of Work _ Unit  Quantity  Unit Cost (P) Coefficient (%) = Cost (PIOOO)
241  Cast-in-place piles M3 288 9G,000 1.20 - 3L104
251 Form work M2 490 6,000 120 3,528
261 Reinforcement work . TON 240 275,000 1.20 . 66,000
275 Concrete (240 kg/cm?) - M3 295 56,000 120 19,824
435 Concrete removal M2 96 20,000 1.20 2,304
511 g‘gt’ggfig{i{f‘dge or M - 300 350,000 120 126,000
830 Railing replacement M 20 26,000 1.60 : 520
855 Expansion joints M 25 33,000 .00 - 825
955 Scouring prevention M3 30 26,000 120 - 936
956 Ripraps - M3 200 9,500 100 : 2,280
965 Rubber bearings No 18 330,000 1.00 5,940
Subiotal | | 259,261
Expenses (40%) = 103,704
Government Tax (18%) S 65,334
Total - o - L .428,299
6) Bio Bio Bridge
No. Item of Work Unit  Quantity Unit Cost (P) Cocfﬁcient'(%) ~Cost (P1000)
835 Resin Injection M 5,700 2,500 1.00 14250
950 Slab patching M2 115 51,000 100 5,865
970 Painting M2 34,250 1,500 1.20 61,650
976 Shoe seat widening No 20 29,000 100 580
978 Fall-off prevention ~ ‘No 184 42,000 (.00 7,728
Subtotal . 90,073
Expenses (40%) o 36,029
Government Tax (18%) _ 22,608

Total 148,800
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7) Ramadillas Bridgé

——

Item of Work

No. Unit  Quantity Unit Cost (P) Coefficient (%) Cost (P1000)
201 Mechanical excavation M3 200 1,500 1.00 300
203 Underwater excavation M3 100 2,500 1.00 250
244~ “Triple rail piles M 260 40,000 1.00 10,400
251 Formwork M2 1,420 6000  1.00 8,520
261. Reinforcement work' TON 54 275,000 1.00 14,850
275 Concrete (240 kg/cm?) M3 680 56,000 1.00 38,080
435  Concrete removal M2 220 20,000 1.00° 4,400
511 “‘Temporary Bridge M 120 350,000 1.00 42,000
* and detour route M 240 150,000 1.00 36,000
855 Expansion joints M 159 33,000 1.00 5,247
965 - Rubber bearings No 112 330,000 1.00 36,960
970 - Painting M2 6,615 1,500 1.20 11,907
975 * Anchoring work No 1,390 4,400 0.75 4,587
"~ Subtotal 213,501
~ Expenses (40%) - 85,400
Government Tax (18%) 53,802
- Total 352,703

8) Malleco Bridge

No.

Item of Work

tem of | . Unit_ Quantity Unit Cost (P) Coefficient (%) Cost (PL0O00)
201_ Mechanical excavation M3 37,700 1,500 1.00 56,550
251  Formwork M2 1,150 6000  1.00 6,900
261  Reinforcement work TON 150 275,000 1.00 41,250
275 Concrete (240 kg/em?) M3 2450 - 56,000 1.00 137,200
s11 yemporary Bridge ot M 800 150,000  1.50 120,000
970 Painting M2 26,000 1500 1.00 39,000
979  Steel girder repair - ~ TON 140 350,000 1.50 73,500
© 980  Steel frame work ~TON 2400 800,000  1.00 1,920,000
_ 'Subtotal | | 2,394,400
" Expenses (40%) 957,760
Governient Tax (18%) 603,389
Total - 3,955,549
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9) Pichoy Bridge

No. Item of Work Unit  Quantity Unit Cost (P) Coefficient (%) Cost (531000)“

201 Mechanical excavation M3 40 1,500 1.00 60
244 ‘Triple rail piles M 784 40,000 1.00 31,360
251 Form work M2 160 6,000 1.00 960
261 Reinforcement work TON 7 273,000 1.00 1,925
275  Concrete (240 kg/fcm?) M3 90 156,000 1.00 5,040
279 Approach slabs M3 36 83,000 1.00 2,988
435 Concrete removal M2 90 20,000 1.00 1,800
815 Road pavement : M2 400 " 5,000 1.00 2,000
855 Expansion joints M 58 33,000 1.00 1,914
965 Rubber bearings No 25 330,000 1.00 8,250
970 Painting M2 1,960 1,500 1.20 3,528
976 Shoe seat widcning No ] 29,000 10.00 290
978 Fall-off prevention No 6 42,000 1.00 . 252
Subtotal 60,367
Expenses (40%) ' 84,514
Government Tax (18%) 26,079
Total : ' 170,960

10) Cayumapu Bridge

No. TItem of Work Unit Quantity Unit Cost (P) Coefficient (%) Cost (P1000)
201 Mechanical excavation M3 40 1,500 1.00 60
241 Cast-in-place piles M3 108 90,000 1.10 10,692
251 Form work M2 135 6,000 1.10 891
261 Reinforcement work TON 9 275,000 1.10 2,723
275 <Concrete (240 kg/cm?) M3 105 56,000 £.10 6,468
279 Approach slabs M3 36 83,000 1.00 2,988
435 Concrete removal M2 70 20,000 1.10 - 1,540
511 gemporary bridge or M 80 350,000 1.10 30,800
815 Road pavement M2 400 5,000 1.00 2,000
955 Scouring prevention - M3 40 26,000 1.00 1,040
665 Rubber bearings No 6 330,000 1.10 2,178
976 Shoe seat widening No 1 29,000 1000 290
977 Gerber repair No 6 175000 - 100 S50
Subtotal o 62,720
Expenses (40%) 25,088
Government Tax (18%) ' 15,805
Total 103,613
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Chapter 5 Bridge Rehabilitation Planning

5-1 Principle for the Planning of Bridge Rehabilitation
5-1-1 Present Situation of Bridge Rehabilitation Practice in Chile

One of the main objectives 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 formulate a
bridge rehabilitation plan. Through a series of bridge inspections carried out in the first
and second phases of the Study, it was identified that theré were many bridges which
were in the latter stage of senility in their life cycles and had severe defects among
those on this route. o

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 necessity in this country.

In pa'rallel with 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 bridges which immediately require such
measures, in order to comply with the rapid increase of traffic volumes. In particular,
in Regions VI and VIJ, - 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.

Under the present circumstances in Chile, although there are many bridges which
require immediate rehabilitation, it will need a huge amount of cost in spite of a very
limited available fund, which necessitates the road administrators to implement the
maintenance and rehabilitation works with the best possible cost performance. To this
end, it is indispénsable to utilize a system which can compile, assemble and retrieve the
data and information related to bridge engineering, in order to execute scientifically
and rationally the bridge rehabilitation plan which includes many bridges and work
loads in quantity and quality. During the process of the Study, a system which can
rationally determine the rehabilitation priority and related cost was developed.

5-1-2 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
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functional characteristics, as well as the political and socioeconomic factors like traffic
volume, regional development plan and national development policy. However,
formulation of a bridge rehabilitation plan in the Study . was altempted  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 resuits 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.

1. There exists no comprehensive regional development plans covering all the
_areas where all the road sections of National Route.5 are stretching for which
the bridge rehabilitation plan is to be intended.

2. The Government of Chile has already politicalfy decided road sections, for which
bridge rehabilitation and replacement have been implementing,.

3. The Government of Chile is seeking a rational system which can logically
determine bridge rehabilitation priority for formulation of the future bridge
improvement pians. -

As a part of plan formulation, prioritization of bridge rehabilitation for all the
inspected bridges on National Route 5 was worked out by the following conditions and
methods.

1. All the inspected bridges on National Route 5 are to be compared with the same
conditions, regardless of bridge status whether included in the existing
rehabilitation plans with budget allocations or on-going rehabilitation works
being undertaken. : :

2. Rehabilitation priority shall be determined from the vie.wpoint of engineering
criteria such as degree of defect, function and type of the bridge.

3. The standard rehabilitation method and its cost for each bridge component shall
be determined for those bridges which are rated as the defective degrees 4 and 5.

4. With an assumption that all the bridges rated as above on National Route 5 shall
be rehabilitated with the aforesaid standard methods, calculation of each bridge
rehabilitation cost will be made. :

5. As the indicators for evaluation of rehabilitation priority, estimation of cost for
bridge rehabilitation work and applicable traffic volume are to be worked out.

6. Above indicators shall be properly tabulated so that the bridge rehabilitation
priority determined in item 2 can be evaluated. :

5-1-3 Indicators for Determination of Rehabilitation Priority

The priority of a project is normally determined by the criteria or indicators such as

benefit/ cost ratio (B/C), internal rate of return (IRR). However, adoption of these
criteria to all the bridges on National Route 5 for this purpose is considered to be
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almost impossible, because there would be no benéfit to be yielded from bridge
rehabilitation .and the basis of benefit and cost estimation can not be clarified nor
accurate, which leads to meaningless result. Therefore, the following indicators are
adopted for determination of bridge rehabilitation priority. Tables 5-3(1) through 5-3(8)
show the exampleés of determined priority of .each bridge for rehabilitation, by
application of the integrated evaluation indicators (TE) for rehabilitation /replacement
priority.

(1) Integrated Determination Indicators for Bridge Rehabilitation/Replacement
Priority (TE)

"TE" is to be expressed as an integrated indicator for determination of bridge
rehabilitation/replacement priority, mainly judged by the level of functional and
engineering requirement factors of the bridge, such as degree of defect, load bearing
and functional fulfiliment or service level. Among above factors, the deficiency rate of
bridge is regarded as the most important, and the calculation method of the rate is
explained in Section 8-3 of Chapter 8 and the concept on the "TE" is described in
Section 8-4 of the same chapter,

(2) Rehabilitation Cost (COST)

The Government of Chile is adopting its own standard bridge rehabilitation methods
as shown in Table 8-4. For plan formulation, the Study applied this standard method
for determination of the rehabilitation methods of the bridges inspected, and
estimation of the rehabilitation cost is worked out by the following procedure.

1. Based on the results of inspection, deficiency rate of the bridge component is
determined by the evaluation criteria shown in Tables 8-5 and 8-6.

2, Standard rehabilitation method of bridge component is determined for those
bridges with the deficiency rate of 4 and 5, which is referred to Tables 8-7 and 8-8.

3. Quahtity calculation by size and dimension of the bridge is carried out in
accordance with the formulae shown in Tables 8-9 and 8-10.

4. Estimation of the cost of bridge rehabilitation work is made with application of
standard unit cost of adopted standard method and the calculated quantity.

