{10)River bank

Except for a few overpasses and viaducts, most bridges in

Malaysia span over waterways or rivers.

In this condition, these

bridges are susceptlble to various damages caused by the river

flow.

 Many. rivers in Malaysxa are naturally scour- pronp and allu-

vial channels, in particular,

location. The scour-prone

will undermine bridge

have a tendency to shift their

foundations

and shifting alignments will result in advance erosion of the

river bank and bridge foundation.
where water-borne debris is abundant,
damage

results and causes serious
well as the foundation.

Moreover, under conditions
channel blockage frequently
to the superstructure as

Although other types of structural damage are more apparent
and spectacular, maintenance operation concerning river banks and

river beds is egually important.
Probien

{a)Local bank erosion: This
defect is defined as localized
removal of river bank material
by streams and tidal currents.
It may occur naturally as the
result of channel constric-
tion or changes in the flow
pattern. The local erosion
indicates the possibility of
‘serious erosion which could
occeur during floods. {Refer to
Photo-19) .,

"(b)Slope protection failure: It
is a result of the scouring or
erosion against the footings of
the slope protection, mostly
made by grouted riprap. Most of
the cases at present are likely
to be caused by inadeguate
footing depth and/or poor
mortar in the riprap. It is
important to repair the defect
within the earliest time,
otherwise the failure becomes
critical and eventually effects
the stability of the abutment.

(Refer to Photo-20).

Correction

- This problem can be solved by

the provision of wiremesh
gabions, dumped stones or
piled walls depending on the
s0il condition, scale of the

erosion and the river.

Photo - iQmBank erosion

‘It is essential to install a

solid footing with at least
1.0m of depth from.the slcope
end. The other damaged portion
should be repaired by grouted
riprap and the mortar mix ratio
of cement and sand should be 1
to 3.

Photo - 20 Slope pfotection

failure



(¢)Dense veagetation: Dense
vegetation on the waterway
glope could lead to clodgging of
the bridge opening or waterway
clogging by plant accumulation.
In addition to this, dense
vegetation beneath the bridge
causes poor accessibility for
bridge inspections.

(8)Illeqgal waste disposal: It
has been observed that rubbish,
debris or other solid waste
materials have been dumped on
bank slopes adjacent to the
bridge. (Refer to Photo-21}).
Excessive accumulation of these
materials on the hank could
cause closure of the bridge
opening, water pollution and
insanitary conditions for the
public.

{(e)8hack or pen under bridge:
Illegal occupancy under the
bridge, shacks or pens cause
blocking of the water way.
(Refer to Photo-22).

Grass and plants growing in the
area within the river width and
at least 10m up and down stream
from the bridge shall be cut
periodically to provide smooth
flow and easy access for in-
spections.

Rubbish, debris and other
foreign material must be re-
moved. It is recommended to
provide prohibition signpodsts
on the river bank after clean—
ing work is completed.

Illegal waste dis-
posal

Photo ~ 21

Any illegal facilities under
the bridge must be taken away,
and prohibition signboard shall
be installed.

Photo'— 22

4.4 Hanagement and implementation

In bridge maintenance, it is essential to effectively manage
the bridge maintenance activity and to correctly implement the
bridge maintenance work at the job site. However, a successful
management and implementation of bridge maintenance rely on the
organization and method as well as the staffing and their capa-~
bility.

Therefore, this section presents the overall organization,
linking Federal and District levels, implementation method of the
bridge maintenance work and the maintenance team's organization
and staffing.

4 —-20



(1) Schematiec Flow of Bridge Maintenance

In principal, the maintenance program shall be formulated by
the Bridge Unit based on the results of inspections carried out
by the District offices. The maintenance operation shall be
standardized from technical and economic view points at Federal
level. For these purposes, schematic flow of the bridge mainte-
nance, which is part of the overall schematic flow of the bridge
" management drawn in Figure 2-8, is depicted in Figure 4-5. It
highlights the close relationships between: bridge maintenance
programs. and inspections, maintenance operation and maintenance
records, maintenance records and maintenance standardization.

Figure 4-5 Schematic Flow of Bridge Maintenance
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The concepts of above the schematic flow are as follows;

The various types of information and data on the inspections
shall be sent to the Bridge Management Section of the Bridge
Unit in JKR HQs, for updating data in the BMS and, in par-
ticular, for decisions on the maintenance program, type of
operation to be carried out and financing.

The Bridge Management Section shall assess the data and
information using BMS and reach appropriate decisions to
implement the maintenance operation effectively and timely.



The decision as to the maintenance program and operation
with the financial arrangement will be forwarded to respec-
tive District Offices for implementation. This centralized
arrangement indubitably demonstrates the importance of a
connon language for implementation of rational and uniform
maintenance policy.

Furthermore, the maintenance record must also be forwarded
to the Bridge Unit that will process this data in BMS in
which it will be used as a basis for future rationalization
of maintenance programs and operations with regards to the
technical and economic aspects.

{2) Haintenance Operation

The maintenance operation is under the responsibility of
respective JKR District Offices representing the District Engi-
neers. The operatlon shall be carried out on a force account
basis, i.e.the work is lmplemented by staff belonging to the JKR
Digstrict Office. Therefore, the District 0Offices are reguired to
increase their resources and technical capacity related to
bridge maintenance.

To this end, the maintenance team depicted in Figure 4~6
shall be organized in each District Office to carry out bridge
maintenance. In the maintenance team, at least the superintendent
and technicians shoulé@ have some knowledge of the structures and
technigues as well as multi-discipline of the maintenance works,
because the guality of the work depends on the skill and tech-
nigues of the staff.

Figure 4-~6 Propeosed Organization of the Maintenance Tean

Dristrict Engincer

Supcrintendent

il i

Common Safery Special
Foreman Supcrvisor Foreman

Common i Inspection ' Skifled
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I Flagmen h_l
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: Res it - ati 8
m ponsible for maintenance opcration and removal works.
E:] t Ficld maintenance team .
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. : Number of laborers depending on the work volume pratching, minar reinstallation & replacement works.
r‘ ‘ 1 ifrequired
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CHAPTER 5 BRIDGE REHABILITATION

5.1 General

At present in Malay51a, there are about 4500 bridges. The
aging of these bridges is one of the most potentlal problems
While the rapid growth of total traffic volume and an increase in
the traffic loads require widening of the bridge carriageways and
an increase in the bridge load-carrying capacity, respectively.
Furthermore, river water and air pollution could generate bridge
materials deterioration due to chemlcal attack, chloride attack

and carbonation.

Consequently, with the accumulating number of bridges,
1ncrea51ng traffic, both in terms of volume and load, and aggra-
vating environmental conditions lead to serious problems such as
loss of traffic safety, reduction of structural safety and an in-
crease in the government expenditure for bridge replacement.

In order to prevent those problems, rehabilitation and
strengthening of the bridges are required. These are only part
of a broad panoply of the measures including inspection and
maintenance.

In this context the objectives of rehabilitation and
strengthening are as follows;

-Preserving, serviceability and loading capacity for as long
as possible;

~Achieving economy as regards present and future costs;
-Assuring the safety of road users;

-Minimizing interference with traffic;

-Providing adequate rideability and travel comfort.

Taking into account the above background and objectives,
rehabilitation and strengthenlng are generally the technical
aspect of repair which is remedial in nature while maintenance
can be considered as the technical aspect to upkeep the bridges
which is preventive in nature.

In this manual, "Rehabilitation" is defined as restoring the
bridge to the service level it once had and "Strengthening" is
defined as endowing the bridge with a service level higher than
that initially planned. From the manner of the implementation,
those works can be classified as a work which will be carried out
by speclalized contractors.

It should be emphasized that during the normal life cycle of
a brldge, frequent maintenance operations are requisite so that
rehabilitation works that are relatively costly could be mini-
mized. These two types of activity are complementary to ensure
long life spans. Furthermore, they are interactive in so far as



inadequate maintenance accelerates the frequency of the rehabili-
tation work.

$.2 General Rehabilitation Planning

In rehabilitation planning, it is essential to diagnose all
the defects from structural, functional and hydraulic view
points, which should be detected during the detailed inspection.
The ¢orresponding reasons for the defects should also be assessed
so that a suitable rehabilitation method could be selected to
effectively rectify them.

General flow of structural rehabilitation planning is de-~
picted below :

Figure 5 1 Genaral Flow of Structural Rehabilitation Plannlng

[ L) - S (2
' Material Defect - Loadmg Capacity Defect l.

1
| Siructur‘ai Defects |

[ Diagnosis of Defects |

[ Assessment of Corresponding Reason

Selection
of
Aehabilitation
Method

| Determination of Construction Period & Timing_|

Note /1 is detected in the detailed inspection.
{2 is identified in the analytic assessment.

5.2.1 General Selection of Rehabilitation Method

In the selec_:tion of a rehabilitation method, several possi-
ble rehabilitation alternatives shall be evaluated from the
following aspects and the most suitable method and material to be
applied shall be selected accordingly. :



@ Structural Aspect : = Type, degree and extent of a defect and
its corresponding reason.
Location of defective member.
Environmental condition of brldge site.
Effect of adjacent construction.
Working space.
Accessibility of construction materials
and equipment reguired.
Means of traffic control.
Environmental effect (Noise, Vibration
and water pollution) '
Safety measures,

~ Suitability to existing structure.
Fitness of surrounding area.
Cost minimum.

B working Aspect :

B Aesthetic Aspect :

B Economic Aspect :

In general, the defects and the corresponding rehabilitation
method for concrete structures are more complicated than those of
steel structure. Therefore, a relationship diagram between
concrete defect together with several reasons and the possible
rehabilitation methods is shown in Table 5-1 as a guide.

5.2.2 General Repair Material

In bridge maintenance and rehabilitation work, many chemical
products are frequently used in addition to general bridge mate-
rials such as concrete, structural steel, P.C cables and rein-
forcement bar.: Theretore, this subsection presents general
characteristics of the repair materials applicable in the reha-
bilitation work, while requlrements for the general bridge mate-
rials can be refered to in the "“Standard Specification for Road
Work™ (JKR/SPJ/1988).

, The repair materials are broadly divided into resin based
material and cement based material. The Resin Based is sub-
divided into four groups consisting of epoxy, polyester, polyu-
rethane and rubber/asphalt group. The general characteristics
and effectiveness of each group material are tabulated in Table
5-2.

Tsble 5-2 @General Characteristics and Effectiveness of
Each Resin Based Repair Material

Rubber /
o vl relprewene A
i Group
Adhesivebility © O O A
Flexibility A A o O
Durability ® (@) O e
Workability O O O ©
Waterproofing %) O O D
Alkali-Resisting o) > O A
Shrinkage None Large Small Large
Economy A O C (@)
Legend @ Very Good
O Good
Ja Fair
¥ Bad

W
|
o
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out of the four groups above, epoxXy resin 1ig normally ap-
plied in the bridge rehabilitation work. Furthermore, a more
flexible epoxy resin has been recently developed but it is not
suitable for use in strengthening work.

In applying resin based material, the wet ground material
reduces the adhesion and causes exfoliation. Thus the ground
material should be thoroughly dry before applying the resin
material. In the case of wet ground material, cement based
material shall be applied.

The cement based material is subdivided into polymer cement
slurry, polymer cement paste, polymer cement mortar, cement
filler and expansive cement grout. Most of the cement based
materials have relatively strong adhesive to the wet ground
material but in the case of dry ground material, freguently it
causes exfoliation . due to shrinkage. At present, the cement
based materials are inferior to resin based materials especially
from workability and shrinkage view points.

It is essential to select a material, which is best suited
to the rehabilitation method, with the following general charac-
teristices

Good workability

Advantegous quality meeting rehabllltatlon purpose
Strong adhesion to existing concrete surface

Farly hardening and minimal shrinkage

Adeqguate alkali-resistance and durability

Table 5-3 General Relationship biagram Between Applicable Repair
Material and Rehabilitation Method

. . , . : , Protegtive
Type of Repalr Material Injection| Patching| Coating
Resin Mortar o 0.
. Epoxy Resin o o
Resin - :
B a Flexible Epoxy Resin o o
ase
. Elastic Sealing
Material; Compound O o
Coating Elastic
Membrance 4]
. Polymer Cement Slurry o
Cement : '
5 g Polymer Cement Paste - _ o
ase
\ Polymer Cement Mortar o
Material :
cement Filler ]
Expansive Cement Grout o]

o t Means applicable



General application of the above mentloned materials to the
corresponding concrete rehabllltatlon mothod is tabulated in
Table 5-3. . : _

5.3 Rehabilitation Techniques

The rehabilitation techniques covered in this Manual are
broadly divided into three categories comprising of structural
rehabilitation, functional rehabilitation and hydraulic rehabili-
tation. The structural rehabilitation is to rectify a deteriorat-
ed / damaged brldge member or to strengthen or replace a bridge
member which is seriously damaged or has 1nadequate load carry-
ing capacity. While functional rehabilitation is to improve the
bridge function by w1den1ng carriageways to increase traffic
capa01ty, adding sidewalks in terms of pedestrian flow capacity,
ralslng brldge grade or extension of bridge length from bridge
opening capacxty view p01nt Hydraulic rehabilitation is mainly
to protect river banks or river beds in the vicinity of abutments
and river piers. : :

: The following subsection presents appropriate rehabilitation
techniques divided into the above three categories.

