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CHAPTER 14

COST ESTIMATE

_ 14.1 General

The cost estimate started with an extensive data collection exercise and field survey at
several existing bridge sites and at a few bridge construction sites as well as interview surveys
with some local contractors to ensure that the unit price analysis and results were firmly based
on the real situation in Malaysia.

Objective of the study is to estimate the maintenance and rehabilitation project cost for
each of the study bridges, amounting to 205 bridges.®

To achieve the above objective, the following procedures were applied.

Assessment of the indirect cost items and project cost composition and determination
of multiplier factors of these items. '

Review of main work items derived from the preliminary design of 20 bridges and
identification of the associated subsidiary work items. :

- Analysis of the unit price of each pay item (or each rehabilitation method) based on
above review results.

Establishment of standard unit prices applicable to all the bridges based on assess-
ment of the unit prices analyzed.

Estimate of the maintenance and rehabilitation project cost covering all the study

bridges.

Note:

([..) Afier conprencement of the Study, |1 nummber of the bridges have boen replaced of being comtructed by the Government,  Thus, the tolal iumber of the bridges bas

boen reduced from 216 bridges 1o 205 bridges.
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14.2  Unit Price Analysis for the 20 Bridges
14.2.1 Basic Condition
Following basic conditions were ap_plied in the cost estimate:
- Price level of labour, material and equipment is based on December, 1991,
- The unit rates are derived from market investigzition and from JKR.

- The unit rates are in and around Kuala Lumpur and the local deviation of the rates
is not considered in the estimate,

- Except for the direct cost, other costs such as contractor’s overhead and profit,
detailed design and supervision cost are computed using the multiplier factors.

- Production rate in the unit price analysis is bas_iéally based on standard. production
rates of various work items in Japan after some modification was made with due
consideration of Malaysian local conditions,

14.2.2 Structure of Project Cost

Project cost, in general, consists of construction cost, land acquisition and compensa- -
tion, engineering cost, administration cost and contingency. The constriction cost is divided
into prime construction cost and contractor’s overhead and profit. The prime construction
cost is further subdivided into direct cost comprising of labour cost, material cost and equip-
ment cost and indirect cost such as field supervision cost and common preliminary work cost.

Structure of the project cost is depicted in Figure 14-1 and the main cost items are
briefly described below. '

(1) Direct Cost

The direct cost of each pay item is estimated based on the quantities derived
from the preliminary design. This comprises of labour cost, material cost and equip-
ment cost,

s« Labour Cost
Labour cost includes wages, income tax and all fringe benefits such as vacation,
sick leave, medicare, EPF contributions and workmen’s compensation. All these

follow government regulations. The labour cost is estimated on the basis of data re-
searched from the market investigation,
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Figure 14-1 Components of Project Cost
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= Material Cost

All materials for the rehabilitation works can be procured from the Malaysian
market., The materials cost to be used in the cost estimate are adjusted according to the

Remarks:
*1"; Bi percent of Main Construction Cost

2", B2 percent of Maln Construction Cost
'8 83 percent of Main Construction Cost
*4", B4 percentof Main Gonstr u&ion Cost
*5*; B85 percent of Prime Construction Cost
‘€%, B6 pe:c';an!of Direct Cost

*7*; B7 percent of Direct Cost plus Commen
Preliminary Works

prevailing escalation rate and on the basis of price level at the end of 1991,

= Equipment Cost

The cost of construction equipment is estimated on the basis of market investi-
- gation. ‘It is considered that the equipment expense per unit per hour includes deprecia-
tion cost, operator’s wages, cost of maintenance, fuel and Iubricants necessary for

- equipment operation and repair.
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The unit rate of labour, material and equipment applied in the Study are shown in
Appendix R of Volume I,

(2) Engineering Cost

Engineering cost consists for detailed design and constructioh’supervision and it
is assumed to be 10% (6% for the detailed design and 4% for supervision) of the
construction cost. ‘

In general, cost rate of detailed design is inversely proportional to the construc-
tion cost. Furthermore, among bridge projects, rehabilitation design cost is relatively
higher than that for a new bridge construction because the rehabilitation work is com-
plicated and requires special techniques. These concepts can be depicted as a cost rate
curve shown in Figure 14-2, : '

Figure 142 Relationship between Construction Cost
and Cost Rate for Detail Design
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COST RATE FOR DETAILED DESIGNM

CONSTRUCTION COST HIGH

From the above, 6% for the detailed design is adopted in this Study instead of
4% as used in NALS.