(3) Average Daily Traffic Volume (ADT)

The Government of Chile has been conducting nation-wise traffic surveys. Based on
the traffic volume count surveys for 1988 and 1990, projection of the traffic volumes for
1992, 2002 and 2012 are attempted. Figures 5-1 through 5-6 indicate the estimated
average daily traffic volumes on the road sections on the National Route 5.

(4) ﬁridge Rehabi'litation. Cost/Average Daily Traffic Volume (COST/ADT)

The main beneficiary of the bridge is the vehicle traffic using that bridge. Because of the
reason that the time saving benefit and the saving benefit of vehicle operating costs
such as fuel and oil consumption and others are mostly in direct proportion to the
traffic volume, value of benefit/cost ratio commonly used for project evaluation is
proportional to the size of traffic volume when the cost is constant. Therefore, as an
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economic indicator to determine the bridge rehabilitation priority, the Study applied
the rehabilitation cost/average daily traffic volume (COST/ADT). In this case, the
smaller the value is, the greater the cost efficiency becomes.

(5) Rehabilitation Cost/Average Daily Traffic Volume/Bridge Area (CO‘-}T/ADT/BA)

The COST/ADT indicator as described in the plecedmg paragraph (para. 4) is inclined
to show high priority where the size of a bridge is small which can be rehabilitated with
a low cost, when the traffic volume is constant on the same road section. In order to
avoid such discrepancy, this indicator (COST/ADT) is divided by the area of a brldge
surface (BA). This revised indicator shows the value of cost performance factor per unit
bridge area, in which case the smaller the value is, the greater the cost performance is.

5-2 Evaluation of Bridge Deficiency Rate

The evaluation of bridge deficiency rate was attempted based on the results of
preliminary or periodic inspection carried out to 246 bridges on the National Route 5.
The concept of bridge deficiency rate evaluation. is described as follows. The bridge
deficiency rate is evaluated relatively by the weighted criteria or extent how much
three components of bridge (super-structure, sub-structure and accessories) will affect
to the total structural function of the bridge. The evaluated value of each bridge is
obtained by the layer analysis method in which the weighted value of the bridge

deficiency is overlapped with the deficiency rate of each component of the bridge. :

The detail of the evaluation method of bridge deficiency rate is described in Section 8-3
of Chapter 8, and the relative evaluation values and weights are shown in Table 8-3 in
that section. For determination of the priority of bridge rehabilitation, the deficiency
rate are converted to five-rank ratings by the statistical approach, and applied as the
evaluation criteria to the structural deficiency of the bridge.

5-3 Determination of Rehabilitation or Replacement
There are following three major cases which would necessitate bridge replacement.

1. When the traffic demand exceeds the traf_fic capacity of the bridge

2. When the bridge is obliged to be replaced by the requirements attrlbutabfe to river
conditions and shortage of clearance under the glrder, etc.

3. When the bridge comes to have too much senility in its life cycle or too great
defect so that replacement can attain better cost performance than
rehabilitation.

In this Study, discussions are not extended to above- mentloned Case [ and Case 2 in
the planning of bridge rehabilitation. There. would be two measures to solve the
problem of traffic capacity shortage as described below. :

1) Construction of an additional new bridge in-parallel ‘with the existing bridge in

use
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2) Construction of a new bridge whmh has enough traffic capacity, as the
replacement of the existing bridge

At present the Ministry of Public Works of the Government of Chile is adopting the
former measure for the widening of carrlag,e ways to increase the traffic capacity.
Because of the reason that this Study aims at the planning of bridge rehabilitation
intended for rehabilitation or replacement of the existing bridges, discussion on the
additional bridge or the wider bridge to be newly constructed is considered to be of
another plan and is regarded as out of scope.

It is a general understanding that there is no established method nor means to
determine exactly how long the life span of a bridge will be prolonged by
implementation of rehabilitation. There have normally been many cases that when the
rehabilitation works on an old bridge have been executed, many other additional
defects have been found at other structural parts. Furthermore, prolonged life span of
a bridge can' be variable depending not only on the method and scale of rehabilitation,
but also on the kind of structural Components of bridge to be rehabilitated.

- Assuming that the replacement of a bridge is implemented after 10 years and its cost is
now US $100, this cost at present value after 10 years would be US $66 with a discount
rale of 6 % per annum disregarding the price escalation. This will lead to- a
consideration that if the cost of rehabilitation to be implemented now would be less
than 44 % of the cost of replacement, this rehabilitation can be regarded as
economically more advantageous, even if the replacement is executed after 10 years. In
this case, the higher the discount rate is, the more advantageous the rehabilitation
becomes, and it can be done with less cost.

5-4 Engineering Evaluation for Determination of Priority

For determination of priority of a bridge for rehabilitation or replacement, its
evaluation criteria will differ according to the characteristics of area, administrative
organization structure and objective of bridge maintenance, etc, and eventually,
weight of the criteria would be adjusted accordingly. In addition to the result of bridge
defect evaluation, evaluation critetia for determination of priority of a bridge for
rehabilitation or replacement would be the engineering and structural factors like the
engineering characteristics of the bridge, its site and surrounding geography, as well as
the socioeconomic factors like national development plan, projected traffic demand
and available source of fund, etc. In this section, examination was tried to the
engineering evaluation criteria for priority determination and the weight of each
criterion.

There are several ideas as to the engineering evaluation criteria and the prioritization
methods. In this Study, the independent factors which will mutually influence to
prioritization are set as the criteria at the first level layer, and the factors which will
minutely evaluate at the first level are set as the criteria at the second level. Then, by
application of layer analysis method which will review the weight of each level,
prioritization of the bridges subjected for rehabilitation on the National Route 5 are
sought from engineering standpoint. The weight list of each criterion classifted by each
layer level is shown in Table 8-16.
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5-5 Evaluation by Socioeconomic Factors for Prioritization
5-5-1 Basic Approach to Socioeconomic Evaluation

A general approach to socioeconomic evaluation for feasibility study is the quantitative
calculation and comparison of the influential factors accrued by implementation of a
certain project. However, because of the reason that clarification of such influences is
very complicated and difficult, so that the traditional method of economic viability has
been evaluated by comparison of just the benefit and cost directly related to project
implementation, which are tangible and quantitative, and can be expressed in
monetary values. :

For instance, in case of a road project, the evaluation elements are limited to the
construction and maintenance costs and the benefits as savings in monetary terms of
the vehicle running cost and travel time which are directly related to the road users and
can fairly accurately be accountable. '

A bridge has a certain life span as is everything, and its function will be lost sometime
unless a certain measure iike rehabilitation is taken for prolonging the life span, which
will cause suspension of the traffic flow. Loss of a bridge function on the existing road,
especially on the very important trunk road would cause an enormous damage, and
clear quantification of such a damage would be almost impossible. Suspension of the
traffic flow due to bridge collapse will not only give a great adverse effect to the road
users directly, but also cause unmeasurable influence to the society. Apart from this
influence, there would be no new benefit yielded by just the implementation of bridge
rehabilitation. In other words, bridge rehabilitation can improve the level of traffic
safety, but will not increase the traffic capacity, and therefore, there will basically be no
change of traffic benefit before and after its implementation. Consequently, it will be
meaningless to adopt a traditional method for economic evaluation of the
rehabilitation of existing bridge by comparison of the investment cost and the very
limited or nil benefit.

Therefore, socioeconomic evaluation for the rehabilitation plan of the existing bridges
on the National Route 5, to be formulated in the Study, was mainly intended and
applied to the determination of rehabilitation priority. To this end, evaluation elements
were confined to those indicators which were derived from analytical works on the
collected data and information, and were useful for determination of the priority of
rehabilitation or replacement. _ '

5-5-2 Evaluation Elements
The following were conceived as the evaluation elements selected from various
socioeconomic indicators. They are adaptable for determination of rehabilitation
priority of the existing bridges, in the process of formulating the bridge rehabilitation
planin the Study.

- 1. Comprehensive development plans

2. Important development areas

3. Population
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4. Traffic volume and heavy vehicle composition rate

In addition to above, scale of budget, restrictive conditions on source of fund, and
rehabilitation cost will be regarded as the financial types of evaluation elements.
Among those listed above, as there had not been sufficient data on the various
~development plans, traffic volume and rehabilitation cost were adopted as the
socioeconomic evaluation elements, for priority rating of rehabilitation. Traffic volume

can be regarded as the reftection of economic activity of the area where the bridges are
located.

5-6 Bridge Rehabilitation Plan for the National Route 5

The priority of bridge rehabilitation decided by the integrated determination indicators
(TE) is performed in the Study. The high priority bridges for the rehabilitation which
have the bridge deficiency rate 5 for the super- and sub-structure and have high value
of TE are shown in Table 5-3, in which 37 bridges are listed in high order of TE
indicator. In. Table 5-3, the following bridges which have special situations are
included;

- - MAULE Bridge is now under construction for replacement.
- CLARO Bridge is necessary for preservation as historical monument.
- PIDUCO Bridge fell to the river for scouring of abutment during the Study period.

The bridges which are necessary urgent repair are shown in Table 5-1, the bridges
which are desirable early repair are shown in Table 5-2. The bridges with the following
conditions are not included in the Tables.

1. Bridges which already have plans for rehabilitation/replacement.

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

3. Bridges which are necessary to construct new bridge (replacement) due to severe
damage occurred by problems of basic structure and of conditions for the bridge
location.