5.3.1 Structural Rehabilitation Technigues

The structural rehabilitation techniques are broadly subdi-
vided into three categories comprising of protectlon,
strengthening and replacement. Each category has various
rehabilitation methods depending on the type of defect, its
extent and degree as well as the cause of the defect. The
followings are general criteria to distinguish the rehabili-
tation methods against the corresponding type of structural
defects consisting mainly material deterioration defect and
load carrying capacity defects.

(A)Protection technigue is applicable to a bridge member
which has adequate load carrying capacity but which has
minor material deterioration defects including inactive
cracks due to shrinkage, creep or temperature or some con-
struction deficiencies such as honeycomb, flaking, water
stain etc.

In the protection works, application of a specific rehabili-
tation technique depends on the type of defect, its extent
and degree as well as the cause of the defect. Each type of
rehabilitation technique together with the corresponding
application criteria is tabulated in Table 5-4. The drawing,
work sequence and indicative specification of each rehabili-
tation technigue is tabulated in the succeeding pages.



Table 5-4 Protection Technigue and

Oriteria

Corresponding Application

Rahabilitation Plan

Method

Application Criteria

o Frotection worlt to concrate

membar

Infection

=]

<]

Qo

Cracis are nol active and s sudace widh

is more than 0.2 mun, but less than 3.0 mm.

Reason of the crack appearance is due {o

shrinkage, creep of concrele, eic.

No water I2ak and no liquid rust.

No carbenation and ho chloride attack.

(1) : It surface crack width is mora than 3.0mm,
apply cemant paste injaction

{2) : If crack surface is wel dua to walter leak,

apply expansive coment grout.

Fatching

Q [+] o

o0

Dsfects such as haneycomb, flaking, cavity etc.

are notaciive.

Aeason for these defects are mainly dua to inferior
concrate of poor workmanship, of dus to trafiic collision.
Minimal carbanation, no chloride attack and no

water leak.

Adequaie' cancrete cover.

Defective area is scattered.

In case that the cavity due to scaling, etc. is relatively
small and shalfow, apply epoxy resin based material

as a repair material, but it the cavity is extensive and

and farge, use polymer cement mortar from an economic
view point.

VGuniLing

Piotective Coagﬁa

o

o

Cracks of which surface width is less than 0.20mm are
not active. :

Concrete is slightly carbonated.

Minimum concrete caver is inadequate.

No watar leak (or water leak prevention work has bean
completed).

Dafactive afea is extensive.

Cracks are nol active and surface width is tess
than 0.2mm.

No water leaks, no scaling, no flaking.

Minima! carbonation and no choloride attack.
Adequate concrete cover.

Waterproofing

(= +]

Water stain, Fes lime and other associated defeds

are obsairved al slab soffit.

Detects that are not aclive.

Water is penelrating from top of slab through defective
cancreta ar inferior jpints between precast members.

Concrate Lining

Q0

Minimum concrete cover is inadequate.

Wide longitudinal cracks dus to chlorde attack
of rebar coNosion. )

Abrasion of concrete surface or loss of concrele
matrix due to inferior concrate or chemicat attack.

o Protection work to steel

member

o Concrele is carbonaled.
Repainting o Adequale load carrying capacity-
Superstructure o Non--active corosion.

o_Paint deterforation.
]ﬂdding cover plate o Adequate load carrying capacity.

o

Cracking of steel member due to fatigue damage

or stress concentration.

Stress due to total load including additiona! load

is still within allowable stress. ] e

pile

Repainting stesl

[+ -]

Stes! surace is slightly corroded bt load carrying
capacity is stif adequate. )

Bridge is localed at non—severe environmental eonditicn.
No chloride atlack.

Conerete lining
steel member

=]

[+]

Steel surface is considerably corroded but load
carrying capacity is sl adequate.

Bridga is located at severe environmental
condition.

Chloride attack is considesable,

o Protection work to

incidental facility

Extension of
Drainage Pipe

(= +3

The drainage pipe is too short or missing.
The water through the pipe which is improperly
installed splash the structural mermbaers,

Instafiation of
Oiip Chack

-]

Water siain at soffit of canlifever sfab and
external face of beam web.




REHABILITATION PLAN
HETHOD

LT T

INJECTIOR

PROTECTION WORK TO CONCRET

DRAWING :

JTYPE 'B'

(APPLICATION 1 CRACK WIRTH 8
MORE THAN 0.8mm. BUT LESS

TYPE ‘A

tAPPLICATION ' CRACK . WIDTH I8
HORE THAN O.2mm. BUT LESS

THAN 0.8mm.) THAN 3.0mm.} _
CRACK WIbTH | HIECTION FIBE
{mm.t INTERVAL {mm. }
< 0.3 50 ~ |00
| ARPROX. 0.3~ 0.5 100 ~ 200
- omm.
gt e - 0.5~ 1,0 150 ~ 250
e - PR -
i 'ﬁ:_,F- Lo < 280 ~ 300

SEALANT —-SEALART

IRJECTION PIPE

APPLICATION CRITERIA :

" Cracks are
than 3.0mm.

=  Reagon of the crack appearance is due to shrinkage or creep of concrete.

No water leak? and no liquid rust.

= No carbonation and no chloride attack.

aot active and ites gurface width is more than 0.2 mm, but less

(1) :
{(2) =

If surface crack width is more than 3.0mm,
injection.

If crack surface is wet due to water leak,
grout.

apply cement paste

apply expansive cement

WORK SEQUENCE :

any loose weak material on the surface and thoroughly clean and

1) Remo%?
dry the cracks with oil-free compressed air..

2} Sealed the crack surface and marked the injection points. The spacinge
tween injection points shall be ag shown in the table above.

3) Fix the injection pipes into position by sealing its surrounding. area.

4) Commence injection of epoxy resin from either the lowest injection point
in a vertical crack or from either extreme end of a horizontal crack.

5) Remove the injection pipes and seal the holes as work proceeds.

6} Remove the sealing strip when the resin has cured and carry out final sur-

face treatment if reguired.

(1):In case of applying expansive cement grout, dry work is not required.

SPECIFICATION :

1) Epoxy resin material shall comply with the requirement of JIS A 6024.

2) HMinimum material property of epoxy resin shall be as follows :
~Minimum compression strength at 7 days (Test Method: JIS K7208)...60N/mm2.
~Flexural strength (Test method :JI8 K720B). .ttt vrnnnesrovnennsoens 40N fmm2 ,
-Compressive elastic modulus (Test Method: JIS K7208)............3000N/mm2,
-Specific gravity (Test Method: JIS K7112)..uieeiirsesonssnarcannns 1.2%0,2.
~Viscosity (Test Method: JIS K683B)....cvvivieriesivnnnasssonnanas 5000 cps.
-Hardness (Test Method: JIS K7215)}....... taderasasssvercorrerraneess.B80 8D,

3) Injection pressure shall not be more than 40 psi (=3 kgf/cm?}

4) Minimum curing time ©f epoxy resin shall be 24 hours. .




PROTECTION WORK TO CONCRETE
PATCHING

REHABILITATION PLAN
METHOD

DRAWING :

RUST INHIBITIVE. ]
PRIMER .o,

REBAR = EXFOSED
. . SURFAC_E_;_..

WELDED WiRE
MESH

_GONGRETE_ | \ gRiGINAL
SURFACE SONDING AGERT SURFACE
DOWEL BAR tO mam. REPAIR REPAIR Omm.
MINTMUM _OAORTAH . MORTAR MiNIMUM

APPLICATION CRITERIA :

] Defects such as honeycomb, flaklng, cav1ty etc., are not active.

Reason for these defects are mainly due to inferior concrete or poor work-
manshlp, or due to traffic collision.

Minimal carbonation, no chloride attack and no water leak.

Adequate concrete cover.

Defective area ig scattered,.

In case that cavity due to scaling, etc. is relatlvely small and gshal-
low,apply epoxy resin based material as a repair material, but if the
cavity is extenaive and large, use polymer cement mortar from an economic

view point.

WORK SFQUENCE :

1) All spalled loose and defective concrete shalil be removed until sound
concrete ie reached. If rebar is exposed, removal of concrete shall be

_ carried out to a further depth of 20mm behind the rebar.

2) BAil exposed reinforcement shall be cleaned of corrosion by wire brushxng
or other approved meansg to achieve a surface finish complying with BS 7079
second quality, The reinforcement shall immediately be primed with zinc-
rich type primer complying with the requirements of BS 4652 or JIS K 5552-

i

3) Prior to patch repair, dry the concrete and apply a thin layer of concrete
bonding agent.
4) Apply the repair mortar up to thlckness of 10mm in consecutive layer by

gloved hand cor towel.
5% Make good the finished sgurface using a trowel or wood float and smoothen

the completely cured surface with a grinder.

SPECIFICATION :

1} Minjimum compressive strength of repair mortar shall be 40N/mm2
2) Mlnxmum dry £ilm thickness of steel primer shall be 40 microns,




REHABILITATION PLAN
METHOD

PROTECTION WORK TO CONCRETE
GUNITING

- 39

DRAWING @

30~30mm. MINIMUM

' A
o R i L Lo SH I, {...’f:'. LL—W T R E

TO BE REMOVED IF
CARBONATIOH DEPTH >lomm

APPLICATION CRITERIA :

Cracks of which surface width is less than 0. 20mm are not active.
Concrete is slightly carbonated.

‘Minimum concrete cover ig Lnadequate.

No water leak (or water leak prevention work has besn completed)
Defective area is extensive. .

WORK SEQUENCE

1) Roughen the concrete surface by approved mechanical means and clean away
© all loose particles and dirt. If the concrete has carbonated more than

10mm the defective concrete shall be removed.

2) Wet the prepared surface with clean water until saturation but gunltlng
shall commence only when the concrete has surface dry. :

3) Spray gunite mortar with sufficient pressure in an even manner so as to
give a dense and homogensous covering to the surface. It shall be applied
in two or more coats as necessary and the surface of each c¢oat washed
down before the next is applied.

4) BAfter application of gunite, it shall be cured by constantly spraying
water for at least 3 days.

SPECIFICATION

1} Minimum gunite cube strength after 28 days shall be 30N/mm2/Aggr1gate size
ig 10-15mm.

2) cCement for guniting shall be ordinary portland cement conforming to
M.5.522,

3) Minimum gunite thickness shall be 30 - 50 mm.

4} Minimum curing time of gunite shall be 3 days.

In case of applying steel fiber reinforced concrete with high early'stfength

portland cement, standard mix proportion is as follows: )

Steel fiber Water Cement Fine Aggregate Unit Weight (kq/ma)
Content Ratio(%) Ratio(%) Ratio(%) Water <Cement Sand Stee)] Fiber
1.1 4.3 100 187 430 1740 80
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PROTECTION WORK TO CONCRETE
PROTECTIVE COATING

REHABILITATION PLAN
METHOD

e B

DRAWING :

— CRACK <0.2mm

DETAIL ‘A’

ETEL ATTTEEEL:
W Y T LW

TOP COAT
2 LAYERS)
|__PRIMER
(BASE IMPRENATOR)

APPLICATION CRITERIA :

Cracks are not active and surface width is less than 0.2 mm.
No water leaks, no scaling, no flaking.

Minimal carbonation and no chloride attack.

Adequate concrete cover.

WORK_SEQUENCE ¢

1) Clean the concrete surface by water blasting or other approved means to
remove oil, grease, looge particles and other surface contaminants,

2) Allow the concrete to dry and apply epoxy resin primer by rolling.

3) Allow the primer to dry and apply two layers of acrylurethane or polyu-
rethane resin paint as a top coat.The previous coat shall always be al-
lowed to dry before overccating.

4) The top coat shall be stirred well before application and shall be applied
by roller.

SPECIFICATION:

1) Minimum dry film thickness of each iayer of top coat shall be 30 microns
and the standard unit application shall be more than 0.12 kg/mZ.
2) Standard unit application of the primer shall be more than 0.15 kg/m2.




REHABILITATION PLAN PROTECTION WORK 70 CONCRETE

METHOD WATERPHROOFING
DRAWING :
CHLOROPAENE RUBBER TYPE _CHLOROPRENE RUBBER TYPE
ADHESIVE (200} WATER PROOF MEMBRANE (750}
OROPRENE RUBBER_TYPS CHLOROPRENE RUBBER TYPE
igEES|ve {2001 T WATER PROOF MEMDRANE (750}
W? %-MASPHALT PAYEMENT
-
L . .
a--: o - oA N .’._- - - : .
i Py - - he Ed
' oy e T e e T
GONCRETE DECK____—_-_-:- s a = A A B t
SLAB N O [
I T AR PP R A
a7 - -7 - - ~
R o
NOYE:® FIGURE IN [ ) SHOWS STANDARD UNIY RUBBER SOLVENT CONTENT tg/m2).

STANDARUG THICKMESS OF WATER PROOF LAYER I3 0-4 ~ I-5mn.

APPLICATION CRITERIA :

. Water stain, free lime and other associated defects are observed at glab
soffit. .

a Defects that are not active. ’

= Water is penetrating from top of slab through defective concrete or infe-

rior joints between precast members.

