


1. General

Malaysla was once ruled by the British and as a result,
pridges in Malaysia have tradltlonally been desxgned to Brltlsh
gtandard. Throughout the years various revision of the British
gtandard and modification on the application of the standard to
suit Malaysian condition has been carried out resulting in
pridges being 6951gned to various loading and d351gn spe01flca=
tion. Even today various standard has been used in bridge design,
JKR Bridge Design Manual for example, adopted BS153 as its design
staﬁdard while the current applicable British Standard is BS 5400
vhich is used by some bridge designers in Malaysia. For the
purpose of this study the design criteria to be applied are based

on JKR bridge design practlce except where the specification is
not clear then The Japanese Bridge Design Speclflcatlon will
suffice. The design criteria covers the following aspect of

design: -

- Geometric design standard

- Bridge clearance

- Bridge width

- ridge loading

- Design method

- Material and allowable stress

- Superstructure design

~ Substructure design

- Applicable bridge design standard

2. Geometric Design Standard.
The‘geometric désign standard to be applied in this study is

based on the JKR "ARAHAN TEKNIK (JALAN) 8/86". The summary of the
design standard is as follows:-

- Design speed......v.... P 70 - 100 Km/Hr

- Lane width for 2-lane....... ceeee - 3.5m

- Shoulder (general area) .....--. 3.0m
(mountainous ATCA) + v o . 1.5nm

- Sldewalk ......... s e 2.0m

~ Vertical Clearance (over road).. 5.0m

(over rail).. 6.5m

- Crossfall. B T P 2.5%

- Superelevatlon rates(max) ........ 0.10 m/m

- Horizontal radius (min.). cee-. 465m

- Vertical Gradient.......... N 6%
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3. Bridge Width.

In the study, design standard of R5 road is applied ij
principle. However the width of the bridge depends on whethey
there is side walk or not. The difference between this two type
of bridge width requirements is shown in the Figure N-1 and N-3

below; :

Figure N~i Normal Bridge cross-Section
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Figure N-2 CrQSS“SectiOn of a Bridge With 8s8idewalk
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4. Free Board.

Hydraulic analysis shall be carried out based on DID Hydro-
logical procedures (either Hp No.5, Hp No.ll or Hp No.4). The
free board reguirement is not clearly stated in the JKR bridge
Design Manual, thus the recommendation given in the Japanese
pridge design specification is adopted. For this study the goffit
of the bridge deck shall be designed such that it is above the
designed flood level with a free bhoard as tabulated in Table N-1.
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Table N-1 Free Board For Bridge Over River

Free Size of Design flood
Bqard River flow Qf(cumeC)
0.50m Small river Q, < 500
1.00m Medium river 500 < Q. < 2000
1.50m Big river Q. > 2000

5. Bridge Loading

Loads acting on the bridge structure includes Dead Load,
Live Load, Load due to centrifugal force, Tractive/Braking Force,
collision load on bridge parapet, collision load on bridge sup-~
port, Wind Load, Load due to creep, shrinkage and temperature;
puoyancy or uplift force and Forces of Stream Current and Debris.
since the study is only concerned on the preliminary design, the
bridge loading which is not critical to all type of bridges in
the study will not be considered in the analysis. Hence the load
to be considered shall be limited to the following type of load-
ings:-

Dead Loads.

Primary Live Loads.

Tractive/Braking force.

Centrifugal force _

Collision load on bridge support

Collision leoad on bridge parapet

Pedestrian load (sidewalk loading)

Load due to temperature. _

Forces due to stream current, debris and floating log.
Forces due to earth pressure.

i S

(1) Dead Loads

The unit weight of bridge construction material as given in
Table N-2 below may be used for calculation of the dead load:-

Table N~2 The Unit Weight of Bridge Construction Material

Material Unit Weight
(KN/cu.m)
Reinforced Concrete 25
Pregstressed Concrete : 25
Asphalt Pavement 23
Steel or Cast Steel 77
Cast Iron : 71
Alluminium Alloys 28
Timber ‘ 8
Stone masonry 27
Bituminous water proofing material 11
Compacted sand, ‘earth or gravel 19
Loose sand, earth or gravel 16
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The unit weight of ancillary bridge construction material ag
given in Table N~3 below may be used for calculation of superin-
posed dead load:- : o

rable N-3 The Unit Weight of Ancillary Bridge
Construction Material '

Material Unit Weight
100mm nom.dia. water main: 0.24 (KN/m)
150mm nom.dia. water main 0.46 (kN/m)
200mm nom.dia. water main 0.73 (kN/m)
250mm nom.dia. water main 1.13 gkN/m;
300mm nom.dia. water main 1,47 (kN/m
380mm nom.dia. water main 2.08 (kKN/m)
10.0m high Lamp Post 1.31 (kN) -
12.0m high Lamp Post 1.71.£kN) .
RC pParapet + Handrail 7.32 (kN/m)
std.Kerb + Handrail o 4.21 (kN/m)
Std.Kerb Divider 1.80 (kN/m)

(2) Primary Live Loads

Live load to be applied in the study shall be TLTAL loading
which is applied on each notional lane. Details of the applica-
tion of the LTAL is as follows:-

- Notional Lanes.

The width of each notional lane is fixed at 2.5m within the
carriageway of the structure. Only integer numbers of the no-
tional lanes shall be used. Areas of the carriageway not covered
by the notional lanes shall be loaded with the minimum pedestrian
loading of 5 kN/m2. ' ,

- LTAL Loading.

LTAL Loading consists of a uniformly distributed Load and a
Knife-Edge Load combined, or a twin wheel load. The Nominal
Uniformly Distributed Load (UDL) to be applied on a 2.5m lane
width is as shown in Table N-4 below:- :

Table N-4 LTAL Load For Various Loaded Length

Loaded Length LTAL
L(m) (kN/m/Lane)
L £ 20m w = 176.8-1,06
20m < L < 40m W= (93.6+4.16+L) L6
40m < L < 50m w = 260.-L%¢

where:
"W ig the Loaded length in meter and "w" is the

load intensity in kN per meter of notional lane
width. : .
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The KEL per notional lane width shall be taken és 100 kN. No
dispersal shall be assumed for UDL and KEL.

Twih nominal wheel load alternative to UDL and KEL consist
of two 112 kN wheels spaced at 1.8m apart. Each of the wheel is
uniformly distributed over a circular or square contact area with
effective pressure of 1.1 N/mm? (i.e. 360 mm diameter and 320mm
side effectively). The wheel load is dispersed at spread-to-depth
ratio of 1 horizontal to 2 vertical through asphalt and 1 hori-
zontal to 1 vertical through structural concrete.

~ Appliecation of $TAL-Loading.'

The UDL and KEL loads shall be applied on two notional lanes
so as to give the worst effects on the structure. The rest of the
notional lanes shall be loaded with 0.6 times LTAL UDL and KEL
as illustrated in Figure N-3 below. The carriageway width shall
pe taken as the width between raised herbs. In the absence of
raised herbs, it is the width between safety fences, less set
back of 0.6m.

Figure N-3 Application LTAL UDL and KEL Lecad

r PARAPET

Full LTAL UDL

lolem

Full LTAL UBL

0.6 LTAL UDL

12.0m

0.6 LTAL UDL

PEDESTRIAN LOAD

[—- RAISED KERB

"NOTE : LANE LOAb]_NGS ARE INTERCHANGEABLE FOR
THE MOST SEVERE EFFECTS

{3) Load Due To Tampé:ature.

Load effect due to temperature difference can generally be
ignored in the preliminary design. However the following data may
be used if reguired :-

- = The overall bridge temperature shall be taken as 20°C.
- Coefficient of thermal expansion for structural steel
- and for concrete shall be taken as 12x10°%and 10x10
respectively.
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{4) Centrifugal Load

Centrifugal load on curved bridges shall be applied onh any
two notional lane at 50m centres acting radially at the surface
of the road and parallel to it. The centrifugal force shall bpe
determined as follows:-

30000
(r+150)

c

where F, = Centrifugal force (KN)
r = Radius of curvature of lane (m)

Each load F, shall be either taken as a single load or
sibdivided into two parts of’g F_ and 53'F at 5 m centres longi-
tudinally, whichever gives the fesser effect. A vertical live
load of 300 kN, distributed uniformly over the notional lane for
a length of 5m shall be considered to be acting together with
each F, and coincide with it. Where the centrifugal load is
subdivided, the vertical live load shall be subdivided in the
same proportions.

(5) collision Load on Bridge Support

The nominal collision loads on bridge support at bridges
over the highway are given in Table N-5 below together with their
direction and height of application.

Table N-5 Collision Load on Bridge Support

Load Load
Type of normal parallel Point of application
load to the to the on bridge support.

transmitted|carriageway |carriageway
below (kN) |below (kN)

Load Any one bracket
transmitted 150 50 attachment point or,
from guard for free standing
rail fences, any one point

0.75m above carriage-
way level. '

Regidual i ' At the‘moat severe

load above 100 100 point between 1lm and
guard rail Im above carriageway
' level.

Bridge supports shall be capable of resisting the load
transmitted from the guard rail applied simultaneously with the
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reqldual load above the guard rail. Loads normal to the car-~
riageway are to be considered separately from loads parallel to
the carriageway. No other primary live loads is required to be
considered on the bridge.

(6) Collision Load on Bridge Parapet
Elements supporting bridge parapet shall be designed to
resist loads due to vehicle collision with the parapets. The
nominal load shall be as given in Table N~6 below:-

Table N-6 Collision Load on Bridge Parapet

Collision load on parapet

Type'of
parapet High level ' Normal level
. containment containment

Concrete Moment 25 kiNm/m .| Moment 12.5 kNm/m

Metal _ Force 50 kN Force 25 kN

For concrete parapet the moment shall be applied uniformly
at the parapet base. The transverse collision force on metal
parapet shall be applied equally between the number of effective
longitudinal members and acting at the centroid of the members.
The associated primary live load to be applied shall be twin
wheel load of 112 KN each spaced at 1.8m apart.

(7} Bidewalk Loading

Sidewalk loading to be used in the study shall be taken
as 5 kN/m2 for span length up to 50m.

(8) Traetive/Braklng Force.
The lonqltudlnal ioad resultlng from traction or braking of
vehicles shall be applied at the road surface. and parallel to it

in one notional lane only. The nominal traotlve/braklng load
shall be. taken as follows:-

T = 8.L + 200 (KN); ( but not more than 450 kN ).

where; L is Loaded length (m).

(9) Forces of Stream cﬁrrent, Debris and Floating Log.
- Force due to stream current
All plers and other parts of the structure which are

subjected to the forces of flowing water, or debris shall be as-
sesged accordingly. The force induced shall be calculated as
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follows:~

The forces. induced by flowing
KeV2z A water shall be taken to be
acting at 0.6H from river bed

P

where o
P = Pregsure (kN).
'V = Maximum current velocity (m/s).
A = Vertically projected area of pler (1°) .
H = Depth of water (m)
K = Constant determined by the qhape of the pier as

shown in table N-7 below.

Table N~7 Resistance'Coefficient'of Bridge Pier

Shape of the end of bridge pier
facing the stream Constant
e L] 0-07
> R
e ' o) B
D 0:-04
- L CH -
- > 0-02

~ Force due to debris blockade.

Where blockage by debris is llkely to cccur, allowance shall
be made for hydrodynamic forces acting on the minimum depth of
1.2m of debris. The length of debris blockage affectlng any piler
*shall be taken as half the sum of the adjacent spans. However,
for minor bridges, the debris loadings need not be considered. if
the free board over the maximum flood level is more than 1.5m.
The pressure P, induced by the debris on the pier shall be taken
as follows;

P= 0.517-V2 (kaﬁz)
Where V is the approach flow ve1001ty (mfs}.
- Forces due to 1og impact
Where floating logs are likely, the force éierted'ﬁy 10

tonne logs traveling at normal stream velocity shall be assessed.
However the force due to log impact shall not be applled conculr-
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rently with debris force. The force due to log impact shall be
calculated as follows;

F= 0.1'W-V (t)
Where :

W
v

Weight of log (10 Tonne)
Normal stream velocity (m/s)

{10} Forces due to Earth Pressure.