—205—



Table 5-1 Bridges Necessary Urgent Repair

qO | N0 NOMBRE REG |  COST ADT CBA | COST/ JCOST/| TE |L|S|I
(x1000 PS) . ADT  BA¥ADTL - .
U | 29 | PULLALLY 5 48916 | 4095 1552 | 11945 | 7.7 (129 |4 [ 4]
2 | 70| ANTIVERO PONIEN § 6 26511 | 18182 1574 1458 | 0.9 1120 |5 |4 {3
3| 53 | PS TENIENTE PON | 6 34980 | 15340 338 2281 | 6.7 130 [4 {45
t {137 | DIGUILLIN 8 163725 | 12644 683 | 12949 [18.0 124 [4 |4 | %
2 1123 | NINQUINUE 8 13313 6485 206 2053 110.0 [ 130 (4[4 |5
3 [140 JLAJITA 8 8422 | 6593 3040 12171 { 4.2 128 |45 {4
4 | 117 | NIQUEN 8 4232 | 6485 261 | 653 { 2.5 122 |45 |3
5 | 142 | BATUQUITO 8 65542 | 6593 144 9941 {69.0 {130.[4 [ 4|5
6 | 141 | BATUCO 8 11192 - 6593 1331 (698 6.1 [ t2s |5 |4 |4
7| 152 | BURED 8 33899 | 5659 1408 5990 | 4.3 {132 5|44
8 | 143 | SALTO DEL LAJA 8 166744 6593 1187 25291 {21.83 [ 121 }5 |5 |4
9 | 160 | CHAMICHACO 9 5176 | 4368 163 1186 { 7:3 [ 130 {54 |4
10 | 159 | HUEQUEN 9 75540 | 4366 | - 233 | 17302 {74.3 11255 8|5
11 | 185 | CHANCO 9 6076 | 5429 203 1119 { 5.5 120 5|43
12 | 156 | MININCO g 29034 | 5659 588 5131 | 8.7 132 J 415 |4
13 [ 161 | DUMO g 85112 | 4366 294 | 19494 | 66.3 {118 {4513
14 | 166 | QUINO 9 79212 | 5429 §78 | 14591 [25.2 (124 {414 {5
15 [ 168 | PS PUA 9 8620 5429 | 314 | 1588 | 5.1 [ 123 |5 (4 )4
16 {213 | RANUE 10 62582 | 2898 | 1539 |. 21595 | 14.0 [ 123 |5 [5 |9
17 | 233 | TRAPEN BAJO 10| 5853 | 2794 | 360 2095 | 5.8 | 113 {4 (5713
_ 934691
Table 5-2 Bridges Desirable Early Repair.
NGO | NO NOMBRE REG COST ADT BA | cOST/ [OST/-| TE LIS |1
. ADT_BA/ADT
1| 54 {PS TENIENTE ORI 6 17880 | 15340 324 1166 |- 3.6 | 128 |4 [4 |4
2 {110 | PIGUCHEN 7 13798 | 597t 194 | 23111t 9121 |44 |4
3 [ 108 | LONGAVI 7 15423 | 5971 3326 | 12632 ] 3.8 | 128 |4 [4 |4
4 [ 138 | RELBUN 8| 117684 | 12644 143 9307 [21.0 | 130 |4 |4 |4
51134 | GALLIPAVO 8 12401 | 12544 306 | - 981 | 3.2 (128 [ 4[4 |4
6 | 150 | B1O-BIO 8| 300204 5659 | 1614 | 53049 1'32.9 | 134 [4 {4 [4
7| 124 | MENELHUE 8 8082 | 6485 236 | 1246 5.3 0129 |44 |4
8 | 149 | DUQUECQ 8 119631 | 5659 1505 | 21140 | 14.0 {118 |4 [4 |4
9 | 155 | ESPERANZA 9 12074 5659 837 2134 | 2.5 1132 |4 |4 |4
10 [ 181 | CUADA 9 116063 | 2828 246 | 41041 {166.8 | 123 [4 |4 [4
11 | 171 | CAUTIN 9 89613 | 4798 | 6713 | 18677 | 2.8 [123 [4 (4|4
12 | 172 { METRENCO 9 9222 | 4793 234 1924 | 8.2 123 |4 [4 |4
13 1188 | LELFUCADE 2 10 2926 1856 124 | 1577.012.7 1138 [4 14 |4]
895001 |

ADT: Volumen de trénsite promedio diario
BA : Area del puente
TE : Evaluacion total de prioridades de rehabilitacidn
L. : Grado de deterioro de la losa

S : Grado de deterioro de la superestiuciura
[ : Grado de deterioro de la infraestruciura
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.Figure 5-1 .T raffic Volume on the Route 5 (Region 4)
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Average Dailly Traffic Volume (10 thousand}
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Figure 5-2 Traffic Volume on the Route 5 (Region 5, Region RM Region 6)
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Figure 5-3 Traffic Volume on the Route 5 (Region 7.8)
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Figure 5-4 Traffic Volume on the Route 5 (Region 9,10)
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Figure 5-5 Traffic Volunie on the Route 5 (Region 10)
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' Chapter 6 Outline of The Guideline
6-1 In.ttrddu'ct.ion

A bridge is one of the structural facilities which compose a road network system. It
" normally requires the largest amount of cost for its construction and maintenance. 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 not only on road transportation, but also
to stability 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 important role to ensure safe, smooth and comfortable flow of
road traffic. 3

This guideline is prepared for the engineers 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 composed of the following contents.

1) Basic principles of bridge inspection 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 evaluation criteria

5) Standardized rehabilitation methods ' -
~ 6) Standard ‘procedures of detailed bridge inspection

7) Case study of bridge rehabilitation

This guideline is separately prepared from the Main Text of the Study, and is entitled
"Guideline for Bridge Maintenance Inspection”. '

- 6-2 Basic Principles of Bridge Inspection and Maintenance

Bridge maintenance activity is defined as all the works to maintain the original
function of the bridge from the time of its completion until it is replaced. This section
describes’ the contents of the maintenance activity with work classification and
explanation.

6-3 Definition of Terminology Related to Bridge Engineering

An inspector to engage in the bridge maintenance is not always an expert for bridge
engineering, Therefore, the Guideline presents the definition of terminology related to
bridge engineering for the inspectors who are not well versed in bridge engincering
and is designed for their clear understanding. The Study also prepared a pr:dge
register for maintenance purpose, in which the registered bridges are classified by
structural components with cading for computer input. The terminology is explained in
this section according to this coding order. _
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6-4 Standard Procedures of Periodic Bridge Inspection '

There are two kinds of bridge inspections; one is the periodic mspectmn and the other is
the detailed inspection. The periodic inspection is to be cartied out to all the existing
bridges in a certain interval, and the standard prouedures of this inspection is focused
on the fo!lowmg three items. . S

1} Visual inspection on the degrees of decay, deteri!oratiori and deformation |
2) Measurement of basic bridge dimensions | | |
3} Photographing the bridge |

6-5 Evaluation of the Results of Inspection and Evaluation Criteria

The evaluation of the bridge deterioration is one of the most 1mportant tasks of the
periodic inspection, but the evaluation is inclined to differ by the .personal judgment of
each inspector. In order to avoid the difference of evaluation of the ‘bridge
deterioration and make an objective evaluation, the Study worked out a check list as
the evaluation criteria, and explained the characteristics of each deterioration,
together with the standard procedures of mspechon I

6-6 Standardized Bridge Rehabilitation Methods

The mestry of Public Works in the Republic of. Chj]e ‘hes a specaﬁcatmn on the
Standardized methods for the civil works to be implemented by the ministry. The
Guideline describes selected standardized work methods which are to be applied to the
bridge rehabilitation.

6-7 Standard Procedures of Detailed Bridge Inspection

Based on the detailed bridge inspection carried out in the Study, this section describes
the standard procedures of detailed bridge inspection which includes those methods as
application of inspection instruments like Schmidt Hammer .and measurement
instruments for deformation. At the same time, the Guideline also introduces some of
those inspection methods which will be needed in the future, although they are not
actually used in the Study. :

6-8 Case Study of Bridge Rehabilitation

In order to demonstrate the standardized rehabilitation methods presented. in section
6-6, this section presents a detailed explanation of some of the bridge rehabilitation -
methods which are considered for adoption in many cases to the exisnng bndges in
Chile. : :



Chapter 7 Bridge Maintenance Management Systems
7-1 Syétem Concept

The bridge management system presented in this paper is a support system fto aid
planning of bridge maintenance programs in a way that is both scientific and practical.
The system involves the use of a microcomputer to store bridge-related data in a data
base system.

When supplied with data for a number of bridges the system is able to devise inspection
schedules, determine the order of priority for various maintenance operations as well

as diagnose the condition of existing bridges. The basic structure of the system is as
shown in Figure 7-1.

s

¥

-An‘understanding of fundamental data of
axisting bﬁdges

-Collection of bridge characteristics data
{Includes investigations)

¥

-An understanding of the condition of
the existing bridges

-Collection of bridge inspaction data
{includes investigations)

_i .

Evaluation of condition of

bridges.
‘l’ ' y
Decision on repair . Decision on where repairs
Operation order of priority are necessary or nal

-Selection of extent and
method of repair

-Selection of bridges for repair
-Selection of repair methods
-Selection of approximate

cost of repairs

-Evaluation of repair
priority
-Bridge repair order

of priority list devised.

y

Bridge repair
planning '

.Figure 7-1 System concept
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Figures 7-2 and 7-3 indicate the hardware and software used in the system.
(1) System structure

1) Software

: «Basic bridge data
Input system _ L »Inspection data
= Repair history data

i_)ata accumulation System {Uses dala base M)

«Program for determining the condition of the bridge

« Pragram for detamining whether ‘repair work is necessary

« Program for selecting method of repair

«Program for detenmining approximate cost of repair “work

- Program for selecting the order of priority of conslruction work

Data processing system |

N

Output syslem -~ +General snimmary of fundamental bridge data

= Summary of overall condition of bridge

+ General overview of repair work order of priority
«Summary of bridge repair hislory

«Individual print-outs on clher bridges

Figure 7-2 Structure of software

2} Hardware

Computer _ Di_sp!ay

IBMPS/2 Model 70 386 _ IBM 8512-003

Memory : 3968 Kilobytes | 5| VeA

Hard disc : 80 Megabytes 80 characlers x 25 lines; 16 colors
Floppy disc :3.5 inch single drive ' 640 dots x 480 dots; 16 colors

)

_F’ri'nter ) Software

1BM4019 MS-DOSVer, 5.0
A4 cut sheet ' MS-CVer. 7.0

dBase { ) PLUS Ver. 1.1

Figure 7-3 Hardware
(2) System processing block chart
.Figure 7-4 uses a program processing block chart to indicate the processing software
system for the bridge repair management system. Figure 7-5 divides the programs into

input, accumulation, processing and output blocks and indicates the structure of the
sub-programs.,
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Data recording and 1 (s, T
maintenance black Inventory Inspection resulis
input system .
{input system) I. X
..--.: ----------------------------- ﬁ..—h‘r ----- 4l usEETERYINSAAERTIT LRI RN \‘F-‘V--u---t-u-u ------
Data accurnulation block . ' : -
(Data scoumulation system) inventory Inspection results and H.B_Pa" _
evaluation; ‘repalr history
cast results

"Daia caiculation processing
block
{Data processing system)

Print-out  block {Summary)
Output system 1) '

Print-out block
{For each bridge)
Qutput system 2)

a - 5. 8. -
Condition of bridges Cailculation of repair - - Repair order of priority
evalualed; method and cost selected.
Necessity of repair :
determined
7. & : 10.
Invenlory Resulls of inspection Repair history
a o
Evaluation and repalr
cost
H. 12. ' _ 14,
Inventory "_lnspeclion resulls Repair hisiory
15. 13,

MOP-type inventory

Evalualion and repair cost

D T T L L e e e A e Y e

iNon-specific outpul system
(output systemn 3)

Figure 7-5 Bridge maintenance management system block diagram
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7-2 Basic functions of the system

The functions of the system can be divided into those of data base and. those of data
processing. - S

(1) Data base ' functions
Data base functions include data recording, updating, storage, accumulation and
retrieval/output functions, The following section describes these functions in detail.