WORK SEQUENCE :

Removal of premix on deck by scrapping and milling.
Cleaning of deck surface. by power grinder or other approved means.
Laying of base screed comprising of one part cement and four parts sand by
vo ume uszng steel trowel.
ly two layers of chloroprene rubber type adhesxve and two layers of
goroprene rubber type waterproof membrane as shown in the drawing.
Each layer shall be allowed to cure for 2 hours before the application of
the next layer.
Placing of new prem;x overlay.

G W B Wk
M e et e e

SPECTIFICATION :

1) Shearing strength shall be greater than 0.15N/mm? at 20°C.
2) shearing elongation shall be greater than 1.0% at 20°C.
3) Adhesive strength shall be greater than 0.6N/mm2 at 20°




REHABILITATION PLAN

PROTECTION WORK TO CONCRETE

- as

METHOD CONCRETE LINING
DRAWING : i ‘L

wopfl, |

I
i
T

,1_1'_0

il CHIPPING
EXISTING FACE [{I* 47 28
Bp=0 {1 ~coNcReTe X9
FINAL FAGE 1 147 LiNiNG MEAN W.L

H;f/«ADDITIONAL REBAR =
C T vo AT 3vomm e e
Al ] sornwars

" Mk a.L
- ' " ’;__%_____ .
U F—

. & SYMMETRY
MASONRY MASS CONGRETE N

APPLICATION CRITERIA :

" Minimum concrete cover is inadequate.

Wide longitudinal cracks due to chloride attack or rebar corrosion,
Abrasion of concrete surface or loss of concrete matrix due to inferior
concrete or chemical attack. :
Concrete is carbonated.

WORK SEQUENCE 3

1)

Remove all spalled, 1oose and defective concrete until sound concrete is
reacheqd, breaking out shall expose the full circumference of the rebar and

"to further depth of 20mm behind the rebar if it is corroded.

All exposed reinforcement ghall be cleaned of corrosion products by wire
brushing or other approved means to achieve a surface finish complying
with B.S 7079 second quality.

Apply prime coat within 2 hours after preparing and cleaning of the rebar.
Securely fix additional rebar and anchor bar as shown in the drawing if
required.

Construct the formwork to form a minimum concrete cover of 70mm. Formwork
ghall be sufficiently rigid and tight to prevent the loss of grout and to
maintain forms in their correct position, shape, profile and dimensjon.
Wet all concrete surfaces sufficlently prior to placing concrete.

Place in concrete of grade 30/20 into the formwork.

Formwork shall be removed when the concrete has achieved the required

‘gtrength and shall be immediately cured in accordance with good concrete

practice.

SPECIFICATION :

LN dLNOE
St P st et St o Y Yt

The cement used shall be ordinary portland cement conformlng to M.8.522.
Minimum concrete cube strength at 28 days shall be 30 N/mm2/20mm.
Minimum concrete cover to main reinforcement to be 70mm.

- Bars shall be bent and measured in accordance with B.S§ 4466.

Reinforcement to be weld shall comply with the requirements of B. S 4360.
Welding shall be carried out in accordance with B.S 5135 and B.S 638,

All mild steel and high yvield bar to conform to M.8 146.

Lap length to be 32 x diameter of bar.

Primer shall be zinc-rich type primer complylng with the requlrements of

‘B.S 4652 (1971)

513



REHABILITATION PLAN
METHOD

PROTECTION WORK T0O STEEL MEMBER
REPAINTING SUPERSTRUCTURE

LI ]

DREWING :

/j " DETAIL ‘A’
*
: e p— . . sssimeree——erm e P R IM ER

MIBDLE COAT

DETAIL ‘A’ ﬁ%;ﬁ%f{}f?f;:>i/;/;fC>i;/;<;

| sreel. rLATE

APPLICATION CRITERIE @

Adequate load carrylng capacity.
Non-active corrosion
Paint deterioration.

WORK BEQUENCE

1)

o Lo by
ot S gt

Thoroughly. remove rust,foreign material, oil, grease, loose or peeling
paint and all non-adherent residues from the steel surface by electric
digk sander or other approved means.

Immediately after surface preparation brush’ apply a layer of primer.

Allow the primer to dry and brush: apply a layer of middle coat. -

Finally, brush apply a layer of top coat after the middle ccat has dried

up.

BPECIFICATION :

1)

Normal protective coating.

Primer shall be lead based anti-rust paint complying with the requlrement
of JIS K5622 and shall provide a minimum dry film thickness of 60 mi-
crons.

Middle coat shall be sillcone—alkyd resin based paint and shall provide a
minimum dry film thickness of 30 microns.

Top coat shall be s;l;cone-alkyd resin based paint and shall provide a
minimum dry £ilm thickness of 30 microns.

Heavy-duty coating for severe environmental condition.

Primer shall be epoxy based red oxide primer 1and shall provide a mini
mum dry film thickness of 100 microns.

Middle coat shall be polyurethane resin based paint and ahall provide a
minimum film thickness of 100 micronsa.

Top coat shall be polyurethane resin based paint and shall provxde a

"minimum dry film thickness of 50 microns.

3) Bach layer of coatings shall be of different colours.
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PROTECTION WORK TO STEEL MEMBER
ADDING COVER PLATE

BEFORE REHABILITATION

REHABILITATION PLAN
HETHOD

38 8

DRAWING :

OECK 3LAB
P

ARALHS

<
.__..__] L_

_s1RiNozR

CRO3S REAR

APPLICATION CRITERIA :

= Rdeguate load carrylng capacity.

. Cracking of steel member due to fatigue damage or stress concentratlon,

" Stress due to total load including additional lead is still within allow-
able stress

WORK SEQUENCE :

i) Remove thoroughly paint, rust,foreign material, oil or grease, loose or
peeling paint and all non- adherent residues from both the steel surfaces
where the steel cover plates shall be attached,.

2} Mark the location for the bolts at both the beam and the steel cover
plates apd drill holes in both of them.

3) Attach the steel cover plates to the steel member by using h;ghutens;le
bolts.

4) Painting shall be carried out according to approved methode (refers to
"rapainting superstructure"} -

SPECIFICATION :

1) wWork sequence and quality of the painting shall be in accordance with
"repainting superstructure".

2) All mild steel shall comply with BS 4360 or MS i4e6.

3) Holes for high tensile bolts shall comply with the requlrements of BS-
4604.

4) High tensile bolts shall comply with the requirements of BS~4395 and use
in accordance to B5-4604.
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REHABILITATION PLAN

PROTECTION WORK TO S8TERL MEMBER

METHOD REPAINTING BTEEL PILE
DRAWING :

ﬁ_")\_,y

|

|
- TOP . COAT
MIDDLE COAT
! : PRIMER

?’,hﬁ___h_______

APPLICATION CRITERIA :

Steel surface is slightly corroded but load carrying capacity is still
adequate. : : :
Bridge is located at non-severe environmental condition.

No chloride attack.

WORK_SEQUENCE :

LY

Thoroughly remove rust, foreign material, oil, grease, looge and all non-
adherent residues from or peeling paint on the steel surface by wire
brushing or other approved means.

Immediately after surface preparation brush apply a layer of epoxy primer.
Allow the primer to dry and brush apply a layer of tar-epoxy resin based
middle coat complying with the requirement of JIS K 5664.

Finally brush apply a layer of tar-epoxy resin based coating after the
middle coat has dried up.

SPECIFICATION :

1)
2)
3)

Minimum dry £ilm thickness of prime coat shall be 40 microns.
Minimum dry film thickness of middle coat shall be 120 microns. -
Hinimum dry film thickness of top coat shall be 120 microns.

5—16



REHBBILITATION PLAN

PROTECTION WORK TO STEEL MEMBER

“ [N

METHOD CONCRETE LINING STEEL PILE
DRAWING :
NN
100
T
=
PO W CONGRETE
8 '
< MEAN w.L %S
A
3
]
F
g
'Lk_/c

SECTION A-A

APPLICATION CRITERIA

Steel surface is considerably corroded but leoad carrying capacity is still

adequate.
Bridge is located at severe environmental condition.

Chloride attack is considerable.

WORE SEQUENCE @

i)

2)
3}

Pile column shall be c¢leaned of corrosion by grit blasting or other ap-

proIPd means to achieve a surface finish COMP?YLHQ with B.S 7079 gecond
ality.

g:curely fix the corrugatlon rebar as ahown in the drawing to the pile

column by welding.

Construct the formwork to form a minimum concrete cover of 70mm.Formwork

shall be sufficiently rigid and tight to prevent the loss of grout and to

maintain forms in their correct poaltlon,shape profile and dimension,

Place in concrete of grade 30/20 into the formwork.

Formwork shall be removed when the concrete has achieved the required

strength and shall be immediately cured in accordance with good concrete

practice.

BEPECIFICATION :

(S~ TE .S R
S e st Vs gt

Minimum concrete cube atrength at 28 days shall be 30 N/mm2/20mm

Minimum cover to main reinforcement: shall be 70mm.

Bars shall be bent and measured in accordance with B.S. 4466.
Reinforcement to be welded shall comply with the requirements of B.S 4360.
Welding shall be carried out in accordance with B.8 5135 and B.S.638.
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REHABILITATION PLAN ¢ PROTECTION WDRK TO INCIDENTAL FACILITX

METHOD EXTENSION OF DRATINAGE PIPE
DRAWING 3

BEFORE AFTER .

REHABILITAT O REMABILITATION

=N LJ:‘:}

NEW PVC. §EH

I - DRAINAGE PIPE )
|

WELDING

NS

]

S —

'=

APPLICATION CRITERIA

= The drainage pipe is too short or m;ssxng.

" The water through the pipe which is improperly installed’ splash the struc-
tural members.

¥ORK_SEQUENCE :

1) cClean the existing drainage pipe. Remove the rusted gection. Drill holes
through the pipe wall.

2) Fix the P.V.C pipe to the existing pipe as shown in the draw;ng.

SPECIFICATION :

1} P.V.C pipe shall comply with the requirement of JIS Ké741 or BS 3505.
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‘REHABILITATION PLAN PROTECTION WORK TC IRCIDENTAL FACILITY

s oo

METHOD INSTALLATION OF DRIP CHECK
- DRAWING :
-
\_DRIP CHECK-
100 |

EPQXY REGIN ADHESIVE

SYRNTHETYIC RESIN MATERIAL

DETAIL A

APPLICATION CRITERIA :

= Water stain at soffit of cantilever slab and external face of beam web.

WORK BEQUENCE 3

1) <Clean the concrete surface by water blasting or other approved means to
remove oil, grease, loose particles and other surface contaminations.

2) Apply epoxy resin adhesive to the clean surface, '

3) Fix the water drop made of synthetic resin.

SPECIFICATION :

1) The synthetic resin shall comply with the requirement of JIS K &735.
2) The epoxy resin adhesive shall comply with the requirement of JIS A6024.
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(B)Strenqthenlnq work is applicable to a bridde member whlch
has major materlal/structural defects or which has inade-
guate load carrying capacity. The major defects include
active cracks due to bending or shear force, live or pro-
gressing settlement and serious section loss.

Selection of a specific rehabilitation technigue under the
strengthening works also depends on construction material
used, extent of excess stress, and type of associated
damage, its extent and degree. Each type of the rehabilita-
tion technique is shown in Table 5-5 together with the
corresponding application criteria. The drawing, work se-
quence and indicative sp901flcat10n of each technique is
presented on one sheet in the following pages.

Table 5-5 S8trengthening Technigque and correspondiﬁg
Rpplication Criteria

'__Hehabiltstion Fin Mathod lication Critera
Strengthoning work 7| — Stxe! Plats Bonding o Inadequaie losd camying copacty (Inadequsts
ta concreta arnount of relnforcemant bar)

o Novisteriask oid o

o ALtV cracks due i bandmg moment ot shaar
force.

o Adgguale COnCiate CONT.
— Guniting with additional equsto loxting Capacky.
rebar o Verious actve cracies due to barking mqmant

ot shear foroe.

o Adequate for addmions: stress i baerms ard

. #isb dugto additionsl load.

o Bridge is Incated In relatively savare
chioride enviropment.

] &Hgnmblebwdhmsmmmmdm
monsr .

Hnav, WPH'NQTI #aly sirangth cemard
: ot
= Jacketing Jor Concrate ) Ad:h nharum dueto shesd Torcs.
Girdwe/Baams o Defectivg arga b ot Sxtenelve.

o Siressss due & 1ot foad inciuding addtional
dead load acy within the alicwabsle sireas.

© Touh joad Inchuxding sddkionsd tead load
within alictvab in stress.

o Nowater ek and no Hquid rust.

o Mo chicride aftack.

— Prepackad concrete Ening o Inadequate loading capecily.

whh sdditions retar o Varlous active cracks due 1o bending
mOinant of shad force.

o Inadequate concrels cover,

o Suffared mikd chloride atisck or advanced
carbonstian

o Defeclive area is @xteisive.

o incase that bridge cannet ba ciosed more than
3 hizbut leas than 7 hus, apply High early

sEength cemamt modes.

o Sofft of member such a3 sofiR of beam and

o slab whara 1 is d¥ficutt 1o pour concrele.