Structures which retaln earthfills shall be assessed to
withstand pressure as given by Rankine's formula. In normal
pridge design, because horizontal granular backfill is often used
pehind abutments, ground water conditions can be ignored. The
earth pressure acting on the abutment depends on whether the
abutment is movable type or not and also the type of soil. For
preliminary design the following formula shall be used:-

- PEarth pressure acting on movable walls;
{a) Sandy soil
P =K rh + K -q

P, = K *r+h + K :q

{b) Cohesive soil

P, =K r-h - 2-0"(1(3. + K g

a

P
p

Kp!f'h + Z‘C'VKP + Kp-q

(2) Earth pressure acting on fixed wall;
P, = K +r+h + K °q

where;

= Bulk den51ty of éarth (kN/m?) .

Active earth pressure (kN/mz).

Passive earth pressure (KN/m2}.

Coulomb's active earth pressure coefficient.
Coulomb's passive earth pressure coefficient,
Coefficient of earth pressure at rest.
Height of abutment (m).

.80il cohesion (kN/m2).

Surcharge (kN/m2).

® g o

-U.
T T O O

W

L OQPFRERD D™

The internal angle of friction of granular backfill materi-
al behind abutments shall be assumed to be 30°. Live Load sur-
charge for suitable material properly consolidated shall be taken
as 20 kN/mz.
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6. Deasign Method Applied.

The assessment of the existing bridges and rehabilitatiop
work jointed directly to the existing bridges shall be in accorgd-
ance with elastic design method (allowable design stress method),
while for an adding sidewalk which is not attached to the exist-
ing bridge or a conmpletely new bridge for rehabilitation by
total replacement, the design shall be carried out using ultj-
mate limit design method. '

The reasons for adopting these two different design methods
in the preliminary design are : - '

- All the study bridges were designed to BS153 which
follows the elastic design principal, :

- Quality of materials used in the study bridges is
scattered (i.e. strength variation is very wide) :

Thus, it is safe to apply elastic design method for the
assessment and the rehabilitation design. However, quality of
material and accuracy of desgign for an independant structure can
be controlled properly within very low tolerance. Therefore, it
is rational to apply ultimate limit design method only for an
independant structure which will not be attached to the existing

bridge.

The elastic design method shall be based on the guidelines
given in JKR Bridge Design Manual, while for ultimate limit
design the provisions prescribed in BS5400 shall be applied.

7. Bridge Planning
(Applicable to only total bridge replacement)

- Determination of Bridge Length

The clearances of a bridge controls the bridge's length as
indicated in the following. From the intersection of ordinary
water level and ground surface as shown in the sketch below, the
proposed slopes of protection work follow the slope of the bank
as close as possible, having in mind not to constrict the. area of
the water way required. Then the top of roadway elevation was
determined based on the Design Flood Water Level (DFWL).

The distance between the intersections of the slopes of
protection work and the top of. roadway elevation represents the
length of bridge required, which is the total distance between
the back of backwalls. Minor adjustments shall be made, if
necessary, to suit the length of standard type of superstucture
to be adopted.
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Free board under a bridge shall be determined taking into
con51deratlon the necessary space needed for river navigational
ways and maintenance, etc. The river adrinistrative clearance
from the bottom of the bridge girder or beam to design flood
water level will vary from 0 5m to 1.5m depending on the size of

rlver o

TOTAL LENGTH OF BRIDGE_REQUIRED

BACKWALL | b———— FACE OF BACKWALL L} BACKW
: “\ | L~ ALL
.8 ;op OF ROADWAY
o
g% gOTTOM OF GIRDER /
wg QEHL
Ww'o 2
m

The design elevation of the bottom of bridge girder shall
not be lower than the highest water level plus the free board.

Free board (below the bridge)} - For non navigable river;
generai clearance between D.F.W.L. and the bottom of the lowest
member of superstructure shall comply with the requirement stated
in Table N~-1.

 Vertical Clearance (Navigable river); The DID or Marine
Department shall be consulted for determining the minimum hori-
zontal and vertical clearances under a bridge before preparing
the final design and plans of the proposed bridge.

- Applicable Bfidge'Typea

To select the appllcable types of superstructure, substruc-
ture and foundation, the basic and important factors to be taken
into consideration shall include economical construction, stabil-
ity and safety, shorter construction period and ease of mainte~

nance and operation.
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Figure N-4 DBpplicable Types of Concrete Bridge
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Figure N-5 Applicable Types of Steel Bridge
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Figure N-4 and Figure N-5 show the relatlonshlp between the
superstructure type and the span length based on the samples of

bridges.

superstructure types :

The following items are fundamental in the selection of

Reinforced concrete structures are initially considered

except for spe01al requirements of steel structure
because of easier maintenance. :

applicable for short span length (10m to 15m).

Prestressed concrete girder,

Reinforced concrete beam and steel I-beam types are

and steel plate girder

types are applicable for medium span length (20nm to
50m) .

Append-N



- Prestressed concrete box girder, steel through truss
and ranger girder types are to be applied for long span
length, (60m to 150m).

Figure N-6 Applicable Types of Pier
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Figure N-7 Applicable Types of Abutment
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Figure N-6 and Nf7:Sh0W the applicable substructure types in
accordance with the required structural height of a bridge. The
selection of substructure types is based not only on specified

figures but also on the following considerations :
- Reinforced concrete structures.

- The cross section of pier column in the river is circu-
jar or elliptical. and rectangular shape with no re-
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stricted conditions.

- Non sliding of the back fill ﬁaterials behind abutment
structure is considered in the selection in the abut-
ment type to avoid the approach settiement.

Figure N-8 Applicable Types of Foundation
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Figure N-8 shows the applicable foundation types in accord-
ance with the required effective depth to sustain the upper-
structures. The following are considered in selecting the foun-
dation type :

- Possible constructlon depth is studled in consideration
of so0il conditions.

- The advantageous type is considered for works above
water e.g. reverse circulation drill pile.

- The prefabricated pile types are'advantageous when the
bearing stratum is within a shallow range.
8. BSuperstructure Design.

In principal, JKR standard design of superstructure shall be
applied if applicable. .

The design method and manners of the superstructures such as

Reinforced Concrete, Prestressed Concrete and Steel Structure
shall be based on the provisions prescribed in BS5400.
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o, gubastructure Design

‘The present practices of substructure design in Malaysia is
paged on BS8004. Since foundation design is universal and for
practical purpose, standard Specification of Highway Bridges in
Japan for substructure design is adopted in this manual. Thus,
followings are presented for reference.

The substructure could be founded on spread footing, caisson
or pile. Ih general the type of foundation could be classified
accordance toc table N-8 and N-9 below.

Table N-8 Classification of Spread Footing and Caisson

Foundation -
Type of Ratio of Df/B
Foundation s
'Spread_footing Df/B < 1/2
Caisson Df/B > 1/2

Df: "Effective embedded depth
B’: Shorter width of foundation

Table N-9 Classification of Caisson and Pile Foundation

‘Type of | Pile or Caisson
foundation Characteristic
Caisson S B.L <1
short pile | 1 < B.L <3
‘Lcng pile ' p.L > 3

whete}-

L _embedded length of caisson or pile (m)

characteristic value of caisson or pile =*vKD/4EI (n%)

B =

EI = flexural rigidity of caisson or pile (KNmz2).

D = Diameter of caisson or pile (m). ‘

k = coefficient of horizontal subgrade reaction of caisson
or pile (kN/nF)r :

note:-

1.tk?  for caisson shall be taken as a mean value from
ground surface to the point of % depth.
2. k' for pile shall be taken as a mean value from

ground surface to the point of '/, depth.
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In principle the foundation shall be designed so that it is
stable against bearing, overturning and horizontal movement.

{1} Footing Foundation

_The depth of footings shall be determined depending on the
type and characteristic of the foundation material. In general,
for footing not founded on rock, the base of footing should be
founded at depth preferably not less than 1.2m balow the strean
bed for abutment and 1.8m for piler. This preferred minimum depth
shall be increased depending on the site condition. For assess-
ment and preliminary design purposes and where subsoil data is
not available, the assumed bearing capacity and angle of internal
friction for a broad basic soil type shall be as given in the
Table N-10 and N-11 respectively. _ _

Table N-10 Allowable Bearing Pressure For Spread Footing

Type of |allowable Bearing
Bearing Material Pressure KN/m?2
Consistency - - _
Ordinary |[Recommended
|Range ¢ for use
Alluvial Seil Soft {0 - 80 50
Medium 100 - 200 150
Very stiff to hard|200 - 400 250
Homogeneous inorga-| Soft 50 - 80 50
nic clay, sandy Medium to stiff 100 -~ 300 = 200
or silty clay Very stiff to hard|300 - 500 300
Fine to Medium Loose {100 - 200 100
Sand _ Medium Dense 1200 « 300 200
Very Dense 300 - 400 300
Gravel, gravel-sand | Loose 200 - 300 200
mixtures, boulder- Medium Dense 400 ~ 600 400
gravel mixtures Very Dense 600 - 800 700 |

Table N-11 angle of Internal Friction For A broad BasiGISGil TV

Type of . Angle of friction
Bearing Material
Alluvial Soil 26 -~ 30
Moigst Sand 30 -~ 35
Submerged Sand 25 - 30
Gravel . 35 - 40
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In the preliminary design of footing, an appropriate safety
factor has to be applied. The allowable hearing capacity of the
footing shall not be more than 1/3 the ultimate bearing capacity
of the ground. The horizontal reaction of the foundation shall
not exceed 1/1.%5 of the passive resistance of the ground. The
gpread footing shall have the safety factors of 1.5 against

sliding.

The sliding resistance at base of footing shall be

obtained as follows:-

H = C:A + V+tan ¢

U

where;

H, = Maximum sliding resistance (t)

¢ = cohesion of foundation and ground {(t/m?)

¢ = friction angle between foundation and ground (°)
A = effective loaded area (m?)

Vv = vertical load (t), excluding buoyancy

(2) Pile Foundation.

Generally the pile should penetrate not less than 3.0m into

hard cohesive or dense granular material.

In addition to that,

for plle bents type pier, the pile should penetrate not less than
Y, of the total length of pile. The bearing capacity of plle

shall be

estimated based on the following formula;

= {(Ru - Ws)/n}.+ Ws - W

where

?D‘cm Em'k'.". B R

=]

Allowable load carrying capacity of pile (t}).
Safety factor (refer to Table N-12}.

Eff. wt of soil replaced by the pile (t).

Eff. wt of pile and earth in it (t). _
Ultimate bearing capacity of pile (t) = dA+U6Lf.
Cross-sectional pile tip.

Ultimate bearing capacity per unit area at pile tip.
Circumference of the pile.

Penetration Lenqth of pile/depth of stratum where
skin friction is considered (m).

Maximum skin frictional resistance (t/m2).