While for construction supervision, 4% is applied in this Study \}/hich is 2%
lower than that for NALS, assuming that management of the service is required for
scattered project locations.

(3) Land Acquisition and Compensation Cost
In a new bridge construction, a considerable amount of land acquiS_it_ion and
compensation costs are required., While, in the rehabilitation work no additional land

acquisition cost is necessary, only a small amount of compensation cost may be re-
quired where detour road is provided. However, these costs can be incorporated into
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the construction cost. Therefore in the Study, the land acquisition and compensation
cost are neglected i.e. considered as zero percent.

(4) Administration Cost

Administration cost is expenses by the Government arising from implementation
of the project and is assumed to be 3% of the construction cost.

&) Contingéncy

Contingency is divided into physical contingency and price contingency as
described below:

- Physical contingency is mainly to cover unforeseeable - or unavoidable design and
cost estimate items, generally depending on the level of study. For feasibility

study level, 15% of the construction cost is considered in the study.

- Price contingency allows for future price escalation and fluctuation of exchange
rates. Therefore, at this stage price contingency is not considered.

(6) Overhead and Profit

* This item mcludmg taxes is assumed to be 20% of the prime construction cost
thmugh the market study.

(7 Csmmon Preliminary Works
This cost is to cover expenditure required to run contractor’s site office,

warehouse, laboratory and for other common temporary works. In this study, 5% of
the direct cost is adopted since transportation and individual temporary works have

been mcorporated in the direct cost.
(8) Field Supervision

Contractor’s field supervision cost covering mainly contractor’s field manage-
ment staff cost is assumed to be 4% of the direct cost.

A sumnmary of the muiﬁplier factdrs applicablé to this study is tabulated in Table
14-1 together with comparison of the figures adopted in NALS.
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Table 14-1 Summary of Applicable Multiplicr Factors
Compared with Those Adopted in NALS

Consequently the project cost is given by the following computation based on the struc-
ture of project cost and is the one hundred sixty eight (168) percent of the Direct Cost.

Project Cost

= Direct Cost x { 1 + B6 + ( 1 + B6) N7} x (1 + B5) x

Faclor Description Axie Load Study | This Study
(%} ' (%)
Detailed Design 4 6
B and
Supervision 6 4
Land Acquisition “ Excluded in 0
B2 and the study '
Compensation
B3 Administration 5 3
Contingency '
i) Physical Contingency - 15
B4 | Price Contingency 15 See (5)
B5 Ovarhead + Profit 30 20
B6 Comimon Preliminary 10 5
Works
B7 Field Supetrvision -6 4

(1 + B4 + B3 + 182 + /1)

it

Direct Cost x { 1 + 0,05 + {1 + 0.05) x 0.04} x {1 + 0.20)x

(1 + 0.15 + 0.03 + 0 + 0.10)

14.2.3 Unit Price Analysis

In order to analyze unit prices of the respective rehabilitation work items, required
materials, equipment and labour are listed and the unit quantity of each item (or subitem) is
firstly calculated based on standard construction methods. The unit price consisting of basi-
cally labour cost, material cost and equipment cost is in general given by the following

formula.

It is, however, difficult to estimate the accurate production rates of respective items in
the rehabilitation works because of the lack of the rehabilitation work records in Malaysia.

¥

Direct Cost x 1.68

Unit Price
Labour unit rate
Material unit rate

Equipment unit rate

Production rate of each item
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To this end, the following PfUCédliI‘eS are taken so as to ensure the analysis results are
as precise as possible.

(1) The production rate stated in the Cost Estimate Manual published by the Minis-
try of Construction in Japan is medified taking into account labours’ skillfulness,
unit material usage, efficiency of equipment, operator’s capability and so on in
Malaysia as well as based on those in similar projects in ASEAN countries.