1) Data récording 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 updating 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 basic software used here is
dBase ~Plus V - 3.5. .

The main storage accumulation functions are as follows:

a. Data ‘storage and accumulation (mainly data peculiar to the bridge being
investigated)-using a relational data base. _ -

b. Data storage and accumulation {mainly code data and work files) 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 brings them 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 following list describes the
content of these functions in detail:

A. Fixed retrieval /output function

- The féllowing- documents may be retrieved for each state using the fixed
retrieval /output function:



General bridge documents:

1 Bridge outline

2 Bridge inspection history

3  Bridge condition evaluation
4  Bridge maintenance history

Specific bridge documents

Fundamental bridge register

Bridge preliminary inspection document
Bridge condition evaluation

Bridge maintenance history

Fundamental bridge reglster (MOP format)

R eRR e R Be ]

B. Optional retrieval/ output funcﬁons

The optional retrieval/output functions allow the operator to retrieve optional
items stored in the relational data base (d Base). The procedure for- setting the
conditions for reirieval/output is fixed. A fixed set of rules also applies to the
number of pieces of data retrieved, the number of cutput items, the output
format and the selection of the output unit. Such procedures and restrictions will
be revealed during the detailed designing stage. The followmg is an outline of
the optional retrieval/output function: Refer to Figure 7-6.

-1 Selection of item to be retrieved ~ Code data ;s listed on the screen |

Belection of conditions of retrievalioulput

/

~—— 8creen or printer output
Selection of oulput ediing condiions = L1 Letys file outpul

. Filesave

k 4

Seleclion of output unit

4

No
L1 Recognition of retrieval output conditions

Figure 7-6 Qutline of Optional retrieval/output function

(2) Data computing / processing'functions

Data computing/processing functions are a set of apphcat;on programs that carry out
data processing /computing functions using the data and input data in the data base
appropriate to the aim. The system we used has the two computmg /processing blocks
shown below as was shown in Figure 7-4
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- 1) Bridge condition evaluation system

~ The bridge condition evaluation system uses the damage inspection data to evaluate
the condition of the bridge and to determine whether repair is necessary. The system
has the following three sub-routine programs:

1 Bridge sectional condition evaluation processing program
2 Bridge overall condition evaluation processing program
3 Repair method selection and rough estimate cost

2) Systém for determining the order of preference for Bridge repair/rebuilding

This system ranks and selects the bridges along say, the length of state highway 5
according to the degree of urgency of repair. The system bases its decisions on the
results of the bridge condition evaluation while taking into account economic, social,
technological, and political factors. '
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Chapter 8 System Design

'8-1 Input system

lnpuf system is divided into a data catiy system and a file management system.
" 8-1-1 Data Registration System
The data to be zeglstered into the system falls mto the following three- types basic data
for a bridge including the name, location, type and length of a bridge; preliminary check
data for a bridge based on bridge deficiency evaluation surveys performed periodically;
and bridge repair history data containing the details and history of a repaired bridge.

Data registration flows together with the details of data to be entered and is dosu‘lbed
- as follows. Refer to Figure 8-1.

1) Basic data for a bridge
| a 'lnp'ut data fot'ma't as shown in Table 8-1, 1A
b Registration prouadure (Block chart)

T °°W/7

/ Help F

‘ '—'-'-'-*"-“"""' _ N SR
Llnpuﬁfa\‘lw interactive screen '
: ¢ [ DB

—5 l |
. - OK N 0.B. is classified
' ' . ' ” by slate and slored

N Bridge

Punctions Interactive screen mode
o :  Asmuch data as possible are to be coded for mput (the names of
states, prefectures, managing offices, routes and etc. ).
Codes are managed by file data.
“Help” function supports operation procedure (limited lo this
partlcular input system) and file inquiry
*File call, File list, Code list
*Error data correction, p:ocess suspension, retummg7 to
initial screen’
Outputs 1A Chart as an output format per bridge.

Figure 8-1 Bridge basic data registration procedure
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2) Data for preliminary check of a bridge. Refer to Figure 8-2.
a. Input data format, as shown in Table 8-2, IB Table.

b. Entry process procedure (Block chart)

[ - /»HﬂlpF
[ fnput (1?1& »| Interactive screen
e , bB
- 0 ..__..,,___.__..,._) -.«’I A
< T oK. _
S
N Bridge —Xe N
M,Mm.w...n._.___‘..__,,_‘____A,__I ) J Sagmeonl-by-sogment
- “~ 1 bridge soundness o
avaluation procoss

Punctions :  Interactive screen mode
: Asmuch data as possible are Lo be coded for input.
Codes are managed by file data. _
“Help” function is similar to enlry process of basic bridge data.
Soundness evaluation results are simultaneously correcled at
the time of input data correction and revision.
¢ Outputs IB Chart as an output format per bridge.

Figure 8-2 Preliminary check data registration procedure
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3) Bridge repair history data. Refer to Table 8-3.
a. Input data format, as shown in Table 8-3, 1C Chart
b. Registration procedure (Block chart)

/ Holp F -

Input dala —3» Interactive screen |
‘—-’.—/""—‘*\ -
A

‘ IGChart Call ‘

N Sridge Dccmm mput

— B

SS—— vy T N e T e

Functions : Interactive screen mode _
The standard method of repairing is to be coded.
Unit prices included in the IC chart are quoted from standard
unit prices used for the standard method of repairing,

Figure 8-3 Bridge repair history registration procedure

'8-1-2 File Management System

“File management system registers evaluation weighl for each evatuation item in IB
chart used for deficiency evaluation. Damage degree evaluation, evaluation items,
~methods of repairing according to the evaluation, quantity computation expressions
are to be coded and managed. A system that allows registration of such elements is to
be prepared.
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8-2 Processing system

The detailed description of the method for bridge deficlency evaluation will be given in
Section 8-3 “Bridge deficiency evaluation”. The system configuration and the basic
concept of the system are described here. The system judges the deficiency of a bridge as
well as the repair priority using registered data.

8-2-1 Bridge Deficiency Evaluation System
For bridge deficiency evaluation, the following two types of subroutines are prepared.

a. Processing subroutine for segment-by-segmént bridge deficiency evaluation (S u
b- R-1) _
b. Processing subroutine for overall bridge deficiency evaluation (S ub-R -2)

1) Processing subroutine for segment-by-segment deficiency evaluation (S ub- R - 1)
a. System deécription

Objective : To compute evaluation values described from the results of segment -
by-segment bridge checks listed on IC chart. Evaluation results are
classified into five grades to determine the standard method of
repairing,.

Evaluation method : When there is only one item for check performed to determine
the standard method of repairing, the checked value itself is used as a
deficiency evaluation value. Whereas, when there are multiple check
items, a mean value obtained by multiplying the weight registered into
file management system will be considered to be the deficiency
evaluation value of each checked segment. Refer to Figure 8-4.

Ej = Wik - Sjk / £ (Wjk - §ik) or Ej=8j (Expression 8 - 1}
'Ej = Deficiency evaluation score for segment ]
Wjk = Evaluation weight for the check result of the item k of the segment ]

Sjk =  The check result of the item k of the segment j (entered by an inspector)
: (refer to IB Table)
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b. System process procedure (Block chart)

DB

Functions -

o8B
IC Chart
/ Evaluation weight /‘7/ Deficiency criterion /
¥ v

Input data File creation

Ej computalion

r .
Determination of [€ < Defisiency judgement

reparing method S

l

Drawing up of segment-by-segment
Deficiency evaluation chari

J  Reler to Cutput. 1B Chart

General expression using variables.

Output IB Chart is referred to for the estabhshment of segiment-
by-segment deficiency evaluation table. :

“Help” function allows call of evaluation values and check

values.

Figure 8-4 Segment-by-segment bridge evaluation _procedure

2) Overall bridge deficiency evaluation process (Sub - R-2), Refer to Figure 8-5.

a. System description

Objective :

Logic :

To perform deﬁaency analysis -and evaluatlve rankmg per bridge. All
the objective bridges along Route 5

An objective bridge is divided into three segments; its appurtenances,

superstructure and substructure. The significance (weight) of each
divided segment over the structure and functions of the entire bridge
is relatively evaluated. Analytic Hierarchy Process which integrates
this significance (weight) with ~segment-by-segment deficiency
evaluation is used.

(Refer to Material - 1 for Analytic Hierarchy Process, Relative evaluation value
Classification of bridge segments, The way to find evaluation rank, weight value
by bridge segments and grades)
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~ b. System Process Block Chart

D

—

B .
Table Data

Ry

input data

Deficiency Evaluation
Analysis

Stalistical Process

/Ev&luatlon Weight
[ F |

. Deficiency Criterion

- and Evaluation Value

F : :
_/ Deficiency evaluation standard

Selting - value of the entire bridge
LB
Drawing upof overall bridge e Deficiency judgement
deficiency evaluation chart
3
(Refer to Output 18 Table) -
Functions : QGeneral express:ons using variables.

Output Format is made combining overall bridge deficiency
evaluation chart and 2-2 segment-by-segment evaluation chart.

(Refer to output 1B Chart).
: "Help” allows call of evaluation weight and check value.

Figure 8-5 Overall bridge deficiency evaluation procedure

8-2-2 Repair Cost Computation Process (S UB- R 3)

1) System description

_Objective : To compute Iepalr cost for the standard method of 1epmr for bridge

segments.

Logic : The computation performed by the system is designed to serve for the
determination of repair priority or the establishment of a mid-term
plan. The result obtained from such computation is an estimated repair
cost for the standard selected method of repairing based on the check
results. The standard method of repairing or the estimated repair cost
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determined by the system are not used for the implementation of the
practical repairing. As the determination of the repairing method or
the computation of repair costs are likely to be performed using
approaches other than the ones determined by the system, thorough
examinations is reqtured separately after the necessity of repair and
repair plan has been decided, Accordingly, the computation of repair
costs performed by the system is limited to the two functions; the
computation of the unit cost per unit quantity of a given segment and
the integration using the estimated repair work quantity.