=%

Hon i i I i I i il

-

Fh
i

-

Table N=12 Pile Safety Factor

Type of Safety Factor
Pile o (n)

Load Bearing_ - 3
Friction 4

In case of driven piles, the ultimate bearing capacity per
unit area at the pile tip may be estimated from figure N-9 below;
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Figure N~9 Chart For Calculating The Ultimate Bearing
capacity of The Ground at Pile Tip Per Unit
Area

—

EQUIVALENT LENGTH OF PENETRATION INTO BEARING 'STRATUM)
PILE DIAMETER

{

In figure N-9 above ‘g, /N' is given as a function of the
ratio of the length of the of the pile embedded into the bearing
stratum. The bearing capacity shall be taken as the sum of the
end bearing capacity and skin friction capacity. In general, the
bearing stratum could be considered to be “good' when N-value for
sand and gravel exceeds 30 and for cohesive soil N value is: above
20 (ie g exceeds 0.4 N/mm2). The following formula shall be used
to calculate ¥ to be used for estimating the bearing capacity of
a driven pile (ie. based on Figure N-9 above).

= (N, + V)
2
where;

N = N value of the ground for design (but < 40)

N, = N value of pile tip.

N, = Mean N value within the range of 4D upward from plle-
tip.

(If N value tend to decrease from pile tip downward, the
mean value within the range of 2D from the pile tip
shall be taken for N,). :

The equlvalent penetration length shall be. taken as the
distance from the pile-~tip to the point where the two egqual areas
surrounded by the N-value distribution curve and the line of .

The frlctlon force depends on the type of pile and soil.

The maximum friction force in Tabkle F-13 below may be used for
preliminary design.
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Table H¥-13 8kin Friction Force

Seil Type _'Skin friction force (t/m2)
Cast in place Cast in place
| driven
‘Sandy Soil N/ ( < 10 ) N/2 (£ 12 )
Cohesive Soil g C. ér N c/2 or N/2

Note;

€ = cohesion of the ground surrounding the pile and it
may be assumed to be % of the unconfined compres-
sive strength of the undisturbed soil sample.

For prellmlnary design ‘the N value need not be modified.
The minimum distance between the centers of the piles in the
outermost row and the edge of the footing may be 1.25 times the
pile diameter in the case of driven piles and equal to the pile
diameter in the case of cast-in-place concrete piles. The centre
to centre spacing of both type of pile shall be 2.5 times the

dlameter of pile.

{3) Caissan Foundation.

In the preliminary design of calsson foundation, the verti-
cal loads shall be euPported at the base of the caisson only.
The allowable bearing capacity may be obtained based on the

following formula:-

= 1/n+(qy ~ I,°D,) + I,;*D;

9,

qd = aaC-Nc 3 %.B.‘r‘f’B.Nf\ + rzon-Nq
where;

.Allowable bearing capacity (t/m2)

Ultimate bearing capacity (t/m?)

Safety factor = 3

Cohesion of the soil at base of caisson (t/m2)

bulk density of ground at base of caisson (t/cu.m)
‘bulk density of earth surroundlng the caisson

= shape factor of the base of caisson as in table N-14
effective embedded length

qu'Nr = Coeff1c1ent of bearlng capac1ty (qu F-10)

[= 30N -]

LI I

~Qsa.a

nz‘mc -? N‘:"
n®
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Figure N-10 cCoefficient of Bearing Capacity

Coefficient ¢of bearing capacity

300
200
100 5
10 J-r -
l Y S ~—
o) 10 20 30 40 45

——=laternal friction angle (&)

Table N-14 Shape Factor of the Base of Caisson -
Shape Shapza factor of various shape of caisson
factor strip Square oval . Circular.:

a 1.0 1.3 1+ 0.3B/L 1.3
B 1.0 0.6 1- 0.4B/L 0.6
where;
B = width of the total side Diameter of caisson (m)

I

L

width of front side of caisson (m)

note; If B/L > 1 than B/L shall be taken as unity.

The allowable horizontal bearlng capacity of ground shall be

similar to footing design.

i0. Load Combination.

- BAllowable design method

Load combination for allnwable stress d951gn shall be as
specified in BS 153-Part 3B and as summaries in the Table N~15

below: -
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Table K-15 Load Combination For Allowable Stress Design

Load Loading | Incremental
Combination : coefficient for
allowable stresses
1 - D+ L 1.00
2 D+IL+F+8 . 1.25
3 D+L+CS+S ©1.25
4  |p+necees | 1.25
5 D+L+CL+S © 1,25
6 D+L+BK+5 1.25
where;
D = Dead Load.
I, = . Live Load.
¥ = Centrifugal force,
Cs = Collision load on bridge support.
CP = Collision load on bridge parapet.
CL = (ollision load due to log impact.
BK = Tractive/Breaking force.
8 = Stream current debris,

- Based on engineering judgement, forces from load combination
2, 3 and 4 is not critical for all bridges in the study. There-
fore for the purpose of preliminary design and assessment of
bridges in the study, only load combination 1, 5 and 6 will be
used.

~ Ultimate Limit Design

For the purpose of design at Ultimate LImit State (ULS), the
load combination given in Table N-16 below shall be considered:-
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Table N-16 Load Combination At ULS And Appropriate Partial

Facter,r‘fL

No Load Combination

Loading _

1 2 3 4 5 6

1 | p(concrete){ 1.15| 1.15 | 1.15} 1.15 | 1.18] 1.15

(Steel) 1.05{ 1.05 | 1.05| 1.05 | 1.05| 1.05
2 SIDL 1 2.75) 12.75 ) 1.787 1.75 | 1.75] 1.7%
3 S 1.10{ 1.10 -] 1.20 ] 1.10| 1.10
4 L | 1.50]1.50" - l1.25% | 1,25 1,25
5 F - 1.50 -] - - -
6 cs - - 1.25( - - 1 -
7 cp - - - | 1.25 - -
8 | cL - - - - 1.25] -
9 BK - - - - - 1.25

Note;
L. 1ive load to be applied shall be the appropriate live
load as described in (4) above.
2. 1,ive load to be applied shall be the appropriate live
load as described in (6) above.
SIDL : Superimposed Dead Load
11. Material And Allowable Stress
(1) Allowable Stress Design

The allowable stresses fof reinforced concrete design’shali
be as spe01fled in BE 1/73 and for steel de31gn shall be as
specified in BS 153 : Part 3B.

- COnarete

The allowable compressive stresses and allowable shear
stress of concrete shall be as given in Table N-17 below.
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pable N-17 The Allowable Compressive and sShear Stress
of Conerete

N i
| | Permissibte Stresses in Concrete

| class of toncrete |

I

| denoted by } 7
| specified 28 day | Compression [ | Bond
| Work cube strength| ]  Shesr |} —
[ | direct | Bending | | Average | Local |
| I : ! | i 1 ]
T -7 i
| N/ | Wmm? | W | Mgmmt | H/met | N/t
— - i -+ ; } -4
| 30 | 7.6 | 10 | o087 | 1.00 | 1.47 |
—— e
| 25t | 63 | 83 | 0.80 | 0.9 | 1.34 |
| I I | } | 1
I : i i I { T i
] 22.5 RN Y 2 B 2 T TR 2 R K - R s
p— t— i } 1 I !
| 20 | 51 | 67 | o070 | ¢80 | t.2o |
! 1 1 1 i i 1
Notes: -

t!  is applicable for the assessment in the study.
- B8teel Reinforcement

" The permissible stresses in steel reinforcement shall be as
given in Table N-18 below;

Table N-18 The Permissible Stresses in Steel Reinforéement

Permigssible Stresses in rebar (N/mm?)

Type of . Mild Steel Bars All cold work
. - 41& hot rolled
Stress ¢ < 40mml ¢ > 40mm |high yield bar

Tensile stress other
than in shear 140 125 : 230
reinforcement

Tensile stress in shear
reinforcement. That is
gtirrups and main bars, 140 125 175
bent up to resist shear

Compreasive atregs - . 125 110 1756

Rahge of stress 265 235 325

Note : U is applicable for the assessment in the study
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- gtructural Btsal.

The ﬁermissible stresses in structural steel shall be ag
given BS 153:Part 3B which is summaries in Table N-19 below;

Table N~19 The Permissible Stresses in Structural Steel

Pernmissible Stresses {N/mm2)
Steel Yield :
Grade Stressg _Bending bPirect/
: - Axial on
{N/mm2) [Plate & [Rolled Plate |effec- Shear
Hollow |section | Girdey [tive X~
gection Area.
215 140 133 126 129 80
grade | zaol 150 142 135 138 85
43 245 160 i51 144 147 91
2807 183 173 165 168 107
Grade 325 212 201 191 191 120
50 340 222 210 200 200 126
355 232 219 209 209 131
Grade A00 261 247 235 235 148
55 415 271 256 . 244 244 154
430 281 265 253 253 159
450 294 278 265 265 167
Note :

d is applicable for the assessment in the study except

Samarahan Bridge.

2 is applicable to Samarahan Bridge.

(2) Ultimate Limit State Design
- Conecrete.
The design strength of materials for ultimate limit state

are expressed in terms of the 'characteristic strength' of the
material multiplied by r , the partial safety factor for mate-

rial. : .
o Extreme fibre stress in compression, f_.....0.67f /m

o (r, shall be taken as 1.5)

N-—24
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Ultimate Bearing stress, f............ veeel004F

Ultimate shear stress,V, shall be as follows;

'/
. .t '3 1
0.27 100-A /
3 3
VC = ' fcu
P bu°d
where; :
A_ = Area of Longitudinal rebar
b, = Breadth of web or rib of member.
a4 = Effective depth of tension rebar.
f., = Characteristic concrete cube strength.
ro=: 1,25
m

Reinforcing 8teel.
The ultimate tensile strength, f = 0.8f /m
(r, shall be taken as 1.19)

Characteristic strength of réinforcement, £, is as
follovs;

Mild steel. e eeseciaaeeaaes 250 N/mm2?.
High Yield steel... creenanens 410 N/mm?

Btructural Steel.

Nominal yLeld stress for steel complylng with BS4360

as follows:-

Steel Nominal Yield stress (N/sq.mm)
Grade
t £ 16mm 1emm < t < 40mm
40 235 225
43 3 275 265
50 355 ' 345
55 450 ' 430
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i2. Design Standaxd.

In deriving the design criteria, the JKR bridge Design
Manual is referred. In addition, reference were also made to Bg
153, BE 1/73, BS 5400 Part 1,2,3,and 4; and Specification for

Highway Bridges published by Japan Road Association.
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RESULTS OF ANALYTIC .
ASSESSMENT ON EACH EXISTING BRIDGE







- Bridge No.