2) Applying the modified production rates of various items, the unit prices are calcu-
- lated using the above mentioned formula,

(3) The production rate applted in the above calculation is calibrated based on
comparison with unit prices obtained from JKR and market research.

4) Finallj the unit price of each work item is recalculated using the calibrated
production rate. -

Example calculation sheets which elaborate the above methodology for derivation of
unit prices for several work items are enclosed in Appendix-P of Volume III. A summary of
unit pnce for each pay item under 20 bndges is tabulated in Table 14-2.

14.3 :Standard Umt Prices of Respectwe Rehabilitation Methods

 One of the main purposes of the Study is to establish an implementation program for
the bridge rehabilitation covering all the study bridges which in turn requires cost estimate of
all the bridges.

In this régard, rehabilitation methods and the work quantities for the rest of the
bridges, which were discarded either from the visual inspection or from the detailed survey,
were designated during the supplemental survey and are presented in Chapter 13.

Therefore, standard unit prices applicable to the other bridges are prepared'in this
section based on the assessment of the unit price for the 20 bridges.

14.3.1 Cl_éssifiéétion of Unit Prices for the 20 Bridges

The unit prices analyzed for 20 bridges were reviewed from an applicability viewpoint
to the other bridges and were classified into the following four categories.

Category A : 'Where the.unit prices are not affected by the job site condition
| and work the sequences are similar in every bridge. Thus the
~ unit price will be applicable to the rehabilitation method in
other bridges without any modification.
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Category B: Where the unit prices are slightly affected by the job site condi-
tion but the work sequences are similar in every bridge. Thus
average unit price of those for 20 bridges is considered as the

~ standard unit price. These items are replacement to R.C.
Slab, concrete wall lining and detour roads. In the calculation
of the average, the extremely low or high unit prices due to
special site condition are excluded.

Category C: Where the unit prices are mainly for functional rehabilitation
works. Thus these unit prices are only applicable to the other
bridges provided that rehabilitation method, the work scale
and bridge type of the other bridge are the same as those in the
original unit price.

Category D :  Where the unit prices are considerably affected by the job site
condition and size of the bridge member to be rehabilitated.
These are for concrete pile lining and hydraulic rehabilitation
‘works and are not applicable to other bridges w1thout standard-
ization of these unit prices.

14.3.2 Standard Unit Price Analysis

The unit prices under Ciitegory A are applicable to other bridges with the same
rehabilitation methods and the average of the unit prices under Category B is also
applicable to other bridges with the same rehabilitation methods.

While the unit prices under Category C are only applicable to other bridges if
conditions of the original estimate meet those of other bridges. If not, individual unit
price analysis is required to estimate the cost of the bridge.

For the unit prices under Category D covering concrete pile lining and hydraulic
rehabilitation plan, standardization of these unit prices is presented below;

(.1) Concrete pile l;ming

Each unit price for the concrete lining which has been analyzed in the
cost estimate for 20 bridges is plotted in a X-Y graph on a different pile size
basis to derive a relationship between pile length and the construction cost with
the cofferdam After calibration by interpolation method, standard unit price
of the pile lining for different size of piles was obtained as shown in Figure 14-
3. e
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LINING UNIT PRICE

COFFERDAM UNIT PRICE

Figure 14-3  Relationship for St,andard Unit Price of Concrete Pile Lining
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(2) Hydraulic Rehabilitation Plan

Hydraulic rehabilitation plan consists of slope protection, footing protec-
tion, river bed protection and river realignment and furthermore each plan has
different work methods as mentioned in Chapter 12.

To this end, standard unit quantities of each rehabilitation method are -
firstly estimated referring to the standard design presented in section 12.4.
Based on these quantities, standard unit price of each hydraulic rehabilitation
method is estimated using the formula stated in 14.2.3.