— Additional © Inadequate bad carrying capacly.

prestressing o Varhus active cracks due to hendng moment

or shaw force.

o Vorking stress of rebar or concrele exceads
sbowt 120% of the allowable sirass.

o $iress gueto total load incuding additonal
dead load s wihin Sw elowable siress. |

o Defaciive area bs #xlensive.
~ Concrefe Bining to o inadequale MinEMUm COver of rebars &re
phes exposed.
o Abraslon of concrete suvisce o hu of canctete
melrix due fo Infarior concrats or chamical sitack.
a Goncrste B carbonated, .

~ Underpinning with .| o Piogressive sattiément of subsiruciure due lo
additionsl piles inadequata existing pile capacty.
o Increase of dasign load dua to upgrading of
the bridge. _l
~ Shed piting & b a;kmbarnndﬁ‘e ebviment1ad out

de 1o broksn precast wall panels. -
o Aclive bending cracks on concrele piles
dua 1o earth pressure,
— Exfarglon of bridge sest o Tnadequada hridge seal wiih irom bearing edge
to bridga aeat edge.
o Active shear crecks at bridgs seat due to
stesy concantraton.
o Defeciive arca k not extenaive

Sirengthening work "~ Adding Stfinger ¢ Excass bendirg stress of decksiab is more than
oiress.

1o steel 20% of the alowalzie
: o Siresy of each member due 1o ial loading
agd&)onal dead kead b2 within the allowsble
slre3n,
- Attachméntio Steel Piste o Inadequate load carmying capachty.
o Excessbending stress ks less than 20%
allovrable stress,
o Non—sciive corrosion, paint deledoration.
— Concrete Uping o §teelsurface is conskierably corroded and
with rebara ita oad canylng capacity is inadequats due

16 secion ss.
¢ Bridge is iocated st sevare environmental
ocondition.




REHABILITATION PLAN

STRENGTHENING WORK T0O CONCRETE MEMBER

"l 9

MBETHOD ATEEL PLATE BONDING
DRAWING :
X Ial ] 1
TYPE A TYPE '8
INJECTION TYPE PRESSURE . -BONDING
{ APPLICATION : CONCRETE SURFACE I5 ([ APPLICATION ' CONCRETE SURFACE 15 SMOOTH
UHEVEN ROUGH ) AND CONGRETE MEMBER DEPTH
IS ENQUGH FOR ANCHOR BOLT LENGTH)
ANCHOR BOLT ' ,
[ BI0~813) ) 4 . ANCHOR BOLT {
€ 1 seacen f ~EPOXY %
.é; . ;.o'._g ?';. rr/ AR RESIN ‘5
" I SRERER YO | AN T . 4
4 - ozt s ey =1 =
. R INJECTION ’ % K& b TIMBER
AR VENT PIPE A
SEALART L EFOXY RESIN i e !
STEEL_PLATE L :
{4.5~58mm] ANGLE PLATE

APPLICATION CRITERIA 3

Inadequate load carrying capacity (Inadequate amount of reinforcement bar)
No water leak and no carbonation.

Active cracks due to bending moment or shear force

Adequate concrete cover.

WORK_ SEQUENCE :

1}

Clean the surface of the slab soffit to receive the steel plate bonding
with a power grinder or other approved means.

2) Drill holes into the slab and install anchors for anchor bolts.

3) Clean the surface of the steel plate by wire brush so as to bring out its
texture.

TYPE A ' e :

4) Drill holes on the steel plate for anchor bolts and injection pipes.

5) Attach the injection pigés and air vent pipes.

6) Fit in steel plate to the prepared surface together with spacer blocks and
clanp it with anchor bolts to provide a consistent gap of Smm between the

) plate and the slab surface.

7) Seal the peripheral area of the steel plate as well as the area surround-
ing the injection holes. :

8) Inject the epoxy resin through the injection holes.

9) . After the epoxy resin has been cured, protect the steel from corrosion by

. applying protective coatings.

TYPE B

4) Drill holes on the steel plate for anchor bholis.

5} Apply epoxy resin to the plate surface and concrete surface.

6) Pressure bonding the stsel plate to the slab using anchor bolt with angle

late. :
7} Efter the epoxy resin has cured, withdraw: the pressure bonding equipment

and protect the steel from corrosion by applying protective coatings.

SPECIFICATION :

1)

2)

The epoxy resin ghall have the properties listed below when tested in
accordance with the relevant standards as stated in "Injectlon Method".

Property ) Unit Tvpe A Type B
Minimum compressive strength at 7 days  N/mm2 70 70
Flexural strength N/mm2 40 40
Compressive elastie¢ modulus N/mm2 3000 3000
Specific gravity 1.1-1.9 1.1~1.9
Viscosity cP 40,000 6000

Minimum curing time of epoxy resin shall be 24 hours.
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REHABILITATION PLAN

STRENGTHENING WORK TO CONCRETE MEMBER -

-
.
*
-

METHOD GUNITING WITH ADDITIONAL REBAR
DRAWING 3
BEFORE REHABILITATION. AFTER REHABILITATIOM
MRS O | T S R S R |
\-:.— o ] M - £L _:f&L.
I CRACK —J I— : i i ADDITIONAL
R.C. SLAB e P - RESAR
" EXPOSED : £a g [IF REGUIRED)
REBAR gg 5} .
= = . . uE O [
FLAKING B do ¥ L-GUNITE
EXPOSED REBAR o% . @ '
E g5 &
iz §

APPLICATION CRITERIA :

Inadequate loading capacity. . :

Various active cracks due to bending moment or shear force,

Adequate for additional stressa in beams and slab due to additional load.
Bridge is located in relatively severe chloride environment

Advance carbonation.

Defective area is extensive. .

Bridge can be closed at least 3 consecutive days. If not, apply high early
strength cement mortar instead of portland cement mortar.

WORK_S8EQUENCE :

1)

7)

Ramove all spalled, loose and defective concrete until sound concrete is

reached. Breaking out shall expose the full circumference of the rebar and

to a further depth of 20mm behind the rebar if it is corroded.

All expcsed reinforcement shall be cleaned of corrosion products by wire

brushing or other approved means.

Prime coat shall ‘be brush applied within 2 hours after preparing and

cleaning of the rebar. : . ’

Securely fix additional rebar as shown in the drawing if required.

Wet the prepared surface with clean water until saturation but guniting

shall commence only when the concrete surface has dried.

Spray gunite mortar with sufficient pressure in an even manner so as to
ive a dense and homogeneous cgovering to the surface. It shall be applied
in two or more coatg as necessary and the surface of each coat washed down

before the next is applied.

After application of gunite mortar, it shall be cured by constantly spray-
ing water for at least 3 days.

SPECIFICATION 3

[so i M WO It FOY R
N Nt S Nt kst St g™ ™

The cement used shall be ordinary portland cement conforming to M.38. 522.
Minimum concrete cube atrength at 28 days shall be 30N/wm2/10-15wm.
Minimum concrete cover to main reinforcement shall be 30mm.

Bars shall be kent and measured in accordance with B.S 4466.
Reinforcement to be welded shall comply with the requirement of B.S4360.
Welding shall be carried out in accordance with B.S 5135 and B.S638.

All mild steel and high yvield bar shall conform to M.S 146.

Lap length shall be 32 x diameter of bar.




REHABILITATION PLAN : STRENGTHENING WORK TO CONCRETE MEMBER
METHOD ¢ JACKETING FOR CONCRETE GIRDERS/BEAMS
DRAWING &

REMOVE DECK  SLAB

T TR SN N ST
oIS N N A N
B R NN SN N b NY
L INRAER RN e -
R R dr ENISTING BEAM
P N N Ny Lt
e \;E£f§§§§\:ty%;‘ N 7L BN ADDITIONAL STIRRUP REBAR
PO 727777577 B e \ R

- MIN 100

Note:Required area and gize of additional

stirrup rebar shall be calculated
based on structural analysis

APPLICATION CRITERIA :

Active shear. cracks due to shear forces.

Defective area is not extensive. :

Stresses due to total load including additional dead lcad are within
allowable stress.

No water leak and no liquid rust.

No chloride attack.

WORK SEQUENCE :

Vs W =
— S =

QR
et e

Remove all loose and defective concrete if any or, chip, and remove the
deck slab from the top of girder/beam ag shown in the drawing.
Seal the shear c¢racks by the injection method.
All exposed reinforcement of the removed deck slab shall be cleaned thor-
-oughly by wire brushing or other approved means.
Securely fix additional rebar and stirrups as shown in ‘the drawing.
Construct the formwork to form a wminimum concrte cover of 30mm.Formwork
shall be sufficiently rigid and tight to prevent the loss of grout and to
maintain forms in their correct position, shape, profile and dimension.
Wet all concrete surfaces sufficiently prior to placing concrete.
Place in concrete of grade 30/20 into formwork.
Formwork shall be removed when the concrete has achieved the required
strength and shall be immediately cured in accordance with good concrete
practice.
‘Note: In order to achieve adequate bondxng between old and new concrete

i.e. avoiding vibrational effects by vehicles, the bridge shall be
closed to traffic at least 12 hours for the concrete pouring and

curing work.

SPECIFICATION :

[ LS R
et st S gt S

The cement used shall be high early strength portland cement conforming to
Ms522.,

Minimum’ concrete cube strength at 28 days shall be 30 N/mm2.

Minimum concrete cover to main reinforcement shall be 30mm.

Bars shall be bent and measured in accordance with BS4466.

Minimum lap length shall be 32 x diameter of rebar.
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STRENGTHENING WORK TO CONCRETE MEMBER

REHABILITATION PLAN :
METHOD : PREPACKED CONCRETE LINING WITH ADDITION-
AL REBAR
DRAWING @ -
BEFORE REHABILITATION AFTER REHABILITATION

|
I
e
o

CONGRETE

IGNAL COVER

REQUIRED }

RUST mulsm'-E-—\
REINFORCEMENT -———-1 FRIMER
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e
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1IF REQUIRED}

APPLICATION CRITERIA :

Inadequate loading capacity.

varions active cracks due to bending moment or shear force.

Inadegquate concrete cover.:

Suffered mild chloride attack or advanced carbonation.

befective area is extensive. o :

In case the bridge cannct be closed more than 3 hrs, apply epoxy resin

mortar.

In case the bridge can be closed more than 3 hrs but less than 7 hrs,
apply high early strength cement mortar.

» Soffit of member such as soffit of beam and slab where it is difficult to
: pour concrete

EDRE_SEQUEKRCE

1) Remove all spalled, loose and defective concrete until sound concrete is
reached. Breaking out shall expose the full circumference of the rebar and
to a further depth of 20mm behind the rebar if it is corroded.

2) All exposed reinforcement shall be cleaned of corrosion products by wire -
brushing or other approved means.

3) Apply prime coat within 2 hours after preparing and cleanlng of the rebar.

4) Securely fix additional rebar and. anchor bar as shown in the drawing if
required.

5) Construct the formwork to form a minimum concrete cover of 30mm. Formwork
ghall be sufficiently rigid and tight to prevent the loss of grout and to
maintain forms in their correct position, shape, profile and dimension.

6} Pack slngle—51zed coarse aggregate behind the forms to fill the voids.

7) Injection openings are to be provided at the bottom face of the form for
the purpose of injecting grout into the prepacked aggregates.

8) Pump in the grout to fill the spaces between the aggregates by pressure
grouting via the injection openings from the farthest point of the void.

9) Formwork shall be removed when the concrete has achieved the required
strength and ghall be immediately cured in accordance with good concrete
practice,

BPECIFICATION :

The cement used shall be high early strength cement conforming to MS 522.
Minimum concrete cube strength at 28 days shall be 30N/mm2
¥inimum concrete cover to main reinforcement to be 30mm.
Bars shall be bent and measured in accordance with B.S 4466,
Reinforcement to be weld shall comply with the requirements of B.S 4360.
Welding shall be carried out in accordance with B.S 5135 and B.S 638
All mild steel and high yield bar to conform to M.S 146.
Lap length to be 32 x diameter of bar.
Primer shall be Zinc-rich type primer complying with the requirements of
B.S 4652 (1971).

JMix proportion of epoxy resin mortar shall be one of resin to three of
8ilica sand in weight.
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REHABILITATION PLAN

STRENGTHENING WORK TO CONCRETE MEMBER

45 e

KETHOD ADDITYIONAL PRESTRESBING
DRAWING @
_ EXISTING §TRUCTURE
=i
re re q
Iy " A [N !
.z u Y L- \ PRESTRESSING
Le \‘f; \ .. £ROSS BEAM o STEEL

L )
peTAIL A

PRESTRESSING STEEL

ANCHORAGE PRESTRE3ING

FRESTRESSING CORBEL
STEEL

STEEL
SUFERSTRUCTURE

SUBSTRUCTURK

APPLICATION CRITERIA :

Inadeguate load earrying capacity.

Various active cracks due to bending moment or shear force.

Working stress of rebar or concrete exceeds more than about 120% of the
allowable stress.

Stress due to total lead including additional dead load is within the
allowable stress,

Defective area is extensive.

WORK_SEQUENCE :

1)
2)
3)
4}

‘Repair any cracks or spalling on concrete surface by injection or patch-

ging method.

Remove the specific part of existing concrete structure in order to con-
struct the anchorage corbels for prestressing steels if required.