APPENDIX - O ‘
RESULTS OF ANALYTIC ASSESSMENT ON EACH EXITING BRIDGE

100114920
Bridge Type ACB
- Bridga . Type of . Working | Allowable Ratio
Typs Mamber Unit Sectional Shosses | Stresses (%) REMARKS
‘ ‘ Force A B | A-BYB | = -
ACB | Slab Nfmm2 | Bending Moment 31,5) 140 ~77.5] Main Rebar
220 140 --84.3{ Distri. Rebar
Beam Nfmm2 | Bending Moment 136.1 140 —2.8| Main Rebar
Dead Load | Dead Load Ratio
+ HA + LTAL (%)
) ] A 8 (B=A}/A
Pier KN Reaction Force 10222 1263.9 +23.6
“Bridge No. : 00161140
Bridge Type : SBB
Bridge . Typa of Working | Allowabls Ratio i
Type Member Unit Sectional Stresses | Stresses {%) AEMARKS
. - Force A B {A-B)B
SBB | Buckie Nfmm2 ] Bending Moment 1906 142 342
Plate ]
Main Beam ' | N/mm2 | Bending Moment 236.0 142 C +66.2
. Dead Load | Dead Load Ratio ]
+ HA + LTAL {%)
: A - B {(B—-A)/A
Pier KN 22438| 25266 +12.6
L R
Bridge No. 1 Q0186510
Bridge Type : $BG/RCB
Bridge ) Type of Working | Allowable Ratio
Type Member Unit Sectional | Stresses | Stresses _ {%) . REMARKS
] Force A B {A-B}B ]
SBG | Slab Nimm2 '} Bending Moment 857 140 —38.8] Main Rebar
L - 722] 140 | —48.4| Distri Rebar
Box Girder | N/mm2 | Bending Moment 80.0] 142 —43.7
| RCB- | MainBeam | N/mm2 | Bending Moment 261.4] 140 +86.7| Main Rebar |
B I ~|Dead Load | Dead Load |  Ratio )
| +HA | #LTAL (%)
. A B {B-A)/A
Abut KN " - | Reaction Force it472 12329 +7.5
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Bridge No. : 00341800
Bridge Type {RCB
Bridge 1 Type of Working | Allowable Ratio ]
‘Type Member Unit Settlonal Shesses | Stesses (%) HEMARKS
{_____Force A B (A-81B |
| "RoE | Slab Njmm2 | Bending Morent 27.4f 140 ~80.4| Main Rebars
L _ 22.3] 140 ~84.1; Distrl. Rebars
Beam N/mm2 | Banding Moment 130.5 140 —6.8| Maln Rebars
Dead Load | Dead Load Ratio
+HA | +LTAL (%)
A B {B—-A)/A
Pler KN Reaction Force 18081 2168638) +135
Bridge Ma. { 00346740
Bridge Typse 1PCB
Identical with Bridge No. 315110 except folal bridge langth. J
Bridge No. : DO520850
Bridge Type : SBE
Bridge Type of Working | Allowabla Ratio - .
Type Member Unit Sectional Stresses . | Stresses {%) " REMARKS
Force A B (A-B)/B :
SBE | Slab N/mm2 | Bending Moment 62.6] 140 —55.3| Maii Rebar
| 558 140 —60.1[ Distri. Rebar
Main Beam | N/mm2 | Bsnding Moment | 1310] 142 —~7.7| I-Bsam -
R Dead Load | Cead Load | Ratio i
+ HA +. LTAL (%)
. . A B {B-A)A e
Abut KN Reaction Force 67070 876.4 +0.8
— .J
Bridge No. : 00546560
Bridge Type :RCB
Bridge _ Type of Working | Allowable | Ratio _ B
Type Member Unit Sectional Stresses | Stesses | (%) ‘REMARKS
____ Force A B (A—B)/B
RCB | Slab N/mm2 | Bending Moment 74.4 140 ~46.8] Main Rebars
| ] 3 134.0 140 —4.31 Distri, Rebars
Main Baam N/mm2 | Bending Moment 167.6 140 19.7{ Main Rebar
. Dead Load [Dead Load |  Ratio -
+ HA +LTAL | (%)
_ A B | B-AA
Piar K Reaction Force 797.8 911.8 +14.3
B -
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Bridge No.

1 00237200
Hridgs Type : SBC/RCE
Bridgs Type of Working | Allowable | Ratlo
Type Member Unit Sectional _Stiesses | Siresses | {%) REMARKS
Force A 8 | (a-BB
SBC | Slab Nfram2 | Bending Moment 855 140 ~53,21 Main Rebars
- 102.6 140 —26.7 | Diski. Rebars
Main Beam N/min2 | Bending Moment 145.0 142 +2.1
RCB | Sleb Nfmm2 | Bending Moment 1016 140 —27,6| Main Rebas
' ' 51.3| 140 ~83.4 | Dishi. Rebars
Baam N/mm2 | Bending Moment 102.0 140 —27.1| Main Rebers
Dead Load | Doad Lead Aatio
+ HA + LTAL (%)
. A g8 {B-AMA
Plar KN Reaction Force 17111 2061.0 +204
Bridgo No. : 0031700
Bridgs Type :PCB
Bridge . Type of Working | ARowable Ralio
Type Mamber Unit Sectionsl Shesses | Stresses (%) REMARKS
: Force A B {A-B)B
PCB Slab N/mm2 | Bending Moment 147.6 210 ~20.7| Main Rebar
: 1 151.8] 210 —28.0| Distri. Rebar
Main Beam N/mm2 | Bending Moment 11.2 140 —20.0] Top Fibre <1
44 >0.0 —~ | Boltom Fibre
Dead Load [DeadlLoad |  Ratio
+HA + LTAL (%)
A B (B—ANA
Pier KN Reaction Force 53703 5638.8 +5.0
Nota <1 : The effective prastressing forceis taken from JKR DRG No.
STD BOS/ING dated November 1878
Bridge No. 1 00318170
Bridge Typa :PCB
Bridgs | .. . Type of Working | Allowable Ratio
Type Member Unit Sactional Stresses | Strasses (%) REMARKS
. Force A B (A-B)/B
PCB Slab N/mm2 | Bending Moment 544 140 —54.0} Main Rsbar
{15m span} 130.7 140 —-B.6| Distri. Rebor
HA L.TAL Ralio
(%)
A B B-AYA |
Main Beam KM.n Bending Moment 10831 1174.5 +84( 18m span <1
’ 2059.9 1860.6 -3.4| 80m span
Dead Load |Dead Load | Ratio
+ HA + LTAL {%}
A B (B-A)A
i Pier KN Reaction Force 2456.8 27104 +103

Nota : <1 The assessment mads based on bending moment comparisons
between HA and LTAL Loading.
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BridgeNo. _ :00546950
Bridgs Type _RCS
Bridge T T Type of Woiking | Miowsbie | Ratio _
Type Mamber Unit Ssctional Stresses | Siresses (%) - REMARKS
N Forco A 8 (A-BY8 :
RCS Slab N/mm2 | Bending Moment 152.4 140 —5.4] Malny Rebar
I3 140 +138.7{ Distri. Rebar
- Dend Load | Daad Load | Flatio ]
+ HA + LTAL (%)
1 A "B} {B-AYA
Pior KN Reaction Fores 3069.8 35798 +9.4
Bridgs No. 100563880
Bridge Type i
Bridge Type of Working | Allowable Ratio
Type Mambar Unit Sectional ‘Stresses | Stresses (%) REMARKS
Force A B {B--AYA . L
IT Maln Beam KNm Banding Moment 193.2 169.1 =124} <1
Dead Load | Daazi Load Retio
+ HA + LTAL {55)
A B | _(B--A)A —
Pier KN Reaction Fores 25422 26559 +08
o
Note : <1 The assessment made hased on bending moment comparisons
hatwean HA and LTAL leadings.
Bridge No. - Q0587840
BridgeType : PRB
[ Bridge T Type of Working | Allowabls | - Ratio
Typa Mamber Unit Secbonal Streeses | Suesses (%) REMARKS
| Force A B {A-BYB .
PRS Main Beam Mimm2 | Bending Moment 1192 140 —14.91 Main Rebar
Dead Load | Dead Load Ratia
+ HA + LTAL (%)
A B _{B-AYA
Piar KN Heaction Force 1230.4 1631.2 +24.4
1
Bridge No. : 00834850
Bridgs Type :RCS
Bridye T ~ Type of Working | Allowabie Ratio
Type Hember Unit Sectional Strasges | Strasses (%) REMARKS
Force A 8 {A—B)/B
RCS Slab N/mm2 | Bending Momant i01.1 140 ~27.8] Main Rebar
‘ 137.0 140 -2.1} Distri. Rebar
= Dead Load | Dead Load |- Ratio
+ HA +LTAL 8
- ] A B (B-AYA
Piar KN Reaction Force - 12658 1354.0 +7.0
Append -0
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_Bridge No. - 05001070
Bridge Typs : 888
r#Brlﬁga Type of W;rking Aliowable "Ratio
Type Member Unit Sectional Stresses | Stesses | (%} | REMARKS
S | _ Force A B (A--B)B
ShB . Buckl_a ~ - - Simiiar to Bridge
Plate : No. 161140
FAain Beam N/mm2 | Bending Moment 2922 a2 +105.8
B 1 DeadLoad [Deadtoad| Ratic
1_+HA + LTAL (%)
: A B (B-A)A
Abut KN Reaction Force 789.2 851.4 +7.6
Bridge No. 1 05803340
Bridge Type : BB
Bridge Type of Working | Allowable Ralio
Type Member Unit Sectional Stresses | Stesses | - (%) REMARKS
. Force A B (A-BYB
$B8 | Buckle : - - - Similar 1o Bridge
Plate : _ . . | Mo, 161140
‘Main Beam Nfmm2 | Bending Moment 171.3 142 +20.8
Dead Load {DeadLoad| Ratio
+ HA + LTAL %)
. A 8 {B-AYA
Abut KN Reaction Fores 452.4 593.8 +18.8
_Bridge No. : 05503120
_Bridge Type 1 8BC
Bridge .| Type of Working | Allowable Ratio
Type Member Uit Sectional Siresses | Shesses (%) REMARKS
- : Forge A B {A-B)/B
sBC | Siab N/mm2 | Bending Moment 127.9 140 —8.61 Main Rebar
4 243.5 140 +73.91 Distri. Rebar
Main Beam N/mm2 i Bending Moment 143.0 142 +0.7
Dsad Load |Dead Load | - Ratis
+ HA +LTAL .| (%)
A B {B-A)A L
Pler KN Raaction Force 15550 18035 +16.0
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Bridge No : Dambai
Bridge Type : 5BG
Bridge Typoof | Working | Allowabls |  Ratio '"j
Type Member " Unit Sectionat Stresses | Siresses | - (%) " REMARKS
' _____Force A B | (A-B)B | R
s8¢ | Slab N/fmm2 | Bending Moment 1458 140 +86.3[ Main Hebar
o . . 115.3] 140 —17.6] Dlstrl. Apbar
Main Boam Nimm2 | Bending Morment - 18i0) . 142 +34.51 -
| Dendload|Oead Load| Ratio
+ HA + LYAL (%)
A B {B--A)A
Pior KN Reaction Force 35464 39786 +1241
Bridgs No. : Samarghan
Bridge Type : 8BC /RCB
Bridge T Type of Working | Allowable | Ratio. _
Type Mamber Unit Sectional | Stresses | Stresses {%) REMARKS
: R Force A B (A—Bi/B :
SBC | Shab N/mm2 | Bending Moment 1245 140 ~11.1] Main Rebar
| 2r98] 140 +99.9| Distrl, flabar
{ Maln Beam N/mm2 | Bending Mement 205.0 165 +24.2| S
RCB Main Beam N/mm2 | Banding Moment 122.0 140 © 7 —42.8| Main Rebay
| = ) Dead Lead [ Dead Load| Ratio
+ HA +LTAL (%)
] | A B (B=AV/A
Pier KN Reaction Force 45615 i 459781  +3.6
Brid@ No. : 00371000
Bridge Typs (RGB
Bridge - Type of Working | Allowable Ratio _
Type Member Unit Sectional Stresses | Stesses {%) REMARKS
L o . Fotce A B {A-B)B -
RCB Slab N/mm2 | Bending Moment 89.0 140 —36.4| Main Rebar
. : 1293 61400 —7.3} Dis¥i, Rebar
T Dead Load | Dead Load ] _ Ratio
+HA | +LTAL |
1 o ! A | _ B [ (B-AYA |
tdain Beam KN.m Bending Morent 19449 17680 ~7.6 .
R _ ] |
Piaf KN Aeaction Force 54430 53838 -0.9 '
. o i
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APPENDIX-P  ESUMMARY OF BRIDGE ASSESSMENT

] Dridge Typo @ RCB

rYear Built: 1956

[Brlgg_q_Lonafﬁ.E 13.38m

LNo’s of Span “2 m——l

[iidge No.: 114920 | Dlaulat ; Ssgamat

. Dafoct Mermber o Causo Salected Rehabilitation Plan
preomm == e At P B
{1 Daterloration Dateot

- flebar Exposure’ ~ ‘Bagmn golfit ~ inadequate cover — -—--—~

- Spaling ) ~ Web of beams ~ Inadequate cover ————1--——1 0 Gunlting all sollit of superstructure