Consequently, based on the above mentioned exercises, the standard unit

price of the individual rehabilitation method which will be used to estimate the
cost of the rest of the bridges is prepared and is summarized in Table 14-3.
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Table 14--2 SU MMARY OF STANDARD UNIT PRICE FOR EACH REHABILITATION METHOD

JE—

) o ) UNIT PRICE (M3)
REHABILITATION ITEMS | UNIT | CATEGORY, DIRECT | PROJECT REMARKS
COST (1) | COST (2)

| Super — 1. Guniting - : : m2 a 620,00 104000 | Cement excepticnally developed for guniting

Structure 2 Guniting with rebear ma2 a 760.00 126000 | Cement exceplionalfy developed for quniting
3. Patching (Type A} m2 a 220,00 370,00 | Depth < 25 mm )
4. Patching (Tyoa B) m2 d 27000 ) 45000 | 25mm < dapth < 50mm
&, Prepacked fining m2 a 208000] 501000 | Depth = 100mm
6. Prepacked finlng wi rebar m2 a 816000 | 531000 | Depth = 100um B
7.Epoxyinjection (Typed) - .| m Ca 12000 200.00 | Widih = 0.2 ~ 0.6mm
8. Enoxy injection {Type B) m a “140.00 230.00 | Width = 0.6 ~ 3.0mm o
B. Protective coaling m2 -3 32.40 54.40 | Cleaning and 3 -coalings {ecrylic resin)
10. Watermproof layer m2 & 47.80 80.40 | 4 — coatings(chloroprene) and pavement {50mm)
11, Steel bonding plale m2 a 930.00 156000 | Growling epoxy resin
12, Repainting ] m2 a 58.00 97.60 | Blasting and 3 ~ coatings (epoxy resin)
13. Adding cross beam (steel) t a 4760.00 7850.00 | Added al span center
14. Attachment of stea! plate i a 930.00 1570.00 | Boited cover plale

. 15. ReplacementtoRGSleb | m2 | b | 560.00 840.00 | Buckle plate bridge 8508/m2 * with addtional girder

Sub- 1. Epoxy Injection (Type &) m a 120,00 200.00 | Width = 0.2~ 0.6mm

Structure 2. Epoxy Injection {Type B} m a $40.00 230.00 | Width =06~ 3.0mm
3. Protective Coating m2 a 32.40 54.40 | Clesning and 3—coatings (acrylic resin)
4. Cornerete lining (Wal)) om2 | b 190,00 320.00 | Dry work, 13908/m2 * with cofferdam{H:=1.0} i
5. Concrete lining (Column)
{8) 410 diarneter (Steol Piles) m d - - Hefer 1o Fig 14-3
(b} 300 x 300 (R.C Piles) : m d - - Refer toFig 14-3
{c) 310x 310 (R.C Piles) m 1] - - Refer toFig §4-3
{d) 360 x 360 (R.C Pites} m d - - Fefer to Fig 14-3
{8) 380 x 380 (B.C Pilss) m d - - Refer toFig 14-3
() 390 x 390 R.C Piles) m d - - Refer to Fig 143
{g) 550X 550 (R.C Piles) m d - - Refer to Fig 14-3 ”
{h} 610 % 610 (R.C Piles) m d - ~ = . | RefertoFig 14-8
(i) 00 diameter (B.C Piles) m d