2) Computation expression for repair costs per segment

Px"vl‘xNixnixPi

Px = The repan- cost per segment
Vi= The unit cost per unit quantity of the standard method of repamng
(Example:$/m2)
Ni = The estimated repair work quantity per segment (anmpie per bridge for
~ the dec; per pier or abutment for the substructure)
ni = The number of segments {Example n=2) :
Pi= The decrease rate of repair work quantity when deﬁc:ency rate is 4
(Example Pi=04)

Table 8-3, IC chart provides a more visual image of how to perform computatlon
The determination of the standard method of repairing, the computation” of the
quantity of repair work and the computation of repair costs are perforrned
according to the following procedure.

a. As shown in Table 8-band 8-6, determine the method of repairing accordmg to
individual item of the check data (IB chart). _

b. As shown in Table 8-7 and 8-8, determme the method of repairmg accordmg to
the deficiency of each bndge segment. L _

- €. As shown in Table 8-9 and 8-10, compute reqmred quantlty of repair work based
on the basic data of the bridge.
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3) System Process Block Chart. Refer to 8-6.

LB
14 Table Dala

DB .
IBTable Data

. 4 _ . e
. -Ljelorminalion of repairing method +( Rapairng mathod code

Compuialion of amount of repairl g work

- Computalon of repalring work cost  pe

l'

Drawing up of repairing work cost mmpﬁlallon { Output IC Tabls }.

Functions: The following two types of IC Charts are prepared; The one for the

computation to obtain the result of the. computation performed
through the unit cost chart of the standard repairing costs and the

‘standard repair work quantity; and the other one for the computation

of any repair costs through the external input of repairing costs and

- the quantily of repau' work required for each segment.

Flgure 8-6 Computation procedure of repairing work cost
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Table 8-4(1) Standard Repairing Method

L e i e
[No Ttem Designation Unit Description
i 151 Bank Protection m3 | According the position, height,slope right of WRy shown in the
plan. Based on the No 5-5707. Include excavation filling .
2 153 Gavion m3 | Construction of gavion at the pdsiiion shown in the plan . Based on
the No 5-3709.
3 244 Triple Rail pile m Preparation of material and swollen pile according to the plan of
the project.
4 251 Form m2 { Preparation of material by the coniractor.
5 261 Reinforcement Bar Kg | Not applied for piles, approach slab, anchor bar, posttension girder.
' Based on INN NCH 204 of 67,NCH 210 of 67 slandard.
6 275 Concrete m3 | Include all the work such as supply of material, labor force,
{8ck240Kg/cm?) machine,and transportation.
7 341 Supply metal T Based on the AASHTO 1977. Include cut and welding.
girder '
8 342 Collocation of T Launching and collocation of metal girder include welding of
metal girder channel of cross beam.
g 343 Painting of metal T Based on the SSPC SP6
girder
10 352 Handrail of bridge m Not include concrete, form and reinforcement bar.
with footway
11 354 Handrail of bridge m Same above.
without footway
12 356 Bearing,anchor,drai { Nos | Include supply of material and setting the bearing,anchor and
nage drainage pipe.
13 5ii Temporally bridge | Nos { Include construction, maintenance and remove of detour for traffic.
or detour Minimum width of access road of the bridge is 5.0m.
14 521 Remove and Nos | Before or after of the construction of new bridge.
demotition of '
existing bridge
15 531 Upgrading of river | m2 Cleaning of river bed width of river and 50m upper and down of
bed : bridge.
16 541 Posting of sign Nos { Supply, collocation, painting and posting of traffic sign.
17 551 Posting of sign Nos | Supply, collocation ,painting for definition, construction and
identification sign.
18 805 Collocation and Nos | Collocation of drainage and extension of drainage steel pipe being

extend of drainage

galvanized indicate in the future slab planm'ng.
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Table 8-4(2) Standard Repairing Mcthod

! No - 1 ITEM { Designation Uni Description
| :
u 19 -] 810 Waterproof for Collocation of waterprool cloak for upper slab ol the bridge and
bridge slab m2 | under the pavement of asphalt for ttal length of bridge. MOP
: inspection and permission for construction are required.

20 815 Repair of Repair of pavement of bridge and replace of pavement with 5cm
pavement m2 | thickness of new asphalt pavement for tolal width of roadway.

21 820 Repair of loint i} Provision, replacement and collocation of steel angte for proteciion of

the edge of structure of joint.

22 8 Sign and traffic m | hased on the DV, No.1826
control :

23 - 830 Replacement of m | Provision and collocation of handrail based on ITEM352.
hendrail :

24 835 Repair and m | Repair of fissure and crack. Total separation of concrete {ess than

: injection for crack 1.5mm is considered as fissure and more than 1.5mm is defined as
crack. Fissure is repaired by injection of epoxy resin and crack is
repaired by mortal. Based on the ITEM275,

25 840 Repair concrete Repair of concrete where being observed bad condition -such as junk

{i crack m2 | of concrete, erosion,flake,exposure of reinforcement bar fissure amd
crack of slab and foundation,

26 845 Cleaning and m | Clean total surface of concrete such as remove of wire, cover junk
painting of bridge and finally paint by lime or white coment milk,

27 850 Repair and i | Repair and replacement  and painting of existing handrail. Form, type,
Painting of volume and dimension of handrail are correspond 1o ihe oxisting
existing handrail bridge.

28 855 Reconstruction of e § Provision and collocation of joint for supersticture, place, {onm,
joint dimension, volume, level and stope of project are shown in plan of

the project or instruction of inspection.

29 860 Cleaning and Cleaning and repair of all bearing of bridge. After cleaning of metal,
repair of bearing sis metal bearings are repaired based on the ITEM343 and rubber bearing

include concrete basement are repaired based on ITEMBS0,

30 B30 Levelling of access m | Levelling of bridge access which exist fall or bad compaction

31 885 Drawing of All plans which define clearly all of structural elemem of the bridges
construction No and all the repair, reconstruction and rehabilitation job.
planning

32 890 Demolition Demolition of footway concrele and part of slab which has no
footway, part of m3 | damage in reinforcement bar. extend of road way width is from 6 to 8
slabr and handrail m.

R
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Table 8-5 Evaluation Items Corresponding to Deficienicy Rate 4

Deficiency evaluation 4

Segments for repairing

Repairing method  Evaluation items

Code - S
Pavement - 805 All the items of Pavement
810 All the items of Pavement
815 All the items of Pavement
_ 880 All the items of Pavement
Expansion joint 820 All the items of Expansion joint
Handrail 850 All the items of Handrail
Bearing 860 - “All the items of Bearing
Painting 343 Al the items of Painting
Deck 835 Items 1, 2 & 6 of Deck
- 840 ltems 3, 4 & 5 of Deck
Gerber _ All the items of Gerber
Main beam  Stee} - All the items of Main beam
‘Concrete 835 Items 1, 2 & 6 of Main beam
840 Iiems 3, 4 & 5 of Main beam
Floor system Steel All the items of Floor system
Concrete 835 Items 1, 2 & 6 of Floor system
_ . 840 ftems 3, 4 & 5 of Floor system
" Abuntment  Body 840 Items 1, 2 & 3 of Abuntment
Differential settlement 244 Htem 4 of Abuntment
251 Item 4 of Abuntment:
261 Item 4 of Abuntment
275 Item 4 of Abuntment
Scour 153 Item 5 of Abuntment
| 531 Item 5 of Abuntment
Pier Body 840 Items 1, 2 & 3 of Pier
Differential settlement 244 Item 4 of Pier
251 Item 4 of Pier -
261 Item 4 of Pier
275 Item 4 of Pier
Scour 153 Item 5 of Pier
531 item 5 of Pier
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Table 8-6 Evaluation Items Corresponding to Deficiency Rete 5

Segments for repairing

Repairing method  Bvaluation items

Code
Pavement. 8OS All the items of Pavement
' 810 All the itents of Pavement
815 All the items of Pavement
. 880 Al the items of Pavement
Expansion joint 855 All the items ()Fﬁii?\ht.l@ﬂ j()llll o
Handrail 251 Items 4 & 5 of Handrail
261 liems 4 & S of Handrail
274 ltems 4 & 5 of Handrail
352 Items 1, 2 & 3 of Handrail (PASI>0.1)
354 Items 1, 2 & 3 of Handrail (PASI<0.1)
_ 890 Item 4 & 5 of Handrail
Bearing 356 All the items of Bcariné R
_____________ _ 840 All the items of Bearing
Painting T 343 All'the items of Pmﬁ(ﬂié T
Deck - 251 All the items of Deck
' 261 All the items of Deck
275 All the items of Deck
51 All the items of Deck
521 All the items of Deck
Gerber 251 All the items of Getber h
261 All the items of Gerber
262 All the items of Gerher
SHt All the iicnﬁs of Gerber
521 Albthe items of Gerber
Main beam  Steel R V'Y All the items of Main beam
342 All the items of Main beam
343 Al the items of Main beam
511 All the items of Main beam
521 Al the items of Main beam
Concrete 251 Al the }lcsns of Main bmmm
201 All the items of Main beam
275 All the items of Main beam
_ _ 511 All the itcms of Main beam
Floor system Steel N 340 T Al he items of Floor '.yslf,m
342 All the items of Floor system
343 All the nems of Floor system -
Concrci(ﬁ:"%mm‘w‘ 251 Al the items of Floor systcmm .
261 Al the items of Floor system
275 AH ihe ncms of Mm)r system
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251

Iter_ns 12 &3 .of A__buntmcm :

Abuntment  Concrete
' 261 Items 1, 2 & 3 of Abuntment
275 Items 1, 2 & 3 of Abuntment
Differential settlement 244 Item 4 of Abuntment
251 Item 4 of Abuntment
261 Item 4 of Abuntment
275 - Itern 4 of Abuntment
Scour 153 Item 5 of Abuntiment
243 Ttem 5 of Abuntment
_ 531 ~ Item 5 of Abuntment
Pier Concrete 251 Items 1,2 & 3 of Pier
| | 261 Ttems 1, 2 & 3 of Pier
275 Items 1, 2 & 3 of Pier
Differential settlement 244 Ttem 4 of Pier -
: - 251 Item 4 of Pier
261 Ttem 4 of Pier
275 Item 4 of Pier
Scour 153 Item 5 of Pier
243 Item 5 of Pier | _
531 Item 5 of Pier -
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Table 8-7 Standard Repairing Method for Each Part
Corresponding to Deficiency Rate 4