- tonghudinal crack ; - Beam Sotlit ~ Wnadequaln Gover - -

- Rabar sxposure and spaling - Slab soflit ~ Garhonatlon N

- Rebar exposiia and wearlng - All plors -~ Acld attack - Conciele Linlng

~ Moss and water s1aln - - Inadequate lengih of dralnage - Extonsion of drainage pipes

2y Londing Gapaclly Dofect
- Nong -

(3 Fu notionat Detest

‘Baams

plpe

-~ None ~
| PRNREA
Bridgs Na. : 161140 | piai:lﬂ: Kinta | Bridge Type : SBB ] Year Buill ; 1950 [ Bridge Length ; 16.76 m ] No's of Span 2 ]
| Dastect Membar T Causs Selectad Rehabliitation Plan
{1) Detertoration Pelect '
- Coiroslon, paint deterloration ~ All beams ~ Water loak through buokie plate | o Remaval of rust and repainting
and water staln and fack of maintenance '
~ Cortoslon, paint deterloration ~ Buckle plate ~ Water leak and lack of
and water staln ‘ malntanasncs
- Flaking of plaster ~ Abutmante - Infarlor quality mortar o Cencrets Lining lo abulments
(@ Loading Gspacity Dafect
- Ihadequals - Buckls plats - less nakdity ot Slab ——— | o Peplacement by R.O. Blab
— Inadequate ~ Stee! beam — Less rigldlty of Slab o <t
3) Funcifonal Defect .
- Threat to Padestrlan -. Brldge width - Too narrow and no eldewalk o Adding slds walk to both skies
{4) Hydraulle Dolect
- Scauring — Piar -~ lLocal scourlng o Installation ot river bed
protacilon (P1)
- Abuiment - Leocat scourlng o Installation of elope

protecton (A1 & A2)

Note: <1 After replacement of buckle plate by R.C. Slab of which rehabilitation Increases Hpldlly of the slab,
alt beams have adequate LTAL load ¢arrying capacity beceuss of effact of the lateial load distribution.

(e v 186510

ttember )

(1) Deterioration Defect
- Cor_msion, paint delarloration
~ Water Stain :

Wide Hacking
Flacking, Free lime
-~ Open cracks

2) Loading Capacity Delect
- Inadequate

(3} Functional Dafec!
- Thieal o pedesterian

(3)  Hydravtic Defect
- Dacreasing beidge opening

- Local scourlag and river
tank erosion {Right slde)

Steel box gltder
Steel box glirder

RCB
Slab soffit:
Abutments

R.C. Beam
Bridga widlh

Bridge Opaning

Chanel

Cause

__l_DislrlﬁL:Larui Matang - {ﬁﬁgi_'ﬂ?aj :SBG&RC_Q_YBQI Built: 1935 [Bridge Length : 10.1 m - |Mo'sofSpan:1 l

“Salsctad Hshsbiltation P

- Lack ot maintenance

— Water leak through joints
and slab crack

~ Iafgrior concrete

- Advanced carbonation

- Differential settfement dus 1o
local scouring

~ Too narrow and no sidewalk

~ Sedimentation

~ Bridge Is located al bight of river

& o

Q0

Q

Repainting
Replacement of expansion joinl

Patching

Guniting of slab soliit
Peptacernent of Abuimem by
instaliation ol new abutment
(Fagid Frame Type)

Steel piate bonding at beam scffit

Adding sidewalk.

Widaning tiver channel with
slope protecilon

Changing channei alignment by
Instalation of fiver bank wih
reveiment

Recommendaiion: tasems like the work listed above beyond economic rehabtiation. Thus aliernative
study |s réquired to s&lect economical oplimum rehabilation plan including possible
posslblé raplacement of bridges.
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APPENDIX-P BUMMARY OF BRIDGE ASSESSMENT

] Diatrict : Kuantan

i | Bridge Length: 2.9 m

[Nos of Span: 3 )

. Delect Momber [ Cauto Salactad Rehebilltation Play )
{1) Dstorloration Delect : s T
- bongltudinal crack -~ Plero (1 &) - Inadequate conorate cover ¢ Conoreto Lining
. and chiotlde allack i
- Honsy comb & epalling - Deck slab soflit « Pgor worknranship _ o Patching
- Watar staln & cedimentation - Brldge Seals - Paleclive expanslon foint ¢ Heplacement of expansion joln
~ Palnt dotatforation « BGtesl bsams - Deterloration o Rapainiing’
- Corroslon & watar stain —~ 8ieel beams - Inadequate length of dralnage o. Extenslen of dralnage plpe
plpe
{3) Luading Copacity
- None -
(3) Functlonse! Defect
- Hone -
{4) Hydraulic Dstect oo
~ Slope tallure —~ Abutmam - insufficient {ooling depth o Reconstiuction ot slopa proleclion
around bolh abuitmenis

]_N—b'; of me 3 9“—1

;308.35 m

[PBridge No.:3i7000 | Diswicl: Fompin_______ | Bridge Type: PCB___ [ YearBuitt: 1974 | Bridge Length

Salected Rohabilitation Pian

Dateot Hember Cause
(1) Deterloration Defeot
- Spalling & Honey Comb - Groga Bearna, Maln Beams, - Poor workmanahip, boat coliision | o Patching
Soflit of Deck Slab ) .
- Rebar and PG Cablo exposure | - Crogs beams, Maln Bsams ~ Submarged and chloride attack o HRalksing of Grade
of Span1&8 )
- Wales stain ~ Bridge seat - Dalective axpanslen foint o Raplacemant of expanslon joints
(2) Loading Capacily Defsct
—Nene -
{3} Functional Dafect
~ None -
{4) Hydraulic Dalect
- Submergance - BsamsofSpan 1 48 - Inadequate bridge clearance o Ralsing of Grade
al both end spans
- Washod way ~ Foot protection of Enday sids - Local scouring S — = o Installation of loot protection
- Werlical eracks - Goneieie wall at Endau side ~ Setement dus tolocal em@ : '

Note: Allerrtative sludy is requlred to select an aptimum rehablfitation pian of ralsing grade.

{ Bridge No, : 319110

f Diglrlet : Homprn]—m

Britd-giType : PCB [ ear Buili ; 1962 ! Bridge Length : 131.62 m

[ No's of Span : 7 l

" Selected Rehabilitation Plan_|

~ Verlical crack

- Allgator cracks

- Longiludinal cracks

— Water staln and Moss

~ ‘Water staln and mosg

toading Capaclty Defect
- Inadequate capacity far B.M.

@

Funclional Detecl
—~ Nene -

<)

Hydraulic Delecl
— Nona —

@

PG Beams of Span 1,6
Piet cap (AN plers)
Alimos! alt piles

- Poam webs

Beam webe

~ Maln beams ot 2 girder
type bridge

- Bending Cracks ——»-Aﬁ»--—-‘
Alkali - Aggregats Reaction

- Inadaquate cover or AAR

~ Leaking water through delactive

expansien jlnis

Inadaquate length of dralnage

pips

- Concontation of ive 1oad --———J

T Dolect Mamiber Cause
(1} Peterioration Defect . ’
~ Vettical crack - PG Beams of Span 4 — Ehrinkage Cracke ¢ Injaction and protective cuating

.| o Frovision of water drop

o injection and Protactive coating
o Concrete Lining .
o Replacement of expansion joint

o Extenslon of &l dralnage pipes

o Stect plate bonding to 2 glidat
type bridge

P-2



APEENHIX“P SUMMARY OF BRIDGE ASSBSSMENT

| Distelot : Kamaman [ Radge Typs : RCB | Year Buili : 1955 ml_ﬁ;l_dgo Length ; 38,27 m _Tﬁ;a‘s of Span e ]
7T Dafect . Membar - Cause _____Solcled Rshabilitalion Plan )
{1y Daterloratlon Dafeot | 0" _
- Honey comb and flaking ~ Baams & Slab ~  Poat watkenanahlp o Patohing to ofl the deleotive portion
- LongHuding! crack end rebar - Croas head and piles - Inadaquate concrgte cover o Total concrete Hnlng
expOSUI and chollde atiack
— Water slaln’ ~ Bsamg end — Wailer toak Yhrough delactive o instaliation of expansion joint

expanslon joint
(2)' Lasding Gapaslty Datect
—~ None ~
(3 Fanctlonal Dafact
- Thraat to padesterian - Bridge width Too Nartow and no slde walk o Adding side walk at both sldss

() Hydraulic Defect . .
- Proteotion fellure . ~ Slope protectlon o Insufliclsnt depth of foundation o Rsconsiruction of slope protection
|___ai both abuiments

[Bridga No. : 348740 Toistdet ; Dungun | Brldge Typa : PCB [ Yaar Bullt: 1073 [ Bridge Length : 1626 m [No'zolgpan:s |
[ Dafact : : Membsr Gaugn Selected Rehabltilation Plan
(§) Detertoration Defect .
2 vartlgal crack (<0.2 mmd ~ Al beamo ~ Shilnkags on the surlace @ Protectlve coating
~ Honsy comb, rebar exposure — Beam soffit {Span 8), — Poor workmanshlp end o Patching
and spaliing Croes beam plte head Inadesguate concrate cover ‘ )
— Water Staln snd moss ~ Beamn web - inadequate length of dralnage o Extenslon of dralnage pipg
: i plpe

o Installation of wates diop at
. . . cantlfever slab
{2) Loading Gapacity Detacl _ _
- inadequate capacity for B.M. ~ Maln baame of 2 glrder typo — Concentration of five joad o Sieel plats bonding 1o 2 ghrder .
: type bridgs

@ Functionyt Defect
- Nene ~

4y Hydrautic Defact

~ tnadequate froo bowd ’ - Inadequata bridge opening o Excavalion of both side banks
_ snd construction of slope protection
~ Local scouring — Plers & & ~ Biidge Is located at natural o Ilastafiellon of river bed proteciion
. constiuction -
- Right bank sroslon ~ Upstream - Meanderlng river o installation of spur dies
@ga Mo, : 520850 | District ; Jasin i T Bridgs Typo : SBE | Year Built: 1950 | Bridgs Length : 8.7 m [ No's of Span « 1 ]
Dedact Mamber Cause Selactad Rehabllilation Plan
(1) Deterloration Defact . o
- Rebas exposure and spaliing - Deck Slab Soffit ~ Garbonation o Qunkllng of atab eolfit
~ Rebar exposurs and flaking - Encased steel beams - Cerroslon of bollom flangs and - 0 Patching lo alt defeciive portion
. rebar due lo carbonation [ )
. ) o Coaling lo beam surace
~ Pigster drop off - Abutments ~ Inferfar mortar or Inadequate o Partial lining to abutments
bonding

{2} loading Capaelly Defect
— Hone —

() Functional Dalect
- Nane -

{4} Hydraulis Defect
-~ None -~

Ao P-3



APPENDIX~P SUMMARY OF BRIDGE ASSESSMENT

r_Brldge No.: 646560 | District : K. Salangor | Bridge Type : REEM_M_!-_?E;EI‘JFH : 1939 | Bridgs Length: 6.3 m jﬁ&;&l Span E_:]
B Deofect Montber | Cause Sstacted Rehabllitation Pian )
(1) Dstorloration Dafest . . h

~ Rebar Expoaure, wear and ~ Allbsams ~ Abreslon dug o wate! ow-—-= o P:gpm_:ked canclats llatng with
Haking : addiilonal rebar
- Flaklag and Rabar Exposure - Sfab golllt - Abiaslon due to water ftow o Patching
(2) Loading Capaclty Defect
- Inadequale ~ Bzams ~ Becilon Wes -
(3} Functional Datact
~ None -
(4)  Hydraulic Defect
~ Submerged beams - Inadequate bridge opening o <i
| —_ - ]