- — Refer to Fig 14-3

8. Crosshead lining (prepacked)

6000 5310.00 | Bepth = 100mm -

{&} Prepacked lining + rebar m2 a
{b) Prapacked lining m2 a 298000 5010.00 { Depth = 100mm
7. Patching (Type A) m2 a 220.00 370.00 | Pepth < 25mm : ~
8. Pelching (Type B) m2 a 270.00 450.00 | 25 mm < Depth < 50mm
9. Replacemant of Abwt. by m c 855000 |  14380.00 | Portal type pier, PC pile 500x500x41.0 i
: figid frame. ] :
Inciclental 1. Extenssion drainage pipes. No a 350,00 660.00 | Extension and binding with metal strip
Facilities | 2. Water drop - -m a 93.40 160.00 | Bonding strip FRP)
3. Expansion joints (Type A) m a 302000 5080.00 | Rubber seal joint {Span > 16m)
4. Expansion joints (TypeB) - m a 1180.00 200000 | Blind type (Span < 10m}
Temporary 1. Detour road ] b - 590.00 100000 | Emberkment hleght 4.0 ~ 5.0m, 3308/m2 for heght 1.0m
Work -~ 2. Temporary bridge m a 678000 |  11390.00 | Siee frame with wooden deck
Scalfelding 1. Substructure — grourd suoport | m3 a 1249 20,40 | Prafsblicated pipe suoport
2, Superstructure -~ " ma & 12,10 20.40 | Prefablicated pipe support
3. Superstructure - Hanging m2 a 21.30 35,90 | Steel fube with wooden planks
Functional 1. Adding sidewelk {Concrete)3) m2 [ 166000 | : 262000 | B=2x2m, L=3@12,1m, 7608/m2 * for Superstructure
) 2 Adding sidewalk (steef)3) m2 [ 194000 | 326000 | B=2x2m,1=21.0m, S50$m2 * for Superstnciuse
fishabllitation | 3. Widening cariageway m2. ¢ 244000 4110.00 | B=2x3.55m, L=2@6 24m, 370§m2 * {or Superstructure
4. Reising grade m2 [+ 1480.00 249000 | B=9.1tm, L=30.0m. Superstructure slone
Total Replacement ma - 1] 1990.00 334000 | B=12.6m, L=15.0m, 830&m2* for Superstructure
River 1. Stope Proteciion -
Trainlng -{g) Typa A m2 d 140.00 230.00 | Height=3m, Slope 1:15 Stone Mascnry
‘(b)) Type B m2 d 200.00 34000 | Height=3m, Slope 1:1 Concrete Block Masonry
{c) Typa C | m2 d 149.00 240.00 | Helght=3mn, Slope 1:2 Concrets Block Pitching
{d) Type O - m2 d 120.00 200.00 | Height=3m, Slope 1:2 Cencrele Framne
2. Foot Protection . _
{e) Type A m2: d 16.40 27.50 | Depth’= 1m, Dumped Stone
(b) Type B : m2 d .33.40 56.10| Depth=1m,Gablop |
(c) Typa © m2 d: 180.00 290.00 | Depth = 1m, Concrete Block |
) Type B m2 d 5580.00 990.00 | Depth = 2m, Shest Pils slona o
9. Riverbed protection : o
{8) Typpe A . . me d I 260,00 440.00 [ Depth = 1m, Gablon
) Type B m2- d | se000 540.00 | Depth = 3m, Dumped Stone and Gadton
4, River Alignment -
_{a) Typs A __ m d 810,00 510.00 | Spur Dike High = 2.0m
e {b) Type B m . d 320.00 530.00 | Groyne by Concrete Pile Block

Remark : Number 1) ingicate the unit price for Direct Cost
2) indicates Unit Price for Project Cost {=1.68 x Direct Cost)
3) Indicates that the width is the total width of walkway including curb
4) indicate the width of carriageway
Synbo! (7) Indicates that the Unit Cost is Direct Cost
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14.4 Project Cost Estimate

In the supplemental bridge survey covering 199 bridges, rehabilitation methods
for each bridge were identified and the corresponding work quantities were. also esti-
" mated accordingly. The standard unit prices applicable to most of the rehabilitation
methods of those bridges were analyzed in the previous section based on the assessment -
of the unit prices covering various rehabilitation methods for 20 bndges from the de-
tailed survey. :

However, some of these standard unit prices are not applicable to several reha-
bilitation methods such as widening of carriageways, adding sidewalks, raising bridge
grade as well as total replacement, the unit price of which depends on the bridge type
and configuration of the bridge. Those unit prices are individually estimated referring
to breakdown of unit prices of similar rehabilitation methods.

_ The project cost of each bridge can be obtained by adding each rehabilitation
work item amount assigned to the bridge, the amount was calculated by multlplymg the
estimated quantity of rehabilitation work by the corresponding standard umt price.

The project cost of each bridge is shown in Table 14-4 and the total project cost
covering 205 bridges amounts to M$58,148,268, while the cost breakdown of each
bridge is attached in Appendix-R of Volume III.
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‘Table 14-4 S_ummary of Cost Estimate for All Study Bridges (1)