Roughen the existing concrete surface to be in contact with the anchorage
corbels or new concrete to be poured by approved means.

Securely fix additional rebar and dowel bars as well as sheaths and me-
chanical devices for prestressing. _

Construct formwork and pour the concrete of grade 35/20.

Wet all concrete surfaces sufficiently prior to pouring concrete.

Remove the formwork after the required concrete strength is reached.

Post tensioning operation shall be carried ocut after installation of
prestressing steels into the sheaths.
Grout cement mortar into the sheaths in which prestressing steels are

installed.

SPECIFICATION :

1)

All the reguirements for prestressing work shall comply with Section 11 of
JKR Standard Specification for Read Work.

—25
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REHABILITATION PLAN : STRENGTHENING WORK TO CONCRETE MEMBER

METHOD

CONCRETE LINING TO PILES

DRAWING :

ERACK

BEFORE_REHABILITATION . AFTER REHABILITATION

H 100 AODITIONAL REDAR
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APPLICATION CRITERIA :

Inadequate minimum cover or rebars are exposed. . _
Abrasion of concrete surface or loss of concrete matrix due to inferior
concrete or chemical attack.

concrete is carbonated.

¥WORK SEQUENCE :

1)

Remove all spalled, loose and poor gquality mortar. Particular care should
bhe taken to ensure all surfaces are completely free from laitence, oil,
dust, grease, plaster and any other deleterious substances. Laltence
should be mechanically removed by high préessure water blasting. Smooth
surface should be mechanically roughened by scrabbling or needle gun to
form a good mechanical key. . o

Provide drilled holes of 20mm diameter at 300mm ¢/c bothways on all the
vertical surfaces. Drilled holes shall be rough sided and free of dust,
Ingert non~shrink cementatious grout stage to stage to rear of the hole to
avoid air entrapment. ) :

Securely fix dowell 16mm diameter round bar by inserting into the hole.
Provide hoop of 10mm diameter high yield at 300mm c¢/c bothway by tying to
the dowell bar. : ‘ ’

Wet all surfaces sufficiently.

construct the formwork to form a minimum cover of 70mm. Formwork shall be
sufficiently rigid and tight to prevent the loss of grout and to maintain
forms in their correct position , shape, profile and dimension. ‘
Place in concrete of grade 30/20 into the formwork. o :

Formwork shall be removed when the goncrete has achieved the required
strength and shall be immediately cured in accordance with good concrete
practice. .

SPECIFICATION :

DO =0 N s OB b
e S St e e Yo "

The cement used shall be ordinary portland cemgnt conforming to M.S. 522,
Unit cement content shall be wmore than 300kg/m

Minimum concrete cube strength at 28 days shall be 30n/mm2.

Bar shall be bent and measured in accordance with BS 4466.

Reinforcement to be weld shall comply with the reguirements of BS 4360.
Welding shall be carried out in accordance with BS 5135 and BS 638

All mild steel and high yield bar to conform to MS 146

Lap Length to be 32 x diameter of bar.




REHABILITATION PLAN STRENGTHENING WORK TO CONCRETE MEMBER
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METHOD UNDERPINNING WITH ADDITIONAL PILES
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APPLICATION CRITERIA :

= Progressive settlement of substructure due to inadequate existing pile

capacity. . S - :
s Increase of design load due to upgrading of the bridge.

WORE SEQUENCE :

Excavate to the soffit level of all fill material.

Drive additional piles at specific location.

Hacked concrete to exposed reinforcement and clean the reinforcement.
Conneéct the new reinforcement to the existing reinforcement

Construct the formwork to form a minimum concrete cover of 100mm.

Wat all concrete surfaces sufficiently prior to placing concrete,

Place in concrete of grade 30/20 into the formwork.

Formwork shall be removed when the concrete has achieved the required
strength and shall be immediately cured in accordance with good concrete

practice

W1 ON &L
e S ot e o Yt Yo e

SPECIFICATION :

1} In case additional piles are required, open end steel pipe pile shall be
adopted so as to prevent any load reduction to the existing piles due to
disturbances of the ground around the existing piles during pile driving.
The cement used shall be ordinary portland cement conforming to M.5. 522.
Minimum concrete cube strength at 28 days shall be 30N/mm2.

Bars shall be bent and measured in accordance with B.S 4466.

Reinforcement to be weld shall comply with the requirements of B.S4360.
Welding shall be carried out in accordance with B.S 5135 and B.S 638

All mild steel and high yield bar to conform to M.5 146
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REH&BII:ITATION PLAN
METHOD

STRENGTHENING WORR TO CONCRETE MEMBER
SHEET PILING

Lo 1]

DRAWING :
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APPLICATION CRITERIA :

» The backfill behlnd the abutment fall out due to broken precast wall
panels.
s Active bending cracks on concrete piles due to earth pressure.

WORE SEQUENCE :

Close one lane of existing road during the period of the field operation.
Scarxfy the existing premix where is specified in above drawing.

Drive sheet piles into the ground using a drop hammer behind the abutment
just adjacent to the precast panels.

Reconstruct subbase, base and surface layer with adequate compaction after
driving of sheet piles has been completed,

B W
et et

It should be noted that the defective concrete piles should be protected
by the concrete lining.

S8PECIFICATION :

1} Steel sheet pile shall comply with the requirements of B.S 4360 or JIS
Z 8401. :
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STRENGTHENING WORE T0O CONCRETE MEMBER
EXTENSION OF BRIDGE SEAT

REHABILITATION PLAN
METHOD

DRAWING

_BEFCRE REINE?_EEEMENT AFTER REMFORCEMENT

=

L
1

ADDITIONAL REBAR
EXTENTION

CONCREYE SHEARED OFF

APPLICATION CRITERIA :

= Inadequate bridge seat width from bearing edge to bridge seat edge.
x Active shear cracks at bridge seat due to stress concentration.
= Defective area is not extensive.

YOREK SBEQUENCE ¢

1) Remove all spalled and loose concrete until scund concrete is reached .
Roughen the concrete surface by chipping.

2) Drill holes of 150mm apasrt from the bridge seat surface. Clean thoroughly
the cracks and holes with clean ocil-free compregsed air.

3) Insert dowel bars in the holes as shown in the drawing and, f£ill them with

. epoxy grout under low pressure.
4) Seal the remain shear cracks if any by the specified injectiaon method

{Refer to injection)

5) Securely fix additional rebar lapped to the dowells as shown in the draw-
ing. . _ o

6) Construct the formwork to form a minimum concrete cover of 70mm. Formwork
ghall be sufficiently rigid and tight to prevent the loss of grout and to
maintain forms in their correct position, shape, profile and dimension.

7) Wet all concrete surfaces sufficiently prior to concrete pouring.

8) Pour concrete of grade 30/20 into the formwork.

9) Formwork shall be remcved when the concrete has achieved the required
gtrength and shall be immediately cured in accordance with good concrete

practice.

SPECIFICATION :

The cement used shall be ordinary portland cement conforming to M.S. 522.
Minimum concrete cube strength at 28 days shall be 30N/mm.

Minimum concrete cover to main reinforcement shall be 70mm.

Bara shall be bent and measured in accordance with B.S 4466.

Minimum lap length shall be 32 x diameter of bar.

U L R s
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REARBILITATION PLAN STRENGTHENING WORK TO STEEL MEMBER

KETHOD ADDING STRINGER
DRAWING ¢
_DEVARL A
~ seAcCER (26-30CMWTERVAL  gpoxy

ALYERATELY ) RSt

- INJECTION PIPE
{10~ 15CH INTERVAL }

SEALART

ADDITIONAL BEARM

-{ $TRINGES)
CONCAETE SURFACE TO .

BE THROUGHLY CLEAN

JL FP—

BEFORE AFTER .
REHABILITATION REHABILITATION PREPARATION WORK _APTEX COMPLETION

APPLICATION CRITERIA :

=  Excess bendlng stress of deck slab is more than 20% of the allowable

stress, :
= Stress of eaach member due to total leoading including additional dead load

is within the allowable stress.

WORK SEQUENCE :

1) Clean the surface of the slab soffit where- receive the steel plate of the
stringer with a power grinder or other approved means.

2} Install the stringers, which have been fabricated in accordance with the
lines and dimensjions required resulting from structural analysis, onthe
crosge beams. Forbonding purpose, a gap of about 4 to 6 mm between the slab
gsurface and the upper flange plate shall be provided.

3) Attach the injection pipes and air vent pipes and seal the perlpheral area
of the steel plate as well as the area surrounding the injection pipes as
ghownt in the drawing.

4) Inject the epoxy resin through the injection pipes. In order to avoid
vibrational effect due to the traffic, the bridge must be closed to the
traffic until epoxy resin has been completely cured.

£E) After epoxy resin has been cured, protect the steel from c¢orrosion by
applying protective coatings.

SPECIFICATION :

1) Hg&gs for high tensile bolts shall comply with the requlrements of BS
4 .

2) High tensile bolts shall comply with requirements of B.S5 4395 and use in
accordance to B.S 4604.

3) Epoxy resin shall comply with the propertles SPEleiEd for epoxy resin in
"Steel plates bonding” operation.

4) Minimum curing time of epoxy resin shall be 24 hours :

5) Protective coating shall follow the specification for "Repainting,to
supperstructure",

6} All the steel work shall comply with the requirements stated in Section 12
of "JKRr Standard Specification for Road Works".




STRENGTHENING WORK T0O EBTEEL MEMBER

REHABILITATION PLAN :
METHOD ¢ ATTACHMENT TO STEEL PLATE
DRAWING ¢ DETAIL '8’ - p———e———y

T — T

-~ .STEEL PLATE

DETAIL 'B-

--WASHER

__HIGR STAERGIN  FRICTION N
GRIF BOLT MIGH STRENGTH FRICTION

*
T SHALL BE NOT MORE THAN 2 x{ i GRIF BOLT
——STEEL PLATE

APPLICATION CRITERIA :

Inadequate load carrying capacity.
Excess bending stress is less than 20% of allowable stress.
Non-active corrosion, paint deterioration.

WORK _SEQUENCE :

1)
2)

3)
4)

HMark the positions for the bolts and drill holes on both the beam and the

-gteel plate.

Thoroughly remove corrosion, o¢il, grease, foreign material, loose or
peeling paint 'and all non-adherent residues form both the beam surface to
be in contact with the steel plate as well as the steel plate.

Attach the plate to the beam by using high tension friction bolts as shown

in: the drawing.
Protect the working area against corrosion once all the bolts have been

tightened by applying protective coating.

SPECIFICATION :

Holes for high strength friction grip bolts shall comply with the require-
ments of B.S 4604. _

High strength friction -grip bolts shall comply with requirements of B.S
4395 and use in accordance Lo B.S 4604,

Steel plates shall comply with the requirementa of B.S 4380.

Protective coating shall follow the specification for "Repainting super-
structure”,




REHABILITADION PLAN
METHOD

 BTRENGTHENING WORX TO BTEEL MEMBER
CONCRETE ‘LINING WITH REBARS

DRAWING 3
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SECTION A-A

APPLICATION CRITERIA :

Steel surface is considerably corroded and its load carrying capacity is
inadequate due one to section loss.
Bridge is located at gevere environmental condition

WORK_SEQUENCE :

1)

2}
3)

4)

Pile column shall be ciean of corrosion by grit blasting or other approved
means to achieve a surface finish complying with B.8 7079 second quality.
Weld in shear connectors to the steel surface as shown in the drawing.

Fix in place the main vertical bar and hoop rebar links in aceordance to
the drawing by using binding wires. _

Construct the formwork to form a minimum concrete cover of 70mm. Formwork
shall be sufficiently rigid and tight to. prevent the loss of grout and to
maintain forms in their correct position, shape, profile and dimension.
Place in concrete of grade 306/20 into formwork.

Formwork shall be removed when the concrete has acthieved the reguired
strength and shall be immediately cured in accordance with good concrete
practice.

SBPECIFICATION :

Md Wk
e o o ot

Minimum concrete cube strength at 28 days shall be 30N/mm2/20mm.
Minimum concrete cover te main reinforcement shall be 70mm.

All mild steel shall conform to M.S 146.

Welding shall be carried out in accordance with B.S 5135 and B.S 638.
Lap length shall be 32 x diameter of bar.




{C)Replacement technique is applicable to a bridge member or
a whole bridge of which rehabilitation and strengthening
woxrk({s) is likely to be beyond economic repair. If a bridge
member which has critical structural/potential defects and
inferior load carrying capacity, it is appropriate to re-~
place the bridge menber. :

Each type of replacement technigue is shown in Table 5-6
together with the corresponding application criteria. The
drawing, work sequence, indicative specification of each
replacement technique is presented on one sheet in the suc
ceeding pages.

Table 5-6 Replacement Technique and Corresponding
Application Criteria

Rahabiltation Plan : Method Application Criteria
o Raplacemant Work of — Deck Skab Replacamant o Inadequate loading capacity.
Structure Member o Severe damage of stael buckle plate deck

slab dus to stee! corrosion.

o Stress of sach menber due to total load
after rahabilitation completed is within
the allowable stresas.