Nota: <1 Dredging and reveimsnt work of the channel are belng carrled oul'by DID. Thus
1alsing of grade or extentlon of bridge length to Increase lhe beidge opening Is not requlred,

ﬁlrldga No,: 546980

[ District : K. Salangor

T Bildge Typs: RCS | Year Built: 1969

‘ Bridge Length : 32.91 m

jNo's oiBpan1s |

™ “Detost Membar _ Causa i Selested Rchabilitation Plan
{1} Detarloration Defect : )
~ Honey comb, fiaking and wear [~ &iab sofiit ~ Poor workmanship o Patching .
~ Watar staln - Slab soffit - Inadequats design o Provision of watar drop
’ - Defsctive expansion jolnls o Replacement of expansion joinl
« Longhudingl cracks and ~ Pile and cross head - inadequate conctele cover o Tolal conciete linlng
filaking and chlorlde attrek
(2) Loading Capacity Delact : . L
~ Inadequate - Slab - Inadequats amouni of distribution | o Steel plate bonding at sfab soflit
rebar along onghudinad wide crack
~ Tilted abuiment -~ Both abutments ~ Consolidation aetlement and o Construction of rigld (lame
jateral solf movement type abutmants
(3) Funclicnal Defect
~ Nane ~
{4}y Hydraulic Delect
- Nene -
S - ]
{ Bildge No. 1 563380 T Distict ; Manling ardge Type: IY [ Year Bullt: 1972 | Qﬂdga Length:47.6m B [No’s of Bpan : 8 j
[ Defact Hember _Cause Salacted Rehabilitation Pianq
(1) Detsrioration Bofect
- Longltudinal crack ~ PlleaofPler1 &2 - tnadequate cavar and chicride o Goncrets finlng te plles
atack : . ) : :
~ Flaking and crack — Pler crosshead and abutment — Poor workmanship, colilslon o Patoching
of debils
~ Waltor shaln - Slabend - Water leak through defeclive o Replacernsnt of expanslon jolits
" expansion Jolnta :
~ ‘Water 6lain and moes ~ Cantlevar slab — #hiselog watar drop o instlaltatlon of watar drop
{2} Loading Capaclty Defact
~ Hone —
{3) Funclional Dafect
- None -
(4) Hydreulle Defect

- None -

App-L.




APPENDIX-P BUMHARY OF BRIDGE ASBESSMERNT

- None —

[Ag‘i‘ig.‘—;—ﬂ-g : 667840 | Distriot : Xinta | Brldge Typs : PRB j Year Bullt: 1960 [Bridge Length : 12.44 m i Na's of Span ; 2‘“—’]
[ Deleat e Mambor 1 Cause Solected Rohabtlitation Flan
Ty Detertoration Dofect o
— Water stali - §lab goiflt - Inderior Jolnt botwean beams o Provision of water prool taysr
;L on top of slab
- Flacklng and Heney Comtr ~ Abutmom & Pler ~ Poor workmanshlp or inferior o Patching of all flaking and honey
concrete coimh area
(2) Losding Gepacity Delect
~ Nena ~
(3 Functional Detecl
- Ilnadequats Trallic Capaclly - VWidth -~ Toonarrow o Widaning of Carlageway
) Hydraullo Detec
-~ None —
L L
[Bridge No.: 534850 | Districn : Kusla Kral [Brdgo Typs: RCS | Year Bulk: 1060 |Bddgstength:128m  |No'solSpan:3 |
[ Defsct Mambor Cause Sslgcled Rehabilitation Plan
(1) Deterloration Delect ) . :
- Crack, spaling, honsy comb, o Slab goffit o Infetlor conarets, poor workman- | o Propacked concrele lining with
flaking and rebar exposury ship end Inadequate concreis rebar (Distribution bar only)
’ coveT B
o Installatlon of watar proof layer
L on top of the conerete slab
- Flaking, Rebar Exposure o Crosshead, pisr and abuiment ¢ infestor concrate ahd poos o Patching 1o o of dalective area
- cracks ’ a workmanship
@ Lodding Capacity Deleci
- None -
% Functlonal Deloct |
- None -
(4) Hydraulle Defect

[ Bridge Type : SEB

| Year Bulli: 1910

l Bridge Lenglh : 5.26 m

[ No's of Span ; 1

]

[Bridge No. : 5001070 | District : Batu Pahat

Dalscl

Marnper

Cauee

Salected Rahabilitalion Plan

- Corroglon, peint deterloration
and water glaln :

- "Loss of concrete matrix

(2} Loading Gapaclty Defact
- inadequale
- Inadaguate

3) Funcllons! Defect
- None ~

{4} Hydraullo Gefect
~MNone -

~ Coreglon astd paint deterloratho

- All beame
— Buckle plate

- Suflace of abutment

- Buckle plate

- Sies) beam

— Water leak through buckle plate
and lack of malntenance

~ Water feak and lack of
mainlenance

- tnisrior concrels and acid attack;

- lLess rigldity of slab & beam

- Less rigldity of slab & beam .- -1

o Removal of Rust and Repainting’

o Pullal conesete linlng

o Regplacement by B.G, slab
o <1

Note: <1 After replacement of bu.cklu plate by R.C. slab of which rehabiiitalion Increasse rigldity
of the slab, all beams have adequate LTAL load carrylng capacly because of elfect of the ateral load
disrlbution and composile effect.

App-L



{E@gg No. : 5803340 | Distrlot : Blg. Padang

APPENDIX-P SUMMARY OF BRIDGE ASSESSMERT

[tiow o1 8pan 1]

] Brldge Length : 5.35m

Dolect _ Mernbar B Cauge Halacled Rshabliiation Play |
{1} Deterloration Defact - ; . B _ ) T
- Palnit deterlozation, cotiealon ~  Adl main baama - Woater foak through sleb and joint |0 Repalnting - -
end water stain : o
- Paint delerloration, corroslon ~ Buckle Plate ~ Watar lgak through slab
- Abraslon - Alipiles ~ Infartor concrete o Conerals lining
(&) Loadlng Capacity Dofect i
- inadequats ~ Stesl beam - lLoss rigldity of elab 0 <1
- lnadequaie - Buckle plate ~ Less rigidity of slab & beam —)- {0 Rsplacemant by R.C. Slab
{3) Funclional Belect
- Nono -
{4y Hydraulic Detect
- Mong -

Nota: Alter replacement of Buckle Plate by RLC. glab of +which 1ehabiiliation norease lllg!dl\y of the slab, ol beams
have adsquate LTAL toad cairylng capaclty bagause of offect of the lateral load distiibutlon consldered.

iBﬂdge No. : 6003120

[ District : Big. Padang

{ Bikdge Type : SBC

| Voar Bulit ; 1050

[Bnldge Length; 24.0m

[Mo'sofSpan:z ]

Z_M, Delect | Mermber Cauga Selected RahabBitation P.'az
(1} Deterioration Dafect
~ Gortoslon, palnt deterioratlon |~ Altbeatns - Water loak through foint, lack of | o Repainting
and water stafn malntenance ' L
. : o Instalfation of expansion Joint
- Spalling, exposed rébar - Deck siabs of 3 spans - liradequate concrele cover -
- Carbonallon
- Differential dsliecilen of maln .jo Concrete lning by guniiéng with
beama dua to skew elfect additforal rebsre
{2} loading Capacity Deiect J o Pravislon of cross beams at
~ Inadsguate ~ Dack stab - [nadequate rebars - central span
{3) Functional Dsfect
~Nong -
(4) Hydrauile PPeiect
- None -

| No's of Span :‘.3___]

{ Bridge No.: Dainbai | State : Sabah {Birldge Type: SBC | Year Bulli : 1964 [ Bridgs Length : 02.7 m
Defact ) Mambar Caucs Selacted Rehabilitation Plan _
(1} Deterloration Defect )
- Conoolon, paint daterloration |- All boams ~ Water lsak and laok of o Repalnting
Watsr staln maintenance :

~ Wide longltudinal crack ~ Slab Joint - Improper design

- Rebar exposure, flaking ~ 8lab soliit - Carbonation-~——————————{

~ Watar lsak - Expanskon joiat — Defactive joint o Replacerant of expansion folnts

— Caoiroslon, palnt detarloration — Pler coluran — Abraslon and lack of malntenance|] o ' Concrete protection fining 1o
stael plar columns )

(#} Leading Gapacity Dafect ) _
-~ Extremely Inadequaie - All beams - inadequats seclion modulys o installation of a_ddillbnal beams
- Inadequale - Deck Slab - Inadequate emount of rebar o Replacement by R.C. Slab
(3} Functional Detect
- Mone -
(4) Hydraulic Dafect )

- Etoslon - Blghtslde rlver bank - Bddge focatlon at blght of river o Construetlon of slope protection and
ravetment at right aide bank (up-
slraam) ’

Al P8



APPENDIX-P SUMMARY OF BRIDGE ASSESSMENT

T [ Brldge Yypa : SBC

Brldge ﬁ?@mnmhd:? "“Totate : Barawak

[ Year Built; 1085

Bridge Langth: 71,68 m | No

‘s ;FSpan i5 -j

. Delect

l:_u, Member I Coausa Selactad Rehabiitation fj_a_r_\_:
(3 Delerloration Defost
- Lateral oracks -~ Slab sofilt - Inadequate distribution rebar o Epexy Injectlon to slab solfil
2 Loading Capacity Detest .
~ Inadequate = [ack glab - Inadequate distributlon rebas o Bonding stesl plate
~ lnadequale ~ Sieel bvam - Tnadequata secilon modulus o Allachment of stes! plate by
’ high tension bolt
(3} Functional Delect
- Neno -
4)  Hydraulic Delect
: - Mone -
{e;—ld_ga_ﬂo. : 371000 _[ Distict ; Kota Bahru | Bridgs Type : RCB ] Yaar Built : 1962 | Bridge Length : 840.0m | No's of Span : 28 ]
~ Dotact o Momber - Cause Sslacled Rehabfilitation Plan

{1} Deterloration Defect
-~ Varticad cracks
- Spalling & Flaking

(2) Loading Capaclly Delect
- None -

(3} Functlonal Belect
" -~ None -

(4) Hydraulic Defect
. Slope protaction {Tansh Merah
Slide) failure -

~ Beam wob of all epans
-~ Cross beam of span 20

-~ Favetmeni

- Shtlnkage Gieck
— Poor workmanshlp

=~ local scouring

o Epoxy Injection
o Patching

o Beconstiecion of slepe protection
and tevetment with feot protection
{Tanahk Merah Gide)

AppL






SUMAMRY OF BRIDGE REHABILITATION

PLAN COVERING 216 STUDY BRIDGES
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APPENDIX —R1 UNIT RATE OF LABOUR, MATERIAL AND EQUIPMENT