Segxﬁeni - : - No. Deficiency evaluation 4 Reparing method code

Pavement _ 1 Pavement repair 805, 810, 815, 880
e Expansion joint and Face plate

Expansion joint B 2 repair 820

Handraillcutb - 3 .Mortar filling, Protection material 850

‘application, Section repair

o Bearing reset, Beanng repair using
Be_a_n_fl_g. _ 4 - morlar 860
Painting L 5 - Washing in water and repainting 343 _
Deck. 6 - Crack repair, Injection 835 and or 840
Gerber hinge 7 Repair using steel plates Undecided
: ' Partial reinforcing using shape .
Main beam - Steel. beam 8 steel and steel plates Undecxdgd
' - Concrete beam 9 Crack repair, Injection 835 and or 840
‘ _ - 'Partial reinforcing using shaped .
Floor system Stéel beam _ 10 steel and steel plates Undecided
Concrete beam 11 ° Crack repair, Injection 835 and or 840
oy _ Mortar injection into cracks,
Body 12 gectin repair | 835 and or 840
Abuntment  yo.oo . ; Additional piles, Sole plate
- Differential settlement 13 extention 244, 251, 261,275
Scour 14 - Scour deffensive device 153, 531
- Mortar injection into cracks,
Body 15 Sectin repair 835, 840
Pier . , . Additional piles, Sole plate
. Differential _scttleme_n:t, 16 extention 244, 25 l_, 261,275
: - Scour 17 Scour deffensive device 153, 531
Slope protection 18 Slope deffensive device 151
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Table 8-8 Standard Repairing Method for Each Part
Corresponding to Deficiency Rate 5 -

Segment No. Deficiency evaluation 5 Reparing method code
Pavernent 1 Pavement repair - 805, 810, 815, 880
Expansion joint 2 Expansion joint replacement 855
Handrail/curb 3 Curb and Handrail reconstruction %231’ %gé’ 274,352 or
. Bearing replaccment or repair
Bearing 4 (Mortar) 356, 840
Painting 5 Repainting- 845
o - I 251,261,275, 511,
Deck 6 Deck reconstruction 521 (Note 1)
. : . 251, 261, 275, 511,
Gerber hinge 7 Gerber reconstruction 521 (Note 2)
Steel beam 8 Beam replacement %g? 261, 275, 511,
. (Note 3)
Main beamn ' Reinforced te + secti
einforced concrete + section
Concrete beam 9 ‘reinforcing using concrete 251,261,275
Beam replacement and additional
Steel beam 10 placing of cross beam 341, 342, 343
Floor system Reinforced concrete + section
Concrete beam . 11 reinforcing using concrete 251, 261, 275
Reinforced concrete + section ' -
Body 12 reinforcing using concrelte 251,261, 275
Abuntment . . ‘Additional pile, Sole plate ;
Differential settlement 13 extension 244,25]1,261,275
Scour 14 - Scour deffensive device 153, 243, 531
Reinforced concrete + section
Body 15 reinforcing using concrete 251, 261_’ 275
Pier . . Additional pile, Slope plate Ne
Differential settlement 16 extension 244,251, 261,275
Scour 17 Scour deffensive device 153, 243, 531, 760
Slope protection 18  Slope deffensive device 151

Note 1:Includes replacement of the pavement, hand rail and expansion joint accompaﬁied by deck
replacement.

Note 2:Includes replacement of the pavement, hand rail and expansion joint

placement,
Note 3:Includes repalcement of the deck, pavement, handrail and expansion joint accompanied by beam

replacement. _ . )
Note 4:The standaard methods of repairing NO,541, 551 and 885 are commonly included in all Kinds of

repairing.
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Table 8-9 Formula for Repairing Volume Caluculation
Corresponding to Deficiency Rate 4

Segments for repair

~~249~-

Repairing Computation  Units
method code
Pavement 805 LONG _ T NOS
810 CALZ * LONG * 0.5 M2
815 CALZ * LONG * 0.5 M2
880 10 ' Mt
Expansion joint 820 CALZ*2* SKEW * (TRAM + 1) Ml
Handrail 850 LONG *2 M1
Bearing 860 TRAM+1 SIS
Painting 343 ANCH * LONG *0.2¢t) i N T
Deck 835 LONG * 3 M1
840 ANCH * LONG * 0.2 M2
Gerber TRAM - 1 NOS
Main beam  Steel I ) NOS
Concrete 835 LONG * 3 Ml
840 ANCH * LONG * 0.1 M2
~ Floor system  Steel 1 NOS
Concrete 835 ANCH * (TRAM + 1) - M1
840 ANCH * (TRAM + 1) * 0.1 M2
Abumtiment  Concrete 835 ANCH*2 %2 M1
840 ANCH * (ALTR(}) + ALTR(7)) /2 * 02 M2
Slope 244 20(Nos) * 20(m) M1
251 (ANCH + 3(m)) * 2(n) M2
261 (ANCH * 3(m)) * 2(m) * 50(kg) KG
_ 275 (ANCH * 3(m)) * 2(m) M3
Scour 153 ANCH * 3(m) * 2(m) M3
531 ANCH * 10(m) w2
Pier Concrete 835 ANCH *2 %2 * (TRAM — 1) / 2 Ml
| 840 ANCH * (ALTR@)}++ALTR(O)(TRAM-1)*02 M2
Slope 244 20(Nos) * 20(m) o Ml
251 (ANCH + 5(m)) * 2(m) M2
261 (ANCH * 5(m)) * 2(m) * 50(kg) KG
275 (ANCH * 5(m)} * 2(m) ) M3
Scour 153 ANCH * 5(m) * 2(m) M3
531 ANCH * (LONG - 10(m)) M2



Table 8-10 Formula for Repairing Volume Caluculation
Corresponding to Deficiency Rate 5 :

Segments for repair Repairing Computation _ Units
method code _ S : o
Pavement 805 LONG C NOS
810 CALZ * LONG | M2
815 CALZ * LONG | M2
| 880 T Ml
Expansion joint 855 CALZ * 2 * SKEW * (TRAM + 1) - Mi
Handrail 251 LONG *2 *2 *0.3(m) M2
261 (LONG * 2 * 0.3(m) * 0.4(m)) * 50(kg) KG
274 LONG * 2 * 0.3(m) * 0.4(m) - M3
352 LONG*2 o - Ml
354 LONG*2 = - M1
| 890 LONG * 2 * 0.5(m) * 0.2(m) M3
Bearing 356 TRAM+1 o - NOS
| 840 ANCH * 1(m) * (TRAM + 1) | M2
Painting 343 ANCH * LONG * 0.2(1) | I
Deck 251 LONG * ANCH = M2
261 ANCH * LONG * 0.25(m) * 130(kg) ~KG
275 ANCH * LONG * 0.25(m) S M3
511 1 - , Gl
521 1 o o G1
Gerber 251 (ANCH *2(m)) * 5(m) * (TRAM-1)2 M2
261 ANCH * 5(m) * 0.5(m) * (TRAM — 1)/2*100(kg)  KG
262 ANCH * 5(m) * 0.5(m) * (TRAM — 1)/2 M3
511 ! _ - : _ - Gl
521 1 | ' | Gl
Main beam  Steel 341 ANCH * LONG * 0.(t) ) T
342 ANCH * LONG * 0.2(0) T
343 ANCH * LONG * 0.2(1) o T
511 i - | Gl
521 I | | Gl
Concrete 251 LONG * (1.0(m) + ANCH * 0.3) M2
261 LONG * 0,5(m) * ANCH * 0.3 * 150(kg) KG
275 LONG * 0.5(m) * ANCH * 0.3(in) | M3
| 511 o N | - G1,
Floor system  Steel 341 ~ ANCH * LONG * 0.05(t) T
342 ANCH * LONG * 0.05() T
343 ANCH * LONG * 0.05(t) - T
Concrete 251 (1.0(m) * ANCH) * TRAM : . M2
261 (0.3(m) * 0.5(m)) * ANCH * TRAM * 150(kg) KG

275 (0:3(m) * 0,5(m)) * ANCH * TRAM M3
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Abuntment  Concrete 251 (ANCH + I{m)) * (ALTR(1) + ALTR(7)) M2
261 ANCH * (ALTR(1) + ALTR(7)) * 0.3 * 100(kg)  KG
275 ANCH * (ALTR(1) + ALTR(?)) * *0.3 M3
Slope 244 20(Nos) * 20(m) * 2 S M1
251 - (ANCH + 3(m)) * 2(m) * 2 M2
261 (ANCH * 3(m)) * 2(m) * 50(kg) * 2 KG
| 275 (ANCH * 3(m)) * 2(m) * 2 M3
Scour -~ 153 ANCH *3(m) * 2(m) T M3
- 243 (ANCH + 5(m)) *2 /0.3 * 10(m) M1
531 ANCH * 10(m) M2
Pier Concrete 251 (ANCH*2(m))*(ALTR(2)++ALTR(6))/( TRAM-1) M2
261 ANCH * (ALTR(2)+-+ALTR(6)}*0.6(m)*100(kg)  KG
275 ANCH * (ALTR(2)++ALTR(6))*0.6(m) M3
Slope 244 20(Nos) * 20(m) * (TRAM - 1) M1
251 (ANCH + 5(m)) * 2(m) * (TRAM - 1) M2
261 (ANCH * 5(m)) * 2(m) * 50(kg) * (TRAM ~ 1) ~ KG
275 (ANCH * 5(m)) * 2(m) * (TRAM - 1) M3
Scour 153 ANCH * 5(m) * 2(m) * (TRAM - 1) M3
243 (ANCH + 5(m)) * 2/0.5 * 10(m) * (TRAM - 1) Ml
531 ANCH * (LONG — 10(m)) M2

nLTR(S)
ALTR(T)

N ALTB{3)

' - ALT
R (4)
BN
:F
Slﬁ\

r I 1



8-3 Evaluation of Bridge Deficiency Rate
8-3-1 Determination Of Significance (Weight) Used For Deficiency Evaluation
1) The absolute evaluation value for each evaluation ifem

The significance of each bridge segment and deficiency used for bridge deficiency
evaluation was determined through the questionnaire survey by three engineers from
Chile and three engineers of the survey team. The significance was determined in such
a way that opinions of the above engineers on the significance of deficiency evaluation
of each segment and deficiency were collected using S-grade absolute evaluation
criterion as shown in Table 8-10. The obtained mean weight value was determined as
the absolute evaluation value for each segment and deficiency. Such absolute values
for each evaluation item are as shown in Table 8-12.