T ) Yeae | Mak No | Bridge | Type Rehabilitation Plans Direct Project
No. Key - - State Built | Span of Leagth of Recomi~t Widenw |Reinfor—| Prolec— Coat Coat Remurks
o i ; {e). | Spags 1 (my | Puidee lroctlon ing _leemept | _tion (M%) (M$) .
B _ODIGAYR0  § Johor 1933 180 2 360 BOX | . 3479 5,413
o1 00108100 | Jobor 5954 1500] 3 27.40f - RCB O 71,104 120,535
3f 00108990 | Johor 1937 218 1 218f HOX . 3,782 5334
4] 00112830 | Tohoo 1960 5271 627] RCS v TaM FTXp)
51 00183760 | Johor 1955 [ e8] 3 204 RCB . v 142.271 330,013
8] 00114920 | Jobor FEEL IR A 1.1 B ) 1286} RCB . 112,917 189,701 | Yncluded in detaited siovey
78 00116380 ‘| Johor - 1947 244} "2 488 BOX . 31,354 52,615
T3l 00121260 | Jobor 1933 242 1 2427 BOX [ 0| Bridze bas becn rephoed
| (0121280 | Joher, . 1930 2.83] 1 283 BOX ) 0| Pridge basbeenrephiced |
a0 0012525 N.Sembit 1230 670] .. ) 870[ RCB . 3516 3| 7 T
10| 00128358 M.Scwbibn ] 1930 x|y 9.58] SBC v 21476 35,160
2] 00145400 .} Selenger 1938 ).83 1 -1.85[ SBE v YT S % -
131 00146800 3 Schngor 1963 12131 3 25.91 118 [ 8263 97,913
14] 00148800 | Perak 1962 2400 1 240] BOX v 2155 3.605
| 135] 00149820 { Perak 1963 1206] 3 AL BT v 36,659 21,747
(36 00131360 | Proak 1960 2.3 7 63,361 RCB [ 80,341 15,71
37100135300 erak 1970 L8 2 362 BOX B 295,271 501,073
18] 05159100 | Pexgk 1948 11,30 3 31300 sBA - 0 0] Tiidae batbeenrepheed
[ _19] 00161140 § Porak 1930 .71 2 19,11} :50B : : 402,568 676,314 | Inchuded in detailed svmvey
20F 0016120 Ferak - 1951 wl .2 16.912] _$BB ’ ' 256,528 430,450
P 21§ 0018622 Pernk 1943 ‘5671 1 3.671  SBB * 57,003 146,316 B
22} 001663 Perak 1933 _um | I0T2[_ SBG . . 302,038 243,424 | Included in defailed anrvey |
23] 0003400 | Keduh: 1930 281 2 - 1220] RCB . 113,000 189,591
24| 00184500 Kecvh 1930 320 1 5.30] - RCS . 60,603 101,813
[ 25| 00184980 [ Kecah 1930 a64] i afi| RCS . 22,923 38,351 .
26 | C0i56210__| Kedah §940 A .t 3.23| . SBB v 3,56 64,757
27| 0028340 | Pabang 1935 6251 : 1 625 SER . 59,269 99572
22| 00223970 | Palaxg 1983 EXoE I Al Box [ 52,253 138,188
29| (030350 | Pabang 1987 640 1 640 PRR : 41,724 70,095
30| 60231790 | Pakeng 1040 (%23 27] RCE 1] 0| Mo defect detacted
[ 31] bia32880 | Pabsmg 1943 PR I 11.08{ FRB ' 153,680 238,182 O
52| 00237200 | Pehung 198 B 3 2870] sBC : 223,645 375,724 | _Included in defailed survey
33| 00303220 | Joboe 1940 484 1 A24i]  SBE: . 49,953 83,924
34100003430 | Johar 194 4% 1 4%] sSbC : 4570 78,607
[ 35| 00003890 | Jokor 194 438 2 %.26] RCs . i) 101,419 170,384
35| 0504040 | Johor 1963 3665) 3 92.23| RCS . 146,830 246,674
37} 0304390 | Johor 1973 30 1 33|  sBC * $0,971 152,831
3] 00305390 | Jobor 1974 1657 3 s457] I ' T MES,007 312,492
| 00008720 | Jobor 1969 X ] 3i36] _Im . 203,621 342,033
4| 0013130 ] Yobor 1930 440 1 4.40]  SBE * . L 115,662 181392 ]