LABOUR UNIT RATE
REF. NO, SPECIFICATION UNIT UNIT RATE REMARKS B
L0 Foreman Man Per Day 80.00 | 8.00 hours per day ﬁ:_,
1.02 Charge Hand Man Per Day 70.00 o 7
L03 | Skilled Labour ‘Man Per Day 60.00 h
1.04 Common Labour Man Per Day 30,00 7]
105 | SteelLabour ‘Man Per Day 30.00 B
106 | Welder " Man Per Day 60.00 -
1.07 Carpenter - Man Per Day 60.00 o
108 | Bar Beader Man Per Day 60.00
L L09 | Concrete Worker Man Per Day 55.00 R
L10 Mason Man Per Day 60.00 ]
L1l Rigger Man Per Day 55.00 ]
112 | Painter Man Per Day 60.00
113 | Mechanic Man Per Day 60.00
L4 Electrician Man Per Day 60.00
L15 .Asphalit Layer Man Per Day 40.00
__Lls Pavement Worker Man Per Day 40.00
L17 | Pipe Fitter Man Per Day . 60.00
118 | Plant Operator Man Per Day - 60.00
L19 Driver Man Per Day 45,00
MATERIAL UNIT RATE
REF. NO. DESCRIPTION UNIT UNIT RATE REMARKS
MO1 Diesel Oil Fuel Litre 0.65
M02 Gasoline i Litre 1.13
M3 Lubricant Litre 4.40
M04 Portland Cement Kg 0.25 ]
MO5 | Admixture Litre 6.50 o
MO6 Reinforcement Steel Kg 1.20 ]
MO07 | Wire Mesh (100 x 100) m2 6.50 |
M08 | PC Strand Wire . Kg 2.80 ~
M09 | PC Anchor 12—RT15.5 No 400.00 ' ]
M10 | Shealth Cable 35mm Lin.m 450.00
MI1 | Plywood, t=1/2", marine m2 15.60 B
M12 Plywood, t=1.2" ordinary m2 13.80 ]
M13 | Timber, Yakal m3 600.00 B
~ M14 | Timber, Apitong m3 400.00
~ MIS Timber Piles (I.=5m) No 90.00| :
M16 | Bakau Pile No 48.00| 4" DIA, 18 Long
70.00 | 5" DIA, 18’ Long
M17 | PC Pile (350 x 350) | m i 6000 ' N
PC Pile (400 x 400) m 68.40 _




APPENDIX-—RI U_NIT RATE OF LABOUR, MATERIAL AND EQUIPMENT

[REF, NO. DESCRIPTION _ UNIT | UNIT RATE REMARKS
MI8 Sand m3 2000
f_'M_lS! Aggregate m3 4400
|~ M20 . | Boulders m3 20.00
[ M21 | Selected Soil m3 10.00
T M22 | Clayey Soil m3 T 3000
M23 | Sand Bag (20 kg/sack) No 0.60
M24 ‘Crusher run m3 3200
 M25 | H—Shaped Steel Kg 1.80
j26 | Angle Steel - Kg 140
 M27__ | Steel Plate Kg 1.50
Mz8 Steel Sheet Plle Kg 1.90
M29 | Acetylene Gas 3 12.00
M30 Oxygen Gas m3 5.10
| M31 | Bituminous Material Ton 428.00
M32 Asphalt mi 1.50
M33 | Paint (anti—corrosion)
a) Copon 8048 Red Oxide ... Litre 19.25
b): Copon 8048 Aluminium Litre '19.25
| ©) Polyurethanc Finish Litre 24.20
M34 Primer Litre 13.00 | Zine Chrome
M35 Epozxy Resin Litre 52.00 1540 Bond 101
) L 96.00 | SB, BL Grout o
M36 Mortar
a) Barra Mortar I, Kg 1.80
b) Barrafer Kg 11.40
¢) Construction Grout Kg 1.80
d) Barra Emulsion 57 Kg 8.50 ]
e) SB303C | Kg 27.50 WA
_ 0SB 301 Ke 64.00 B B
M37 | Silica Sand Kg 2.50
M38 | 3Sjoint - m 2000.00
M39 - | Cut Off Joint’ |m 700.00
| M40 | Joint Scalant (Paltox) | Litre 17.00
| M41 - | BL seal Kg 31.00
M42 | Dish Sand Paper (150#30) Piece 10,00
5 Dish Sand Paper (150#16) | Piece 10.00
M43 Thinner iLitre 565 | General Purposes
e o B _ Thinner TP 1001
M4d | Drill Tipr . |No 5.00
M45 . | Pipe for injection (Aluminium) | No 8.00 | Minimum 5000 picces
_ Md6 | Pipc for air release (Aluminium) | No 8.00 | Minimum 5000 pieces
__M48 | Electrode B Kg 3.00 '
M49 | Diamond Saw Purchase 1500.00 | 1 piece




APPENDIX ~R1 UNIT RATE OF LABOUR, MATERIAL AND EQUIPMENT

oty

REF. NQ, DESCRIFTION UNIT UNIT RATE REMARKS
M50 | Bolis No 10.00 ]
M5l Concrete Anchor No 4.060
M52 Cobble Stone (150 DIA) m3 60.00
M53 | Yoke m3 600.00 i
M54 | Form tie No 0.40 B
M55 Separator No 0.20
M56 Square pipe m 0.40 o
MS57 | Spacer No 0.20
M58 | Jack base No . 3.20
M59 | clamp No 1.40
M60 | Pipe Joint No 1.20
M61 | Formoil I 5.00
M62 | Toeboard No 1.20
M63 | PVCpipe 50 DIA m 6.00
PVC pipe 150 DIA m 46.00 |
PVC pipe 200 DIA m 70.00
M64 | Bonding wire 1 2000.00
M65 | Straightrun asphalt i 360.00
M66 | Asphalt emulsion t . 385.001.
EQUIPMENT UNIT RATE
REE. NO.; EQUIPMENT DESCRIPTION SPECIFIC UNIT | UNIT RATE REMARKS
__EO01 | Bulldozer (D4) 6 Ton Hour 65.00 |
. E02 Buildozer (D6) 15 Ton - Hour 80.00
E03 | Bulldozer (D7) .21 Ton Hour 90.00 |
E04 | Bulldozer (D8) 38 Ton Hour 100.00 ]
E05 Wheel Loader 1.2s5q.m Hour 50.00
E06 Wheel Loader 14sq.m . Hour 50.60
EQ7 Wheel Loader 1.73q.m Hour 55.00
E08 Wheel L.oader 2.1 sq.m Hour 60.00
B9 Backhos 0.3 sq.m Hour 3000 =
E10 Backhoe 0.7 sq.m Hour 3000}
Ell Backhoe B i.z2sq.m Hour 30.00 -
E12 | Crowler crane 35 Ton Hour 100,00
E13 Crowler crane 50 Ton Hour 130.00 ]
El4 | Crowler crane 100 Ton " Hour 45000
E15 | Mobile Crane 5 Ton Hour 4550
El6 Mobile Crane 10 Ton Hour 58.00
El7 Mobile Crane 15 Ton Hour 65.00
Ei8 | Mobile Crane 20 Ton Hour 71.50 N
E19 Mobile Crane. 35 Ton Hour - '100.00 ]
F20 Dump Truck 10 Ton Hour 40,00 ] =

R~—4



APPENDIX--R1 UNIT RATE OF LABOUR, MATERIAL AND EQUIPMENT

UNIT

AN BQUIPMENT DESCRIPION | SPECIFIC, UNIT RALG]  REMARKS
B2 Cargo Truck ‘ 6 Ton " Hour 30.00
CargoTruck B 10 Ton Hour 40.00
Trail Truck 30 Ton Hour eso00| |
[ E22 Tipper e Hour 40.00
T%,Tz?y i!itqminogs Mixing Plant 50 TPH Hour 260.00
E24 Asphalt Plant 100 TPH Hour 520.00
E25 | Macadam Roller 12 Ton Hour 50.00
[ E26 | Steel Wheel Roller _ 5—9 Ton Hour 49.00
:EZ'J -1 ‘Steel Wheel Roller 10~12 Ton Hour 60.00
E28 Rubber Tire Roller 1213 Ton - Hour 5500
B E29 Vibratory Roller 1 Ton Hour 50.00
E30 Vibratory Roller 9Ton - Hour 60.00
" E31 | Vibratory Roller 12 Ton Hour 65.00
E32 Portable Comipactor Hour 10.40
B3| Grader 2.5m blade Hour 40.00
E34 Motor Grader 3.7m blade Hour 75.00
E35 Agigator Truck 2.0 eu.m/hr Hour 20.00
E36 Concrete Truck Mixer 5.0 cum Hour 4540
E37 Concrete Mixer ' 2.0 cu.mfhr Hour 19.50
E38 ‘Concrete Mixer 0.3 cuanfhr Hour 9.10
E39 Portable Batcher Plant 30 cu.m/hr Hour
E40 | Hand Mixer 115 DIAOSIkw | Piece 550.00
E41 | Concrete Pump 30 cum/hr Hour 150.00 | 1 set
E42 | Generator Set 30 kw Day 100.00
E43 Generator Sel 50 — 100kw Day 160.00
44 Portable Air Compressor 10m3 140.00
| | Sm3 100.00 -
E45 Concrete saw 25¢cm Day 20.00
Ed6 | Concrete Cutter 250m DIA Day 40.00
E47 | Concrete Breaker 30kg Day 10.60
- E48 | Vibrator ' 30mm Day 10.00
| E49 Leg Hammer 30kg Day 10.00
| ES0 Clamshell 0.6 — (.8cu.m Hour 250.00
E5l Diesel Hammer 2.5 Ton Hour 140.00
| E52 Vibrating Hammer 60 kw Hour 250.00
E53 Pick hammer (Jack Hammer) 7 kg Day 35.00
o Pile Driver . 35 Ton Day 1680.00
__Es4 Reserve Circulting Drill Seis 800 — 1.5mm
| ES5 | Vibration Drill 14 DIA, 0.4 kw Purchase 450.00 | Depend L
| E56 | Electrical Drill 20 DIA, 0.86kw | Purchase 650.00 | 1 set
ES7 | Submersible Pump 150mmDIA |  Day 3000) -
| E58 | Submersible Pump 100mm DIA Day 15.00
E59 Welding Machine 2004, Hour 15.00




APPENDIX—R1 UNIT RATE OF LABOUR, MATERIAL AND EQUIPMENT

TREE.NO.| COUTPMENT DESCRIPTION | SPECIFIC UNIT__ [UNITRATE!  REMARKS ™
~ E60 Bar Bender Max. 25mm Day 35.00. -
¥61 | Bar Cutter . Day . 35.00 o
E62 Dishsander 150 DIA, t.1kw Purchase 450.00 | 1 piece T
E63 Chain Block Purchase 650.00 | 1set . T
E64 | Calibrator _ Purchase 300.00 | 1 piece o
E6S | Temporary Bolls Purchase 800| 1piece . |
B66 | Winch Purchase 800.00 | 1 picce .
E67 Torgue Wrench Purchase 300.00 | § Tonne )
E68 | Grout Injection Tool | | Day 25.00 1 set (Foot Pumy) |
E69 Vibro Plate 60 kg . Day 3500
| _E70 .| Tamper 60 — 80kg Day 13500
___E71 | Asphalt Finisher Hour 5500
E72 | Belt Conveyor Day 30.00 | -
E73 | Chipping Machine Day 1100.00 B
E74 | Paver—BK175or Hour 91.00
equivalent (120 TON/HR)
E75 | Paver — BK 165 or “Hour 84.50 )
equivalent (100 TON/HR) :
E76 Dish sander (150mm DIA 1.1kW) Day 25.00

“ Remarks : These data are based on market research in K.L., December, 1991 |



APPENDIX — R2

'EXAMPLE CALCULATION SHEETS OF UNIT

PRICE ANALYSIS FOR SEVERAL WORK ITEMS

Note:  This appendix consist of compaosition of pay items per one
. bridge and derivation of unit priée for'several ftems of those.
- Fig. R—1 and Fig. R—2 show composition of pay items for
Bridge No. 00841800. While Table R—1 — R—3 indicate unit
price derivation from trial cak:ulation with using production
rate derived in Japan to calibrated calculation with using
modified production rate,

R-7
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Table R—1 Derivation of Unit Price for Surfase Courzo Work