— Bearing Replacement o Bearing is missing or ot functional due
: ) to severe damage.
— Replacement of Expansion o Critical defects such as water —-tesking,
Joint abnormal nots#, diferance In level stc,

due to darmnaged expansion joint

¢ Remarkable crack of the pavement ovarlaid
on tha existing expansion joint.

o Transvere opshn crack or gap due to missing

sxpansion joint.
— Replacement of Stee} o lnadaquata lcad carrying capaciy.
Truss Member o Critical deformation of ruphwre of stee}

members due to vehicle collision.
o Savere section loss due to corrotion.




REHABILITATION PLAN : REPLACEMENT WORK OF STRUCTURE MEMBER
HETHOD ¢ DECK SLAB REPLACEMENT o

DRAWING :

BEFORE : ) AFTER

REHABILITATION REHABILITATION

GRUSHER-RUN .
—— ROAD SURFAGE

[ |

CONCRETE DECK SLAB

STEEL PLATE o . : t__“g_kkgm_~__ﬁ
. ’ STEEL GIRDERS CROSS BEAM { IF REQUIRED)

APPLICATION CRITERIA :

a  Inadequate loading capacity. -

« Severe damage of steel buckle plate deck slab due to steel corrosion.

» Stress of each member due to total load after rehabilitation completed
within the allowable stress.

HORK SEQUENCE :

A detour load for temporary traffic diversion shall be provided.

flange of the main beams by brushing or other approved method.

by high tensile bolts (if required}.

N B W
— o e

Demolition of steel buckle plate without damaging the existing beams.
Remove paint,rust and foreign material thoroughly from the top of upper

Install new cross beams in between the main beams at specified positions

Construct the formwork to form a minimum cover of 30mm. Formwork shall be

sufficiently rigid and tight to prevent the loss of grout and to maintain

forms in their correct position, shape, profile and dimension.
} Securely fix the reinforcement.
7) Place in concrete of grade 30/20 into the formwork.

8) Formwork shall be removed after the required concrete strength has been
reached, and ghall be immediately cured in accordance with a good concrete

practice.

SPECIFICATION :

The cement used shall be ordinary portland cement conforming to M.S. 522.
Minimum concrete cube strength at 28 days shall be 30 N/mm2.
) Minimum concrete cover to main reinforcement to be 30mm.
} Bars shall be bent and measured in accordance with B.S 4466.
} All mild esteel and high yield bar to conform to B.S5 146.
)

1
2
3
4
5
6} Lap length to be 32 x diameter of bar.




REHABILITATION FPLAN
HMETHOD

REPLACEMENT WORK. OF STRUCTURE MEMBER
BEARING REPLACEMENT

DRAWING 3

—

.
SFEEL SWPPORY = |
{ _ CANTREVER SUPPORT

BASE CONGRETE —| |

TYPE A || TreE B

SECTION B~B

APPLICATION CRITERIA :

Bearing is missing or not functional due to severe damage.

WORK BEQUENCE 3

1)

2)

3)

4)
5)

Temporary steel supports (Type - A) or concrete cantilever sugport {Type -
B) shall be installed as shown in the drawing. In case the clearance
between the beam soffit and ground level is less than about 5m and the
goil condition is solid, Type - A shall be applied. To contrary, if the
clearance is more than 5m or the ground condition is soft, or the bridge
spans over a river, Type - B is applicable. . )
Erection of Type - .A support and construction of Type - B support shall be
carried out in accordance with Section 12 of JKR Standard Specification
for Road Works and the work sequence and specification of "Adding sidewalk
by cantilever support”. enclosed in this Manual respectively.

Insetall jack with appropriateé capacity and jack up all the girders.In

-order to prevent unexpected stresses in the deck slab, the whole girders

shall be jacked up simultaneously. :

Replace the damaged bearings by appropriate bearing units or install the
new one after completion of the bearing base work.

Jack down all the girder simultaneously and remove the jack system and
temporary supports.

SPECIFICATYION :

1)

2)
3)
4)
5}
6)
7

The appropriate type of bearings shall be selected from standard bearings
approved by JKR.

The lcoading capacity of the jack to be used shall be 1.5 times the

working load. : : '

The cement used shall be ordinary portland cement conforming to M.S. 522.
Minimum concrete cube strength at 28 days shall be 30N/mm2.

Minimum concrete cover to main reinforcement shall be 70mm.

Bars shall be bent and measured in accordance with BS4466.

Minimum lap length shall be 32 x diameter of the bar.




REHABILITATION PLAN

METHOD

OF EXPANSION JOINT

REPLACEMENT WORK OF STRUCTURE MEMBER
REPLACEMENT

DRAWING :

BEFORE
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AFTER
REHABILITATION
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APPLICATION CRITERIA :

Critical defects such as water-leaking,abnormal noise, difference in level
ete. due to damaged expansion joint.

Remarkable crack of the pavement overlaid on the existing expansion joint.
Transverse open crack or gap due to miseing expansion joint

WORE _SEQUENCE

1)
2)

3).

4)
5)
6)

cut off existing premix directly above the 301nt9 and remove the premix
and damaged existing joint.

Scarify the exposed. concrete surface of deck slab by jack hammer or other
proved mechanical means.

After cleaning all loose particles and dirt at the surface, construct
formwork and install new appropriate type of expansion jeoint taking into
account the girder length.

If thick layer of premix is overlaid on the ex;stlng joint, the new joint
must be set up considering existing road surface level. :

Before the resin mortar is placed, primer is applaed at the concrete
purface to provide a good bond.

Remove formwork and repave with premix at the circumference of the joint.

SPECIFICATION :

1)
2}

3)
4)
5)
6)

7)

Approprlate type of expansion joint shall be selected from standard type
of joints approved by JKR.

End welded studs shall conform to the requirement of cold flnLShEd carbon
bare and shafting ASTM A280.The tensile properties determine in accordance
with A3370. .

Anchors shall be fabricated from hot rolled mild steel deformed bars
conforming to B.5 4449 and shall be of weldable gquality. -

Bolts,nuts and washers shall be high strength conforming to the reguire
ments of B.S. 4395:Part 1 general grade or ASTM 4325, type 3.

All the metallic components shall be shop and field painted in accordance
with the requirements of B.S. 5493.

The metal surface in direct contact with the neoprene seal elements, shall
be gandblasted and treated as recommended by the manufacturer so as to
provide a high strength bond between the neoprene seal and mating metal
surfaces.

The elastomer portion of the elastrometric expansion joint shall be of the
compound known ag neoprene.




REMABILITATION PLAN
METHOD

REPLACEMENT OF STRUCTURE MEMBER
REPLACEMENT OF STEEL TRUSS MEMBER

LU

DRAWING 3 -

DURING REHABILITATION

BEFORE REHABILITATION

APPLICATION CRITERIA 3

Inadaquate load carrying capacity. )
Critical deformation or rupture of steel members due to vehicle collision.
Severe section loss dus to corrosion.

YORK SEQUENCE 3

1)
2)

3)

4)

5)

6)

A detour load for vehicle traffic shall be provided and the bridge shall
be. closed to traffic during rehabilitation work. :

Prior to.commencement of the replacement work, the rivets if connected
between the defective member and other member shall be removed and re-

-placed with high tensile bholts.

Remove thoroughly paint, rust, foreign material, oil or grease, loose ox
peeling paint and non-adherent residues from the steel surface in contact
with the gusset plate and member to be replaced. '

Install temporary bracings or wire ropes by welding or high tensile boits
in order to reinforce other members or to transfer actual working force of
the member to be replaced to those members. :

Replace the defective member with a new member using high tensile bolts
which has been fabricated with proper lines and dimensions in a steel
ghop. .

Remove all temporary members and protect the working area against corro-
sion by palnting according to specified method of “"yxepainting superstryruc-
ture" operation,

SPECIFICATION :

1)
2)

All the stee]l work shall comply with the regquirement stated in Section 12
of JKR Standard Specification for Road Works.

Painting shall be in acceordance with the specification for "Repainting
gsuperstructure"” operation.

Steel plates shall comply with the regquirements of B,S 4360,

Holes for high tensile bolts shall comply with regquirements of B.S.4604.
High tensile bolts shall comply with requirementz of B.$5.4395 and used in
accordance to B.S 4604.




5.3.2 Functional Rehabil;ﬁaticn Technigues

Functlonal rehabllltatlon technlques are divided into three
categories consisting of widening carriageways, adding
sidewalks and raising grade. Criteria for applying these
rehabilitation techniques are discussed below:

— Widening carriageways

The necessity for widening carriageways on the bridges shall
be assessed in accordance with the method described in
Chapter 3; comparison of the traffic capacity on a bridge
and current demand volume at the same bridge location.
Application of a specific rehabilitation technique relies on
type and residual durability of the existing bridge to be
rehabilitated.

- Adding sidewalks

The necessity criteria for adding sidewalks are based on
whether a bridge without sidewalk is located in an urban
area or not or its proximity with institutional public
facilities such as schools, hospitals, mosgues and other-
landmarks, as mentioned in Chapter 3. -

Appllcatlon of a specific rehabllltatlon technlque depends
on the type of the superstructure, residual durability of
the substructure and estimated pedestrian volume.

~ Raising gradelor Extension of bridge length

If a bridge is found to be submerged based on an interview
survey with local residents living in the vicinity of the
bridge site or hydrological assessment results, the func-
tional rehabilitation of either raising grade or extension
of bridge length will be applied to cope with hydraulic
problems. A specific rehabilitation technique shall be
selected based on the magnitude of run-off discharge and
flood level and flow capacity of the river.

Each type of standard rehabilitation techniques mentioned
above is tabulated in Table 5-7 together with the corre-
sponding application criteria. The drawing , work sequence
and indicative specification of each technique is presented
on one sheet in the succeeding pages.



pable 57 Functional Rehabilitation Technigues and
Corresponding Application Criteria

Method .

Apptlication Crlteria

Rehabilitation Plan ‘ _
o Functional Rehabllitation for ~ Widening Carriagaway by Cantilever Support | o Inadequate carrlageway width, .
Traffic Capacity of Bridges Attached to Substruciure o Adequate loading capaclty of existing sub~—

struciure for additional dead load and
live loads.

— Widening Carriageway by Extenslon of Both
Super and Substructures

o Inadequate carriageway width.

o Inadarjuate load carrying capacity of existing
foundation for total load including additional
dead and live loads.

1

o Funstional Rehabilitation for
Pedestrian Flow Capacity of
Bridges

- Adding Sidewalk by Cantilever Support
Attached to Superstructure

o Absence of sidewalk

o Adequate loading capacity of both existing
supersiruciure and substructure for totat
load including additional dead and live loads.

- Adding Sidewalk by Cantilever Support
Attached to Substructure

o Absence of sidawalk

o Adequate loading capacity of existing sub—
structure for total icad including additional
dead and live loads.

— Adding Sidewalk by Censtruction of an
Independent Bridge

o Absence of sidewalk

© inadequate loading capacity of existing sub-
structure for total foad including additional
dead and five loads.

o Funciional Rehebilitation for

River Flow Capacity of Bridges |

— Raising of Bridge Grade o inadequate bridge opening.
- o Required raising height is less than 1.0m.
- Extension of Bridge Length o Inadequate bridge opening.

o BRaising height requiremert is more than 1.0m.

o Adequate loading capacity of existing abut—
ment at extansion side for total load including
additional load due to bridge extansion.




REHABILIT&TION PLAN : FUNCTIONAL RENHABILITATION FOR TRAFFIC
CAPACITY OF BRIDGE

METHOD H WIDENING CARRIAGEWAY BY CANTILEVER
SUPPORT ATTACHED TO SUBSTRUCTURE
DRAWING : . BEFORE AFTER

REHABILITATION RENADILITATION -

EXISHING : WOENING

EXISTING REDAR WELDING

BAP FOR POURRG FIDH -EARLY
STREND HCON ‘IElE-

MEYW REBAR

AT

|

CANTILE VER
_BYEPORT .
—=L — -

i

}

L i

APPLICATION CRITERIA :

= Inadequate carr;ageway width
= Adequate loading capacity of the existing substructure for additional dead

and live loads.

WORK_SEQUENCE

1) c¢hip off the existing concrete surface .and install dowel bars by applying
epoxy resin mortar or non-shrinkage cement mortar as shown in the drawing.

2) Cconstruct the cantilever support attached to the substructure by approved
methods and using appropriate materials.

3) Cut through the specified section of deck slab without damaging the exist-
ing reinforcement bars.

4) Construct the new part of bridge superstructure, of which type should be
the same as the exipting superstructure, providing a gap of 30 to 50cm
between the existing and new deck slab (gap is shown in the drawing).

5) Prior to pouring concrete using high-early strength portland cement with
expansive agent into the gaps, traffic shall be interrupted until the
required concrete strength is obtained.

6) Apply asphaltic concrete surface layer on the deck slab.

BPECIFICATION :

The cement used shall be ordlnary portland cement conformlng to M 5.522.
Minimum concrete cube strength at 28 days shall be 30 N/mm2/20mm

Minimum concrete cover to main reinforcement shall be 70mm for substruc-
ture and 30mm for superstructure.