Table 8-11 Absolute Value for Evaluation Items

Rank Definition

1 Not significant
2 Slightly significant
3 Significant
4 Considerably signiﬁéant
5 Extremely significant

2) Computation of significance (weight)

Deficiency evaluation was performed using Analytic Hierarchy Process. The Process
facilitates the computation of the significance (weight) of all the evaluation items by
obtaining a vector value for each evaluation item using a relative value of each
evaluation item as shown in Table 8-11. Relative evaluation values are computed
from the aforementioned absolute evaluation values using the following expressmn

IR(A:B)=I(A)-I(B}+1

IR (A:B): Relative evaluation value for Ato B
1(A): Absolute value for A
1(B): Absolute value for B

Where, when [ (A) < I (B),
IR (B:A)=1/[IR(A:B)]

For example, when an absolute evaluation value for a given evaluation item A is 5,
and an absolute evaluation value for a given evaluation item B is 3, a relative value
for AtoBis5-3+1=3. On the other hand, a relative value for Bto Ais1 /3.

The absolute values for each bridge segment and deficiency thus obtained are as

shown in Table 8-12. The significance {weight) for each evaluation item obtained from
the said absolute values is as shown in Table 8-13.

—252—



Table 8-12 Relative Value and Weight for Each Bridge Segment

Appurtenances Superstiucture Substructure  Vector value Weipght

Appurtenances 1 1/3 1/4 0.437 0.122
Superstructure 3 1 1/2 1.145 0.320
Substructure 4 2 1 2.000 0.558

3) Deficiency evaluation

To evaluate the significance of each segment of a bridge, the evaluation items are
divided into three strata as shown in Figure 8-7: The first stratum includes the
superstructure, substructure and appurtenance, three main components of a bridge.
The second stratum includes all the individual segments of a bridge as shown in Table
8-2, IB Chart. The third stratum includes the deficiency of each segment. The
deficiency evaluation values for each stratum can be obtained by the integration of
evaluation value for the lower stratum.

Accordingly, the overall weight (W) can be computed from the following expression.

W=WI1*W2*W3 :

where: W1 =the weight for the first rank
W2 =the weight for the second rank
W3 =the weight for the third rank

The deficiency evaluation value for the entire bridge can be obtained from the
following expression. o

R =Y (Wix I

where
R: - Evaluation value for the entire value
.Wi: Waeight for each segment obtained from stratum analysis.
li: Evaluation value for the degree of deficiency determined at the time of

bridge inspection.
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Table 8-13 Absolute Value for Deficiency of Each Segment

Bridge Deficient 9
segments segments 3 4 5 6
‘Pavement  Cotrugation  Rutting Craéking Depression  Others
3.5 3.0 3.0 4.2 4.0
Appurtenances Handrai! = Deformation  Rusting Corrosion " Cracking Stripping Others
2.5 24 2.6 4.0 . 2.8 34
"Expansion  Abnormal . : ' .
jqi::t sound Leakage Deformation  Settlement Clogging Others
20 3.7 3.0 28 3.4 38 3.6
_ - Unidirectional Bidirectional i Reinforcing  Honeycomb .
Deck cracking’ cracking Smp PIng bar exposure  cavity Free lime
40 3.0 49 4.0 3.6 3.0 38
Cross beam . .o Cracking &
(Steed) - Rusting Corrosion Deformation - Joint failure Stripping
33 26 4.0 32 4.6 42
Main beam . e " e Cracking & -
(Stecl) . Rusting Corrgsion Deformation Jomt.fallure Stripping
45 28, 4.6 3.6 42 4.6
‘Cross beam Unidirectional  Bidirectionat Striopin Reinforcing ~ Honeycomb Free lime
(Concrete)  cracking cracking pping bar exposure  cavity
Superstructure 32 26 38 3.2 3.8 26 36
Main beam  Unidirectional * Bidirectional . Reinforcing  Honeycomb o
{Concreté) cracking cracking Stripping bar exposure  cavity Free lime
4.7 2.8 40 3.4 42 32 3.6
L . Appurtenance - Anchor bolt  Shoe seat Abnormal
Bearing Body failure failure puli-out - failure displacement Others
3.0 4.5 3.0 38 3.6 2.8
Painting  Discoloration  Rusting. Swelling Peeling Others
25 1.8 30 3.4 3.8
o e Unidirectional - Bidirectional _ Reinforcing ~ Honeycomb T
Geber cracking °  cracking Stipping bar exposure  cavily - Free lime
4.0 4.8 26 34 4.0 38 34 34
. .. Shoe seal . Differential
Abuptment Body cracking disorder Parapet failure settlement Scour Others
Substructure 4.8 32 78 3.0 4.8 4.4
- _ © . Shoe seat ... Differential
| Piet Body cracking . oo Parapet failure settloment Scout Others
5.0 50 32 3.0 3.4 4.6 50




Table 8-14 Significance (weight) for Deficiency of Each Segment

Bridge

Deficient

segments segments 2 3 4 5 6
Pavement  Corrugation  Rutting Cracking Depression Others
0.373 0.161 0.161 0.362 0.315
Appurtenances Handrail Deformation  Rusting Corrosion . Cracking . Stripping Othets
0.192 0.120 0.138 0343 . 0160 0.239
Expansion ~ Abnorma Leakage Deformation  Settlement - Clogging Others
joint sound
0.122 0.435 0.151 0.131 0.204 0.276 0.238
Deck Umdl.recuona! Bld:r'e':cuone_ll Stripping Reinforcing Hon.teyco'mb_ ' Free lime
_ cracking cracking _ ~ bar exposure  cavity
0.171 0.106 0.219 0219 0.162 0.106 0.188
Cross beam . . : , e Cracking &
(Steel) Rusting Corrosion Dgformauon Joint failure Stipping
'Main beam . . : Ce Cracking &
(Steel) Rusiing Carrosion .Deformauon ~ Joint failure Stripping
Cross beam  Unidirectional  Bidirectional Strippin Reinforcing.  Honeycomb ' Free lime
{Concrete)  cracking cracking .pp g bar exposure  cavily . ee
Superstructure 0.177 0.099 0.228 0.149 0.228 .0.099 0.197
Main beam  Unidirectional - Bidirectional Strippin Reinforcing = Honeycomb Free li;ne
{Concrete) cracking cracking pping bar exposture  cavity
0.295 0.095 0.220 0.143 0.252 0.124 0.166
i . Appurtenance Anchorbolt  Shoe seat Abnormal
Bearing Body failure faijure pull-out failure displacement’ Others
3.0 4.6 30 38 36 28
Painting . Discoloration Rusling Swelling Peeling Others
Gerber Urud:'recuonal Bldm?ctmnal Stripping Remforcmg Hor_leyqomb Free lime
eracking cracking . barexposure  cavity
0.320 0.103 0.069 0.154 0.240 0.209 0.154- 0.154
' . Shoeseat . Differential
Abuntment Body cracking disorder Parapet failure- settlement Scour . Others
Substructure 0.490 0.139 0.106 - 0.121 0.352 0.281
. . Shoe seat . Differential ' -
Pier Body craf:klpg disorder Parapet failure settlement Scour Others
0.558 0.510 - 0.121 0.106 0.139 0.281 0.352

Neote) 1. Lower column : Significance (weight) _
2. As the weight varies depending on the combination of deficient segments, RC bridge with gerber is given here as an

example.
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8-3-2 Determination Of Deficiency Rate

In this survey, deficiencies are rated into five grades as shown in Tables 8-15 and 8-16.
In the phase of deficiency evaluation, however, the product of a weight for each
segment and an evaluation rate determined at the time of bridge check is recognized as
a deficiency rate. In order to facilitate the determination of repair priority, this value
was ranked into five grades through a statistic approach.

In this-survey, the da_ta distribution characterlstlc obtained from deficiency evaluation
was verified by the following expression,

B(X) =exp (-exp (-a (X -u))

where

£ (x) : cumulative distribution of x (deficiency rate)

a: Inwverse scale indicating the width of dispersion of random variable x
u: The maximum characteristic value for random variable

The deficiency rate can be obtained by using this probabilistic distribution. When the
deficiency rate is computed. Refer to Figure 8-8.
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Dates Reales -— Doble Exponencial

Figure 8-9 Deficiency Evaluation and Deficiency Rank

Table 8-15 Rank for Deficiency of Bridge

‘Rank Definition

1 Not deficiency

2 Slightly deficiency

3 Deficiency

4 Considerably deficiency
5 Extremely deficiency
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Table 8-16- Rank for Scouring of Foundation -

. Rank

" Definition

- Not Scouring,

Slightly scouring |

Scouring

‘Considerably ‘scouring -

QL b Q3 | ] e

Extremely scouring



8-4 A priority Determination System for Bridge Repairing and Reconstruction
_8-4-1_ An outline of the determinatibn system

The evaluation items required for the priority determination of bridge repairing and
construction vary depending on the regional characteristics, the structure of a
managing organization and the aim of management, and so does the significance
(weight) of "each evaluation  item. Besides the results of deficiency evaluation,
evaluation items required ~for the priority determination of repairing and
reconstruction and their significance rate were considered.

Various ideas have so far been proposed on the method of priority determination of
repai_r'ing. In this survey, evaluation items that are’ independent from each other and
have an effect on repairing and reconstruction priority have been included in the first
-evaluation level: Further in the second level, additional items have been prepared for
the more detailed evaluation of the items in the first level. An evaluation technique
with hierarchical structure that allows the consideration of the significance in each

level has'been employed.

The total weight of each item is to be set 50 as to become equivalent to or to exceed the
weight possessed by each item of the upper level. For example, the structural condition
deficiency is assumed to be an evaluation item of the first level with a weight of 50.
Assuming that a deck, a superstructure and a substructure are set to be lower level
items by which the said deficiency is evaluated. In this case, a deficiency evaluation
value obtained by the multiplication of an evaluation value and it weight, as described
in “8-3 deficiency evaluation of bridges”, does not adequately represent the priority and
urgency of repairing, '

For example, in comparing two bridges, one with a critical deficiency in the
substructure which requires an urgent countermeasure, and with a minor deficiency in
the deck and superstructure which requires no immediate repairing; the other bridge
with a .defiéieh’éy evenly in the deck, superstructure and substructure which,
nevertheléss, requires no urgent repairing, the former may presenl a lower value in
terms ‘of overall deficiency evaluation. Tor that reason, a weight for each evaluation
item was set in such a way that a deficiency and malfunction in key items would be
reflected in the overall evaluation with a greater value.