Eatimated for ; 650 m3

BREAKDOWN OF UNIT PRICE WITH PRODUCTION RATE I JAPAN UNIT PRICH WITH CALIBRATED
PRODUCTION RATE
T T biscairtioN SPECIFICATION UNTT [ QUANTITY | UNIT . | AMOUNT QUANTRTY | UNIT AMoUNT REMARKS |
| . ] erice ) - : (M85)
L Material Cost :““
Hoi mized asphalt 2.500.08 t 7849 68.00 33732 8100 68.00 3508.00 T
| [Timber 301011 4.000 3 033 £00.04 318.00 033 £00.00 31800 oo
Sub-tolal _ 355592 <" 5826.00] I
A 2 fAhuur(‘oE! .
Fareman day 072 . 50.00 31.60 L0 30.00 S0.00, 1
Pavementworket dsy 41D, 40.00 154,00 .00 4000 240,00 L4
Common labour day N 140 30.09 $2.00 .00 30,00 £0.00] 14y
Sub—fotal _ 263.60 350.00 ~
31 Equipaxnt Cost .
Agpheit finisher hr (X% 5500 39213 860 35.00 44000 117
Nacadsra roller he 13 30.00] 35450 - 260 20.00 40000 [
FeuSer tive rofler ke 13 ~3A00 39213 R0 55.00 44000 117
Dhump teuck i he 420/ 40.00] 363,00/ 15,00 40.00 £40.00 [T
Sub- tatal ) 170850 192000
1[ToTAL 761172 i 3126.00]
S|UNIT PRICE. M/l 1173 12.50] (.07]
Tehls R—2 Denvation of Unit Price for Concrete Work
IIEM No,  :L207
WORE TTEM : Concrete : _
NOTH : Poriablo mixer (0.3 m3 batch), carrying sed casting by manpowss Estimated for ; 1.00 m3
BREAZDOWH OF UNIT PRICE WITH PRODUCTION RATE IN JAPAN UNIT PRICE WITH CALIBRATED
: PROBUCTION RATE
DISCRIPTION SPECIFICATION UNTT QUARTITY UNIT . | AMOUNT QUANTITY | UNT AMOUNE REMARKS
: FRICE 24y PRICE (M8)
1{Maeriat Cout : P
Portiand cement [l 033 250.00) §L50 033 23000 8230} [
Sand w3 0.35] 2000 760 0.38 2000 7.600 [
Apgrezate o3 0.69 4400 30,36 0.69 44,00 3036} [
Agent ky 0.5 6.3 A% 073 650 488 100
Sub- totl NI 12534
| z|labourCost . . | .
Foreman day 013 000 12.00 (] 000 17.60, 1.47
Conacts worker day 0.33 3300 20.28 - B9 3500 4345 mEL
| {Opeator dry (T3 2400 3.69 0.08 0.00 +.50] 1.3
Common labour day .52 30,00 i3.60 072 3059 2189 138
Sub—toial j 5143 §1.43]
3|Equipcnt Cout i
i Barches plant hr 0.27 250 245 033 [XT) 200 132
Whee! e prowr 0.3 m3 by 18 10.00] 180 D21 10,60 - 210 LI?
Wibrater hr .60 1.2 2.5 240 125 300 L0
Sub—total 6.6 B.40
4lToTAL 19334 220.89
s[uNTT PRICE Mi/m3 19154 220,89 L
) ‘I'able R—3 Derivation of Unit Price for Reinforcement Work
MTM No._ : LI05 . )
YORE JTEM : Reinforcoment : : .
NOTE : induding Cutiing by scotylene yas and welding by engine welder Eatimated for - 100 kg
BREAKDOWH OF UNIT PRICE WITH PRODUCTION RATE [N JAPAN URIT PRICE WITH CALIBRATED
PRODUCTION RATE
DESCRIFTION SPECIFICATION UNIT QUARTITY UNTT AMOURNT QUANTITY UHTT AMOUNT REMARKS
I PRICE 3] PRICE (M5)
1 iMatedial Ceost H . B
Reinfora ment bar 1% — 2Smm dia. t 0,103 i200.00 £23.50 [ 0.4 1200.00 132.00 i
_ IElectrode [ 3.00 360 15.60, - 5,00 300 £5.00 140
Actylent gas m3 0.3 1200 3.60 0.30 12.60 360 109,
Oxyaen gas 3 0.50 110 306] 0.60 5.1 306, 1,00
Gasoline E 9.20 113 100 2.20 FEE] 1040 1,00
. Sub—totsk 135.66 164.06
2[Labour Cosk . .
I Porrmsn o day [RES 80,00/ 92,00/ 1%, 8000 120,00 13
Welderman day 1.50 60,00 50,00 2.00, 6064 - 120.00 133
I Ungkilled labour _ day 675 000 22.50 100 30.60 30,00 13}
Sub- total 204.50 270,00
- wipmacnl Cost . . - L
L |Fmginewelder |zo0A 10.5ps day 080 120.00 96.00 150 120,00 120.00 1.23]
Sub- ol - 96,00 120,00
| 4TorAL 156.L6 N 33008 ]
S{UNIT PRICE Misky 1.56 _ EET 120
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APPENDIX-AS COST ESTIMATE OF EACH STUDY BRIDGE (216 BRIDGES )

B Year ]  Max. Ho's | "tptn [ Type | Rehabdtudon uait Tolw [ =
Ka. Nay Blsta Duky | gpen of Long® | of Fiax Usht | Cuerlty gy Ameyat Ameunt Remaoiks
S D (L)) Bpeas | (#) | Bildge L)) KL
1] 6010280 | Johow 1985 1.80) F 160| BOX |OCPR-WRL Mz 1.0 780 AT,
DGPR-PAT u2 2| aroe 54
APAL-AT uz 09 2700 182
APR - ] 18 1200 120
[apa -PAY [T (3 2700 18
PPAPAT [ X aran|_ 62,
{BCAFFOLDING Wiz » 213 TeT|
2} 608100 | Joher 1984 (X ) 2740 RCa |CBPR-PAT [T 1 aTao [1E) 7,104 ]
CEFR -SHY [T w2 Te0o] 8992
CBPR-COT M2 1370 324 4518
FEPR-ABP ') 200 2600 5,209
APA_11] [ [X] 1200 L)
CARF ® 840 1048 B.480
[ u 180]_ _30:9.0! [TEE]
SCAFFOLDING uz 3740 K] 5.838;
3| coloae | Jehar 190} EXT) 1 2.18] eox [DcPA-PAT W2 [X) 2106 Fil 3782 ]
APR-PAT u? »9 2700 2AM
SFRS H2 210 4.0 831
_ |seariaing 2 ai8] 213 [52)
&7 oovizéx | Johor 1665 827, 1 821] Rcs |CBPA-PAT [ 24 2100 843 EoXT
WHRE W3 49 6030 2400
CARE [ 128 TR 2,207,
‘E.BN n _1sgp  iwae 17820
fgens 2] " @ 41.0; [
DRRAF No 4.0 ) 1580
SCAFFOLING A 62.7] 213 1,334
3 corsrer [ eher 1683 [TH E] 20.34] RCB [CEPR-PAY ') 0.8 2700 i62] 142271
DCPA-PAY M i8], 2ro0] 4 :
AP “PAT M2 [} 2700 [F
ERAE [ e 1680/ 2,820
=) [ [N 220
frop-13 2 e8] tax.0 128360
SCAFFOLOING [ 2044 23 4332 )
& catisem {Jehor 1Y a4 2 1288] RCB B . 112417] 112,017 [INCLUDED 1N DETAILED SUAYEY
T cot1es80 { Jeher 1947 244 2 438| Box” {pcPA-pAT U2 o 2ra6 27 EES]
ARE -PAL [T 182 100.0] 2868
COFFERDAR Ny 20| 13909, 240 H=l0 )
. SCAFFOLONG uz Ang| FTE]| 1,649 .
8| 03121240 | Jehor [ za2] 1 2.42] 86X - . - - - BRIHAE HAS BEEN REACED
0] COI1ZVEM | Johor [T 2.9_11 1 283] Box . - - - - BRICGE HAS BEEN REPLACED
10| 00123230 | NAsmbien | %0 .70, [ 870 RCS |CBPR-INJ ] 0.5 1200 €0 3028
ECFR -PAT W2 [X) 270.0 ®
SRRE '] 134 1760 2349
SCAFEOLDING W2 &7.0f 21.3] 1,427
1] 00182 | M.5emblen | 1800 .54 1 $83] 80T [SEPR-REP w2 49| 4.0 242 ATAW]
{EAH - ") 173 15%0.0; 20507
CARF [ 193f_ 1000 1919
PR -REF AN B0f  120] 94
SCAFFOLDINO uz 1Y) FIE) 2048
12| DOIKETED | Sesangor § 1608 185 [ 183} SEE |srAs uz ‘ﬁ[ 410 S 1,618
OCPR-PAT o2 &3] @700 1,1%% :
SCAFFOLDING [] 185 FIE] E1)
13} 0OI<SBID | Setangor | 1963 X K] 28| 7 [cErR-INS [ L] 1200 [} [TE)
DCPR-WPL 5 t780 78] 13,350/
APR -4 § E] 23 1200 IR
AFPR-AEY [ 10| 1400 8740
SFAS M2 2.3 410 o
ESH u 110]  Mwmo 335
SCAFFOADING [ sas.l 2t3 8,819
14} GOEEBSID | Peisk 1.1 240 1] 2.40] - BOX OCPR-PAT M2 5.1 are9 $,047] AL
!msmu w1 240 253 811
5] COTeFwm | Persk 33 1208 2 24 1 incPR-We [ 10k0 X3 REX Y]
PRI 7] 0.8 1200 72
RAF 7] 30 1040 E)
CARE ] 128, 1009 724
sFAs [ 0.1 e ]
EXH 7] R R0
18] 001513 [Perms isdn w08 7 8358| Rce |snef 1] ¥70 1080 1,703 €0.341
CRAF [ ta74 1900 t2,712
] 7] 337 11530 78,863
. |srRs w2 15 410 [0
17[ cOIE&N® | Parak 1970 X ? 382 eox [poaf-ua M2 b e 3ie0s 297000 | Hami
ARE-FAL w2 409 1900 7,500 :
PAF -PAL [7] 490 1909] 7,600
COFFEROAM [ 20] 132000 AW
COFFERDAM Mo 18] 1100 7,000 H=n10
SCAFFOLDING M2 182] FIE] T :
18] 00155160 [ Porak L T ) 3120 ses ~ - - -~ BRIDGE HAS BEEN REPLACED
10} COI81140 | Perak 1950 [XE TINEN $T5568] 4Q256A|NCLUDED X CETALED SURVEY
20} OOLGIZ | Pareh [ o] 2 16.18| €83 |£BPA-REP u2 2fan [T o 256m0
©ERP-TOR w2 1530 8:40] 87,280
AFPR-REV [’} 4.0 §40.0] 5,740
BRP -TOR(S) Ho 3.0 04 []
D0 -35 W2 070] _ 1840.0 129,640
CETOUR '] 552 E#0.0) 33,14 :
21| 00184220 | Parak [E0) 547 1 581 £ps [sBPA-REP W2 83.9] 04 L2 708
DERP-TOR "7 840 §40.0 ao,;@!
ARF-TOL W2 122 190.0 2508
BRP -TCA{8} Na 14.0 0.0 of .
COFFERDALS Ne 20]  13m0.0] 27,400 1.0
DETOUR ] 457 6300 28,946
22] p0igss10 | Parsk 1925 10.72 1 1272} 588G 60Z0M|_  502,058]\NCLUDED tH DETALED BURVEY
23| 00188400 [ Keddah 1969 268 2 1220] Aco [CRP_BSP [ 254 9300 2262 113,080 .
DEPR-WPL [ 1790 18,0 13200.0
ARF—TOR, M 18.0 4180 [Xi% 260x380
EAH 7] P I 32087
ROIH ] 20|  3o:0 5,040}
SAPR ] 244 2490 Y]
COFFERDAM ) 20| 137900 2730 Haif
[scaFFOLOMG [ 1220 213 255 :
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