Bars shall be bent and measured in accordance with BS44686,

Minimum lap length shall be 32 x diameter of bar. -

High early strength portland cement and expansive additive agent to be
used in the joint concrete shall be in accordance with JIS-R5210 and
A6202 respectively. i

7) Minimum curing time of epoxy resin shall be 24 hours.

D W
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REHABILITATION PLAN

FUNCTIONWAL REHABILITATION FOR TRAFFIC
"CAPACITY OF BRIDGES

KHETHOD H WIDENIRG CARRIAGEWAY BY EXTENSION OF
BOTH SUPER AND SUBSB8TRUCTURES
DRAWING : BEFORE AFTER
REHABILITATION REHABILITATION
L EXISTING LWIDENINGL
%

Y

GAF FOR POURING HIGH-EARLY
I STRE?!ETH CONCRETE.
~

EXISTING PILE

STEEL PILE

APPLICATION CRITERIA 3

Inadeguate carriageway width.
Inadequate load carrying capacity of the existing foundation for teotal

load inecluding additional dead and live loads.

WORK BEQUENCE 3

1)
2)
3)
4)

5)
6)

7)

8)

Cofferdam and temporary roads shall be provided for the construction if
required.

brive additional piles at specified locations. In order to prevent dis-
turbance to the eéxisting foundaticn steel piles shall be used.

Chip off the existing concrete surface and install dowel bare applying
epoxy resin mortar or non-shrinkage cement mortar. ' '

Construct the extension part of substructure by approved methods and using

‘appropriate materials and provide concrete lining to the existing sub-

structure as shown in the drawing.

Cut through the specified section of deck slab concrete without damaging
the existing reinforcements. .
Construct the new part of superstructure, of which type should be the same
ag the existing supergtructure, providing a gap of 30 to 50cm between
existing and new deck slab as shown in the drawing.

Prior to pouring concrete using high-early strength portland cement with
expansive additive agent into the gap, traffic shall be interrupted until
the required concrete strength is obtained.

Apply asphaltic concrete surface layer on the deck slab.

SPECIFICATION :

-~ Ovinb W
— St gt Wt gt g Smast®

The cement used shall be ordinary portland cement conforming to M.5.522.
Minimum concrete cube strength at 28 days shall be 30 N/mm?2/20mm }
Minimum concrete cover to main reinforcement shall be 70mm for gubstruc-
ture and 30mm for superstructure.

Bars shall be bent and measured in accordance with BS4466.

Minimum lap length shall be 32 x diameter of bar.

High ‘early strength portland cement and expansive additive agent to be
uged shall be in accordance with JIS-R5210 and JIS-A6202 respectively.
Minimum curing time of epoxy resin shall be 24 hours.
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REEABILITATION PLAN FUNCTIONAL REHABILITATION FOR PEDESTRIAN
FLOW CRPACITY OF BRIDGE® :
ADDING SIDEWALK BY CANTILEVER SUPPORT

ATTACHED TO BUPERSTRUCTURE

L1

METHOD

L]

DRAWIRG 3 _
YEFORE .. AFTER
REHABILITATION REHABILITATIO_P_J

- ]

- - ~ JIr

ﬁj.:'m.ﬂ

I8

Jil

I i

ADDITIONAL,

FIDEWALj

. EXIYTING R
I . CARRIAGE WAY
1.

|

e
]

L

DETAIL

CANTILEVER SUPPORT

APELIcATIQN CRITERIA :

» Absence of sidewalk.
» Adeqguate 1oad1ng capacity of both existing superstructure and substructure
for total load inecluding additional dead and live loads.

WORK SEQUENCE

1) Remove thoroughly paint, rust, foreign material, oil or grease, loose or
peeling paint and all non- adherent residues from the steel surface by
brusing or other approved methods.

2} Weld the steel plates to the lower chord at specified position for attach-
ing the cantilever supports.

3} Attach the cantilever suypports, which have been fabricated with proper
lines and dimension in a steel shop, to the steel plates by using high-
tensile bolts.

4) Erect the superstructure on the cantilever support as shown in the draww
ing. _

5) Protect the working area against corrosion by palntlng according to speci-
fied methods {refer to “Repainting supperstructure® operation}.

SPECIFICATION :

1} All the steel work shall compl¥ with the requirements stated in Section 12
of JKR Standard Specification for Road Works,

2) All mild steel shall conform to MS-146.

3} Welding shall be carried out in accordance with BS-5135 and BS-638.

4) Eoles for high tensile bolts shall comply with the requlrements of BS-
604.

5) High Tensile Bolts shall comply with the requirements of B5~4395 and use
in accordance to B§-4604.




REHABILITATION PLAN : FUNCTIONAL REHABILITATION FOR PEDESTRIAN
' FLOW CBPACITY OF BRIDGES

METHOD : ADDING SIDEWALK BY CANTILEVER SUPPORT
ATTACHED TO S8UBSTRUCTURE
DRAWING 3
T A e BEFORE AFTER
REHABILITATION REHABILITATION

ADDITIONAL

]. o EwisTMO __ﬁmﬂﬁh&r EXISTING RERAR wELDING
POWEL oAR
i T ﬂﬁrﬁ?ﬁf] w]
I E RN, -

NEW RENAR

3

B

L
o
o
N ———
> CONCRETE CANTH EVER : E|

SUBPORT .

e o

APPLICATION CRITERIA :

» Absence of sidewalk.
= Adequate loading capacity of the existing substructure for total load
including additional dead and live loads.

WORE_SEQUENCE :

1) Chip off the existing concrete surface and install dowel bars by applying
‘epoxy resin mortar or non-shrinkage cement mortar as shown in the drawing.

2) Construct the cantilever support attached to the existing by approved
methods and using appropriate materials. _

3) After the required strength of the concrete is obtained, erect the
beams/girders of the superstructure.

4) Securely fix the reinforcement and construct the formwork for the concrete
deck slab.

%) Pour concrete of grade 30/20 for the deck slab and cure the concrete prop
erly. :

6) PFormwork shall bhe removed after the required concrete strength has been
reached. ‘

7) Apply field painting for the steel members and surface layer on the deck
slab. :

SPECIFICATION :

all the works shall comply with the relevant sections of JKR Standard
Specification for Road Works. _ '

Tge cement used ghall be ordinary portland cement conforming to M.S.522.
Minimum concrete cube strength at 28 days shall be 30 N/mm2/2C0mm

Minimum concrete cover to main reinforcement shall be 70mm for substruc-
ture and 30mm for superstructure.

Bars shall be bent and measured in accordance with BS4466.

U TCY X i
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FUNCTIONAL REHABILITATIOH FOR PEDESTRIAN
'FLOW CAPACITY OF BRIDGES

REHABILITATION PLAN

a8

METHOD - : ADDING SIDEWALK BY CONSTRUCTION OF AN
INDEPENDENT BRIDGE
DWRAWING L BEFORE AFTER

REHABILITATION REHABUATATION

. ADDITIONRL
EXISTiNG SIDEWALK
CARRIAGEWAY

U

STEEL PRE

APPLICATION CRITERIA 3

« pbsence of Bldewalk' _ _ : :
= Inadequate lcadln? capacity of existing substructure for total load
including additionai dead and live loads,

WORK _SEQUENCE :

1) Dprive the pilea at specifiesd location. In order to prevent diaturbance to
the existing foundation, ateel piles shall be used.

2) construct the additiocnal substructure by approved methods and using appro-
priate materials as shown in the drawing.

3) After the regquired strength of the substructure concrete is obtalned,
construct the new superstructure by approved methods and using appropri-
ate materials.

4) Remove the formwork after the requlred concrete strength is reached.

It should be noted that types of super and substructures for a new pedes~
trian bridge should be the same as th2 existing types.

SPECYFICATION :

All the works required shall comply with the requirements stated in rele-
vant sections of JKR Standard Specification.

The cement used shall be ordinary gortland cement conforming to H s. 522.
Minimum concrete cube strength at 28 days shall be 30N/mm?2/20mm

Minimum c¢oncrete cover to main reinforcement shall be 70mm for substruc—
ture and 30mm for superstructure.

Bars shall be bent and measured in accordance with BS4466.

Minimum lap length shall be 32 x diameter of bar.

U RN =
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REHABILITATION PLAN : FUNCTIGWAL REHABILITATION FOR RIVER FLOW

CAPACITY OF BRIDGES

METHOD ¢ RAISING OF BRIDGE GRADE
DRAWING . BEFORE . AFTER

REHABILITATION REHABILITATION
E.

; RAISING HEIWGHT

s A/ ?,/ 7
-

|
-ﬂﬁp\‘\\ y

RACTING OF BACKWALL
i

23
b ]
RU ;[ E’E ) . U ancron san
orrrz % R N
R (P (
; !
ABUTMENT l J l
E.

APPLICATION CRITERIA :

Inadequate brldge openlng.
Required raiasing height is less than 1. on.

WORK SEQUENCE :

1) A detour road for vehicle traffic shall be provided.

2} Remove expansion joints at both abutmentse and at piers thhout any dam-
ages.

3) cConstruct Jack-bases at both abutmentas and piers and jack up the super
structure simultaneously at both asides. Remove the existing bearings
(refers to the method and gapecifications of "bearing replacement" opera-
tion)

~4) Chip off the concrete surface of the existing br;dge seats and backwalls
piers and install dowel bars by applying epoxy resin mortar or non-
shrinkage cement mortar as shown in the drawing.

5) Raise the new bridge seats and backwalls by approved methods and using
appropriate materialse.

6} Reinstall the bearings or install new bearing units if required.

7) After the required strength of the concrete is obtained, jack down the
superstructure,

8) I¥s§all expansion joints to the gap between the backwall and the deck
glab.

%) Raise both side approach roads.

SPECIFICATION ;

1y Al)l the works shall comply with the requirements stated in the relevant
Sections of JKR Standard Specification.

2} The cement used shall be ordinary portland cement. conforming to M.S,522.

3) Minimum concrete cube strength at 28 days shall be 30N/mm? /20mm.

4) Minimum concrete cover to main reinforcement shall be 70mm for substruc
ture and 30mm for superstructure..

5) Bars shall be bent and measured in accordance with BS4466.

6) Minimum lap length shall ke 32 x diameter of bar.

7) Epoxy resin shall comply with properties specified in “steel plate bond
ing" operation.

8} Minimum curing time of epoxy resin shall ke 24 hours.
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REHABILITATION PLAN

FUNCTIONAL REHABILITATION FOR RIVER FLOW
CAPACITY OF BRIDGES

METHOD H EXTENSION OF BRIDGE LENGTH
DRAWING : . EXISTING | ExTENSION |

M_F.L AFTER
REHABILITATION

M.F.L BEFORE
REHABILITATION

TR
d
L= =
.RNECHOR BAR
8 S By

a

A~A SECTION

APPLICATION CRITERIA @

Inadequate bridge opening

Raising height reguired is more than 1.0m.

Adequate loading capacity of existing abutment at extensuon gide for total
load including additiconal load due to bridge extension.

WORR SEQUENCE ¢

1)

6)
7)

A detour road for vehicle traffic shall be provided.

Cogsfruct new abutment by approved methods and using approprlate mat-
erials.

Attach the concrete cantilever support to the existing abutment accordlng
to the method and specifications for “wldenlng carrlageway by cantilever
support attached to substructure”.

Remove . expanslon joints at the abutment.

After the required strength of the new substructure concrete is obtained,
construct the new superstructure (brldge expanSLOn) by approved methods -
and using appropriate materials.

Excavate the ground under the ex;sting bridge and extension part for the
river flow.

Install new expansion joints to the both ends of new constructed bridge.

SPECIFICATION :

B g BWN s

_All the works shall comply with the requlrements stated in the relevant

Sections of JKR Standard Specification.

The cement uaed shall be ordinary portland cement conforming to M.S. 522.
Minimum concrete cube strength at 28 days shall be 30 N/mm2/20mm

Minimum concrete cover to main reinforcement shall be 70mm for substruc-
ture and 30 mm for superstructure.

Bars shall be bent and measured in accordance with BS4466.

Minimum lap length shall be 32 x diameter of bar,

Epoxy resin shall comply with properties specified in "Steel plate Bond
ing" operation.

MiAimum curing time of epoxy resin shall be 24 hours,




$.3.3 Hydraulic Rehabilitation Techniques

Hydraulic rehabilitation technigues include slope protec-
tion, foot protection, river bed protection and river rea-
lignment depending on the extent and nature of the hydraulic
problems encountered such as scour, erosion, flcocod flow.

- Slope protection is applicable to river banks adjacent to
abutments where erosion is observed. .

- Foot protection is applicable to footings of the slope
protection in order to prevent slope failure caused by
sconring action on the river bed.

- River bed protection is applicable to river bed surround-
ing the river piers where local scouring or river bed
lowering is observed.

- River realignment (Rechanneling) work is applicable to
extremely eroded banks of a meandering river located at
the vicinity of a bridge upstrean.

selection of a specific rehabilitation technique depends on
the stream type, river scale, flood flow velocity, founda-
tion type and geology of each site. Each type of the reha-
pilitation technigue is shown in Table %-8 together with the
corresponding application criteria.