8-4-2 Eva'lua'ti(_).n items and their weights
1) Stractural condition deficiency (D ee)
- a. Deck condition deficiency - (C d 1
b. Superstructure condition deficiency  (C d 5)
¢..Substructure condition defic_iency (Cdi)
2) Load capacity deficiency (D cc)
| 3) Functiqnél;_coﬁdition deficiéncy (Def)
a. Clear deck width deficiency ~ (Caw)
b. Vertical clearance deficiency (Chu)

4) Structure type deficiency (D td)

=250



5) Remaining life deficiency (D vu)

6) Geographical condition deficiency . {D pe)
a. Water way adequacy (C de)
b. Deck geometry deficiency  (C t¢)

The hierarchical structure of the above evaluation 1tems, together “with  their
51gmf1cance (we1ght), is as shown i inT able 8-17.

In the above mentioned Table, the evaluancm value of the evaluation items having no
second level items such as “load capacity deﬂclency ”, is entered as the first level value.

Meanwhile, as for the items having second level items such as “structural ccondition:
defmency ¥, the sum of the second level items is entered However, the sum, of the
second level items can not exceed the sxgmflcance (weight) set to the first level items.

Take “structural condition deﬁcnency " for example, Suppose in the second level
evaluation items, deficiency in the deck, superstructure and substructure are 50, 40 and
30 respectwely The sum- of those values are 120, which is evaluated as the highest
order of 100 in the structural condition deficiency. Accordingly, even if the other
segments in the second level evaluation items are determined sound, indication of
remarkable deficiency in a specific segment

Evaluation items and their we1ghts have been determmed after consultatmn w1th-
MOP, however, the evaluation results have not yet been obtained. It is assumed that
further consideration is necessary on the weight sethng after completion of the system.

Table 8-17 Synthetic judgment of Repair Priority

Item ' - Level 1 Level 2.
1) Structural condition deficiency 111 S
a. Deck condition deficiency | o 50
b. Superstructure condition deficiency _ .50
“¢. Substructure condition deficiency = “50 -
2} Load capacity deficiency 40
3) Functional condition deficiency 30
a. Clear deck width deficiency = 20 -
b. Vertical clearance deficiency N 10
4) Structure type deficiency . - 30
5) Remaining life deficiency 10
6) Geographical condition deficiency 20
a. Water way adequacy - 10
b. Deck geometry deficiency . .20

Total Evaluation . 230
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8-4-3 Evaluation Method :

Although various expressions have so far been studied to determine evaluation levels,
among them we decided to employ the most simple complementary expression. This is
due to the fact that presently in Chile, the structure standard of the road(width,
alignment regulation, load etc) is not strictly set, and that the obtained data is not
accurate enough to necessitate compllcated expressions. It has also been concluded
that the expression would provide enough data for an administrative judgment.
Refer to Table 8-18 for evaluation value of deficiency.

1) Structural condition deficiency
Dee = Cdl + Cds + Cdi < 50
where : S .
Cdl : Cdl max -k {Cdl max = 40)
Cds : Cds max - k (Cds max = 50)
Cdi : Cdi max -k (Cdi max = 50)

Table 8-18 Evaluation Value for Deficiency

Evaluation value Coefficient k Cdl Cds  Cdi

i 0.0 0 0 0
2 0.1 4 5 5
3 0.3 12 15 15
4 0.7 28 35 35
5 1.0 40 50 50

2) Load capacity deficiency
Dee =Pec-(1- Cem [/ Cdr ) < 40

where :
Pec:  The maximum evaluation value for load capacity defmency Pec =40

Cem:, Load capacity deficiency of an objective bridge (1)
Cdr: Load capacity required for design (t)
Table 8-19 shows the design load by road chssﬁmahon

Table 8-19 Design Load by Road Classification

Road classification Designed load

Expressway HS20-44420%
National highway A HS20-444+20%
Principal localroad- B HS20-44
Local road C HS20-44
Regional road D HS15-44

U

~ Urban road




3) Functional condition deficiency. Refer to Table 8-20.
Def = Cau + Chu < 30
where :
Cau: Cleat deck width dehc;ency (Cau max =20)
Chu: Vertical clearance deﬁc:ency (Chu max = 10)

a. Clear deck width deficiency evaluation

Cau =Pac - (Ar- Ae)/(Ar- Ama) <20

where : :

Pac: The maximum value for clear deck width deficiency evaluation (PaL:2O)
Ar: Designed clear deck width (m)

Ae: Existing bridge width (m)

Ama: The minimum réquired width {(m)

Table 8-20 Designed Road Width

- (Unit : m)
Road classification ]liemgned width  Minimum width
r Ama
Expressway 27.0 26.0
National highway 13.0 11.0
Principal local road - 11.0 8.0
Local road 10.0 8.0
Regional road 9.0 8.0
Urban road — _
2. Vertical clearance deficiency. Refer td Table 8-21.
Chu = Phu - (Hr - He) / (Hr - Hma) < 10
where : _ : .
Phu: The maximum value for clear deck width deficiency evaluation (Phu=10)
Hr:  Space required for design (m)
He:  Existing vertical clearance {m) -

Hma: The minimum required vertical clearance (m)
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Table 8-21 Road Clearance .
_ (Unit : m)
Road classification lA)esigne(l space  Minimum space

r Ama
Expressway 5.0 4.7
National highway 5.0 4.7
Principal local road 5.0 4.7
Local road 50 4.7
Regional road 50 4.7
Urban road 5.0 4.7

4) Structure type deficiency evaluation. Refer to Table 8-22.
Dtd = Ptp - Ktp < 30
where :
Pt p: The maximum value for structure type defluency evaluation (Ptp=30)

Kt p: Evaluation factor for each structure type

Table 8-22 Evaluation for Structure Type

__Structure type - Kip
Fink truss type bridge L0
Suspension bridge 1.0

“Timber bridge 0.6
Gerber bridge . - 03

Lattice truss type bridge 0.2

5) Remaining life deficiency evaluation. Refer to Table 8-23.
Dyr =Pyr --_( 1-(Vu-Ep)/10) <10
where :

D v r: The maximum value for zemalnmg life deficiency evaluation (Pvr=10)

Vu: Life (years)
E p: Age (years)
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Tablé 8-23Remaining Life of Bridge

Construction materials - Vu

- Steel _ 40
Concrete 50
Timber 8
Stone 56 (Notp) Bridge life is determined
Block (Brick, etc) 30 by the material having the

shortest life used for the
substructure, main girder and
- deck. IR

6) Geographical condition deficiency. Refer to Table 8.24.
Dpé = Cde + Cic
where : _ : o S
Cde: Water way adequacy (Cde max = 10)
Cte: Deck geometry deficiency (Cte max = 20)

A. Water way adequacy evaluation

Cde = Pes - (Ac- Lep) / (Ac- Lmp) <10

where : . _ B _
Pes: The maximum value for water way adequacy evaluation
Ac: River width -

Lep: Existing bridge length

Lmp: The minimum required bridge 1engtix
B. Geographical condition deficiency evaluation
Cte = Pte - Kte <20
where . _ S
Ptc: Th(; tlgtza;(i);num value for geographical condition deficiency evaluation ._

Ktc: A factor for geographical condition deficiency evaluation (T t)_' _

Table 8-24 Evaluation Value for Géographiéal Cbndif_ioﬁ :

Evaluation value Tt - Ktc -
0.0
0.2
04
0.7
‘1.0

o b B e
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A gep'graphicai condition deficiency evaluation value (Tt) is determined from the
relationship between a longitudinal slope of a bridge or an access road and a
plane curve as’ follows,

CTt=Tp+ Tc< 5

where ; : :

Tt:  Road alignment evaluation value ( Tt max = 5)
Tp: Longitudinal slope evaluation value (Tp max = 2)
Tc:  Plane curve evaluation value (Tc max = 5)

a. Longitudinal slope evaluation value Tp. Refer to Table 8-25.

Table 8-25 Longitudinal Slope Evaluation Value

The sum of longitudinal slopes  Evaluation value Tp

0% < Pe < 2% 0
2% < Pe < 4% i
4% < Pe < 6% 2
6% < Pe < 8% 3
8% < Pe 4

b. Plane curve evaluation .value Te. Refer to Table 8-26.

Te =5 (Cr- Ce) / (Cr - Cma) < 5

where : - : :
Ce:  aradius of curve of an existing bridge (m)
Cr: Designed radius of curve {m)

Cma: The minimum radius of curve (m)

. Table 8-26 Plane Curve Evaluation Value

(Unit : m)
Road classification  Designed speed  Radius of curve  MEmimum radius
Expressway 120 km/H 700 530
National highway 110 km/H 530 400
Principal local road 110 km/H 530 400
Local road 80 km/H 240 | 125
Regional road 60 km/H 125 55
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Chapter 9 Conclusion And Recommendation
© 9-1 Conclusion |

The Study on Rehabilitation and Conservation Program of Bridges was proceeded
with the inspections of 256 existing bridges in total, 246 bridges among those on the
National Route § and 10 bridges selected on the arteries branched out of it. Based on
the results of inspections, a faitly comprehensive bridge inventory register was
prepared, 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, preparation of a guideline for ‘bridge maintenance
inspection, and- development of a micro-computer system on bridge maintenance
management were undertaken. ' :

{1) Bridge Inspection and Rehabilitation Planning

Because of the reason that the design documents of the existing bridges subjected for
inspections were not kept at the Ministry of Public Works, measurement of the major
dimensions and photographing of the bridges and their surroundings were carried out
at time of inspections, along with drawing of their general designs. By that way, a
‘bridge inventory 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 bridge maintenance activities of the ministry in the
future. It is suggested that similar type of data collection and compilation of the
existing ‘bridges on the regional roads to be a proper bridge register will greatly
contribute to the bridge maintenance activities and their rehabilitation planning in the
future. S

Among those bridges inspected on the National Route 5, the bridges which were
evaluated to be of defective degree rankings 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 estimated costs of rehabilitation works amounts to Chilean

- Pesos- 4,000 million, It is to be pointed out that the proposed rehabilitation plan is

intended to restore the originally required function 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 detailed studies with different approach.

Many -of the bridges included in the rehabilitation plan are quite widely ranged from
~very old ones to lately constructed ones. This means that there are great differences in
the design concept and design specifications like design load, ete,, 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 completion being kept at the administrative
offices concerned, verification as to whether the deformations were caused at time or
after the bridge construction was found to be very difficult. :

- Judging from these facts, for the future planning of development, improvement and

maintenance of the bridges on a certain road network, consistency gnd ‘integratidn in
the design 'c‘()'ncept“andrstandards would be necessary, in close coordination with those
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