Table 5~8 Hydraulic Rehabilitation Techniqdes and
Corresponding Application Criteria

Application Criteria
O Siope; 1:05-15
o Height; Less than 5m
o Application .
Small to medium scala river
o Slope; 1:03 - 1.0
o Height; Lessthan 3m
o Application
Hapid stream and smal to medium scale
river.
o Slepe; 1:1.5-2.0
o Height; Lessthan 5m
o Application
Madium to large scale river.
o Slopo; 1:15—- 2.0
o Height; Lessthan 5m
o Application
Tidal river and bank subjected to wave farce.
o Small ta medium scale river and foundation
ground is refatively sotid.
o Small scale river and foundation ground is
soft.
o Medium to large scale river or rapid flow
valoeity.
o Mormal water level at slopeg tos is morse than
- about 3.0m and it is difficult to provide base
concrete under river bed at slope toe.

Method
— Stone Masonry

Rehabilitation Plan
o Slope Protaction

— Concrete Block Masonry

— Concrate Block Pitching

— Concrete Frame

o Foot Protection — Dumped stone

— Wire Mesh Gabion

[~ €oncrete Block Malress

— Sheet Pile

o River Bed Protection

— Wire Mesh Gabion

o Foundation protection.

~ Dumped Stone & Wire Mesh
Gabion

o Local scouring.

o River Realignment

— Spur Dike by Stone Magornty

— Spur Dike by Concrete Pile

o Large scale river. ]
o Madium to large scale river. _]




REHABILITATION PLAN : HYDRAULIC REHABILITATION

METHOD : SLOPE PROTECTION

DRAWING | | | ; o |
BEFORE REHABILITATION . AFEER REHARBILITATION

TYPE AND MATERIAL APPLICATION CRITERIA
1)} Stone masonry {(Type A) :
SLOPE HEIGHT : APPLICATION
1:0.5 - 1.5 less than 5m small to medium

scale river

2} Concrete Block Masonry (Type B) :
SLOPE HEIGHT APPLICATION

1:0.3 - 1.0 less than 3m rapid stream and
gmall to medium
‘scale river

SLOPE - HEIGHT APPLICATION

£ £ 1:1.5 - 2.0 less than 5m medium to large
oL S -y gcale river
S éL ASE CONCRETE

4) Concrete Frame (Type D)

SLOPE HEIGHT APPLICATION

1:1.5 - 2.0 less than 5m tidal river and
bank subjected to
wave force
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REHABILITATION PLAN : HYDRAULIC REHABILITATION

METHOD 3 FOOT PROTECTION

DRAWING BEFORE REHABILITATYON AFTER REHASILITATION
RESUIRED WIDTH OF FOOT PROTECTION fom—| e

MEAM FLOOD FLOW VELOCITY (V)
2mfs > V2 <V < dmfs V> 4m/s
WIDTH  2-5m 4-6m MORE THAM &m

TYPE AND MATERIAL APPLICATION CRITERI

1) Dumpsd Stone {Type A)

- Small to medium scale river and found-
ation ground is relatively solid.

- Small scale river and foundation ground
is soft.

WIREMESH @ABIQH

3) Concrete Block Mattress (Type C)

- Medium to large scale river or rapid
flow velocity.

REQUIRED WEIGHT OF A COMCRETE BLOCK
HEAN FLOOD FLUH'VELOCITY (V)
Zm/sec > V 2 <V < 4mfsec V > dm/sec
WEIGHT 0.2-1.5ton 1-3 ton MORE THAN 2ton

4) Sheet Pile (Type D)

/QQIEE%QT@¢€ - Normal water level at slope toe 18 more
e than about 3.0m and it is difficult to

provide base concrete under river bed at
slope toe.

BASE CON_CRE TE

SHEET PILE




HYDRAULIC REHABILITATION FOR THE BRIDGE

REHABILITATION PLAN
RIVER BED PROTECTIONR

HETHOD

$& a0

DRAWING

BEFORE REHABILITATION AFTER _REEABILITATION

APPLICATION CRITERIA

TYPE AND MATERIAL

1) Wire Mesh Gabion (Type A) -
- Foundat ion Protection

2) Dumped Stone & Wire Mesh Gabion (Type B)
- Local Scouring:

Y WIRE MESH GABION _
(20X1.0X0.5m)

DUMPED STONE




REHABYLITATION PLAN
HETHOD

HYDRAULIC REHABILITATION
RIVER REALIGNMENT

DRAWING _
BEFORE REFRBILITATION

EXISTING
BRIDGE

AFTER REHABILITATION

%

Ne
e EXISTING
? ELow BRIDGE
i

TYPE AND MATERIAL
1) sSpur Dike by Stone Masonry (Type A)

' GROUTED RIPRAP

TIRTUTTERD.)

" i A St e d e LOOSE

" BOULDER

| S——

[OOSE BOULDER aanoy
2000

Para o

CRIGINAL GROUND
SURFACE

_LOOSE BOULDER

WOODEN LOG -

ORIGINAL PILE DISOmm

SURFACE

BACKFILLING WiTH
SAND AND GRAVEL

2) Groyne by Concrete Pile (Type B)

APPLICATION CRITERIA

- Large scale river

- Medium to large scale river

an

—5t



5.4 Management and Implementation -

Rehabilitation and strengthening work should be accomplished
with the aim of meeting the Government's policy and with the
required structural durability. Regardless of the magnitude and
type of rehabilitation required, the work cannot be acconmplished
_satisfactory without a comprehensive assessment and planning as:
well as an efficient organization with adequate staffing.

In this regard, this section presents programming and prior-
itizing methods for bridge rehabilitation, contents of detailed
engineering design for the implementation and organization of

construction management.

Schematic flow of the bridge rehabilitation works including
detailed inspection, programming, implementation and bridge
documentation are depicted in Figure 5-2 together with the re-
sponsible agency concerned with each task. IR

Figure 5-2 Schematic Flow of Bridge Rehabilitation

BMS
f
:§ & Il
i2
4
m -
Submission of Report on .
Proposal for * Rehabilitation Implementation &
Approval 1 Work - MManagement
. State .
Bridge Unit el . Maﬁ%i%ﬁcm X I KR o
(Decision Making) Action Section Action l

to be taken A A 1o ke taken - T
. ]
il I
. ' f .

Report on Inspection
Tender Issue

Action o be taken
Reporton Supervision
Rehabilitation Work By Contractor

Detailed Sl
Inspection & '

5.4.1 Establishment of a Rehabilitation Program

Distriet | . __

Office ‘Technical

Supervision

It is essential that the concept of a bridge rehabilitation
program shall fit into the JKR's general road maintenance policy
as well as the general bridge policy. Important factors which
should be taken into consideration in establishment of the reha-
bilitation program are as follows; .



~ Road development policy and road rehabilitation strategy;

- TPTraffic trends with regards to traffic volume, vehicle
loads and size; _

- Thorough diagnosis of the cause of deterioration, faults
and weaknesses and a comprehensive assessment of current
condition;

- Environmental constraints;

~ Availability of annual rehabilitation funds;

- Transfer of rehabilitation technology to JKR State and

: District staff; . ¥

- Present organization and staffing involved in the rehabili-
tion work; :

- Enhancement of the local contractors' capability;

In developing the rehabilitation program for a large number
of the bridges, the decisions reached should tend towards an
overall optimization from an economic point of view. In this
respect, "Economic Evaluation" by means of calculation of several
economic indicators such as Internal Rate of Return(IRR), Net
Present Value(NPV) and Benefit/Cost Ratio(B/C} could be the best
method to justify the viability of an individual scheme, to
establish their ranking or to compare one scheme to another. The
economic evaluation method is elaborated in Annex-I.

Based on the evaluation results as well as the other
factors listed above, the practical programming of the rehabili-
tation work shall be carriéed out by the Bridge Management Section
in the Bridge Unit using the Bridge Management System.

5.4.2 Detailed Engineering Deaigh and Tendsring

: The Bridge Unit in the Federal JKR is responsible for prepa-
ration of the detailed design of the rehabilitation work and
carrying out the tendering to select a prospective contractor.

In this regard, the detailed engineering design includes the
following works;

-Field survey
Supplemental traffic study, Topographic survey, Subsoil
investigation, Hydrological survey, and Structural
investigation;
~Detailed design
Review of current design criteria,
Structural analysis of the existing bridge and selection
of rehabilitation methods and
Estimation of the work quantity.
-Cconstruction planning
Packaging
construction schedule and method
Study on advanced materials and rehabilitation methods
-Cost estimate .
Unit price analysis
Project cost estimate
Financing schedule



~Preparation of Tender Documents
Instructions to tenderers
Form of contract
Condition of contract
Technical specification
Bill of guantities
Tender draw1ngs

While the tenderlng acthltles conqlsts of as follows,

-Tender issue and Prebid conference
~-8ite orientation

-Tender evaluation

—Negotlatlon with the contractor
-Preparation of contract documents

5.4.3'Impleméntntidn'of Rehabilitation Work

Implementatlon of the rehabllltatlon work is under the over-
all responsibility of the Bridge Unit represented by the Chief of
Bridge Management Section, the Project Manager. The work shall be
executed on-a contract basis in principle by a contractor select-
ed through competitive biding.

_ While a team for constructlon superv151on shall be organlzed
to manage and supervise the contractor's field work but the size
and staffing of the organization depend on number of the bridges
to be rehabilitated, their locations and scale of the. respectlve
rehabilitation works. For reference purpose, a typlcal organlza—
tion is depicted in Figure 5-3 assumlng to manage and superv1se
about 15 to 20 brldges.

_ After the work has been completed, the completion report
shall be prepared by the project manager in accordance with the
standard reporting form attached in Annex-H and be submitted to
the Bridge Unit though the State JKR concernéd.

Figure 5-3 Typical Organization for Construction Supervision
- 5 . Section Chief Ll
Bridge Unit of Bridge Management
I Specialist Group Project [NIa.nter
E Resident Engincer — Scecrctary

N}ﬁdge EngineerN — Accountant

— Typist

Administration Group

Materiz} Bngineer thef}nspeclor

: S1aff belonging to Federal T.evel,

@ : Siaff belonging to Siate Level.

=) : Staff belonging to Distri et Level.

L] : Responsibility is to oversee the project for nation-wide
and only one project manager regardless of number of subprojecis.
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ANNEX - A
BRIDGE INVENTORY SURVEY SHEETS
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Axle Load Study
Bridge Group -~ Visual Ingpection Sheet 1

Toam Number

Pasin Leader

Date

Bridge Location Data

vahicle Hileometer Reading

zaeroed at Km

Travelling In Direction of Increasing/Decreasing Km

Bridge Number

Route

Bastwean and

state

District

Name of Bridge or River

Notes on Location

Sketch Plan (Dimension all Spans, Skew Angle Sketch in River)



Axle Load Study
Bridge Group Vismal Inspection shaet 2

Bridge Number

Dimensioned Sketch of Main Beams {MM)

If sStandard Beanm Give Type

Centres of Main Beams ' (M)

Dimensioned Sketch of Cross Girders/Bracings (MM)

Centres of Cross Girders {})




Axle Load Study
Bridge Group - Visual Imspection Sheet 3

Bridge Numbex . \ml ﬁﬁ.‘

Croes Section of Bridge (Show G/All Width, Read Width, Footway Width,
Depth of Slab, Edge Detail) Metres

Long Section of Bridge (Show O/All Length, Positien of River, Depth to
Water Level from edge, Sketch Piers) Show Articulation.

Estimated Distance Bearing Centre Line to Span End



Axla Load sStudy

Bridge Group - visual inspection Sheat 4

Bridge Number:

Structurs Data
Yoar Puilt:
Bridge Crosases

Is Rivaer NavigableYRS/NO

Lighting YES/NG
services carried

|

|

|

|

||

pvaer What Widih

catchment Vegatation
Jungle/Agricul tural/Urban/swvamp

conditon Rating

Bridge Pparte

Material/Type

Condition Rating

Foundation

f1-3}

H/A

Abutment (2 Hos)

pler -

Bearing

Beam/Girder

Dack

surfacing

Wingwall

Expansion Jeint

Railing

brainage

Bank Protaction

Figqures with and without

} show part ratings from bridge eafety view
point and from maintenance view point reapectively



Axle Load study
Bridge Group Visual Inspection Sheet 5

Bridge Number [

Engineers Commanta




axle Load Study {Supplemented by JICA)
Bridge Group ~ Visual Inspection Sheet 6

Foxrm - €

Bridge Number:

i |

Name of Bridge or River 1

- Flood water level (based on interview to residents who are living

- Availability of

- Availability of

- Availability of

at this bridge viecinity)
Adeguate Inadeguate

~_Flood time duration
{ . min)

____Flood frequency/year
{ : times})

Bridge Prawing (As built or As measured)

Yos No

subscil data (Boring log or subsoil profile)

Yeas Ho

detour road in case of bridge collaped

Yeas No

Datour Route
Arf . )-B1( ) - )

How far compared normal route?
{Approx. Km}

- Necessity of sidewalk in case of the absence of sidewalk at present.

Yes ] Ho

because

A—8



| ANNEX - B
STRUCTURAL CONDITION CHECKLIST
DURING SUPERFICIAL INSPECTION
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ANNEX - C
STRUCTURAL CONDITION CHECKLIST
DURING PERIODICAL INSPECTION
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ANNEX -D
STANDARD DRAWING FORMS
ON DETAILED INSPECTION
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