41| 00613520 | Pahang 1960 180 -2 3600 RCS . " 114,609 192,543
2] 00314180 _ | Jobor 1964 X7 I 11.00] _PRB » 25031 388,132
43| 00316745 | Fabang 1963 367] 1 5.67)] RCS . 26,534 125377 - .
4] 00317000 | Fahang 1974 45788 9 39132} - PCB . 2,053,043 3,410,112 Inchuded in detuiled srney
43700319310 | Pabsng 1952 eI 12156} FCB [ 293,327 492,789 | Yechided in detuiled suruey
46] 00319400 | Pabang 1260 s.67f 2 1L.M] . FRB [ 24,013 141,142
41| 00323070 | Prheng 1965 42 3 - 3126 RCR . 108,330 181,994
a5l 00328020 | Falana 1965 sl 5.73] PRB [ 38,172 97,735
49] 00326330 | Palang 1963 sea]. 4 23.52] PRB [ 154,067 273,633
30) - 00336310 - | Pabang 1935 1200 3 3500] RCB - * 260,757 280712
31} 00831240 | Palamg 1937 6381 ) 658] RCS * 30681 as,150] L ’
52| 003385280 | Terenaganw - | 1863 2.6 16 209.43| _ PCB . 7,014,000 11,783,520 | Total rephacement
53} 00335210 | Tereagmou | 1963 13220 10 152201 PCB : . 655,494 1123,070] :
34| 00344800 | Tercopsasn | 195% 1210} 3 35141 RCB ' . 95,184 1,335,912 | luchaded in detafled survey |
53| 00740 - | Fererpmne | 1973 30s50| ¢ 152.26] FCB . 3314414 5368215 | included in detailed purvey
56| oosiien - | Fex au_ {1960 | © 552 2 1.18] PRB [] 0] Bridge bas beentéplaced
ST Co0s4830 | Terempgani 1 1963 398) 3 1788 PRB . 54,181 96,014
s3] 00036790 | Teremgsanu {1939 [ ) 33.10] FPRA v 45,500 73,251
39 00337200 ! Terepgganu | 1959 se4] 3 3041 PRB ' 50,745 45,753
60) 00337270 _{ Terenaganu | 1957 - 58991 - 2 i1,78] PRB . 465,374 71,508
65| 06341490 { Tercogmou | 1960 5617 3 18.03{ PRB : 96,131 161,500
62| 00363630 | Terengganu | 1965 sedl 1 S84l _PRB ' 35,083 63,976 .
#3| O1GSSE0 | Kelntan - - f 1952 hE ) [ 3246 - FRB h 569,968 " §57,346 ] Rephoement of supcrstructure
61]_00355890 | Kebnten 1951 4wl "2 2.58] " RCS " 135,089 225950] . ;
65| 00358300 | Kekmtan 1955 4887 2 968 RCS . 115,329 193,153
681 00305380 | Johor 1968 el e 41252} RCS = 358,364 669,252
67] 005065870 | Jobor 1971 1S9f 3 3647] T ’ 201,959 339,358
6] 0007230 | Jobar 1888 nal_ anl _ pcs ' 172,396 289,961
49§ 0050782 Jobar | 1963 1200 5 47.83 T o HLOW 574,803
J0f 00510560 | Jobor 1960 1042 3 31.24] RCB ' 143,454 241,003
N}f_0i613960 | Jobar 1963 13.30] 3 30.22] RCB . 500,739 843,273
2] 0514300 | Jobor 1960 04| 3 2207] IT . 80,263 134,882
7] oi514370 | Jobhor 1950 631 63| RCB [ 42,35 7,511
74| 00514860 | Jobor 1953 X 46.03| RCH © 0 Dwiige bas beenrephoed
Bl 00516590 - | Jobor 2EG 830 12.62| RCB . &4,41 108,219
76]_ 00819360 | Mehka 55 6.2 7 £270] RCS . 224,288 376,800
] T Mehla 040 45 1 495 PRB . 2,931 4,924
78] OGSI9700 | Mekks 951 48] 1 435] PR v . A8 126,682
| 050130 _{ Mehka L) 646 1 64| PRI [ 7449 12514 : .
40| 000850 | Rfchka 1950 £27]: 3 4271 SR . 4168 - 40,599 | Treluded in detaided survey
1] 00821300 | pehaka 1950 6.90] - 6%] RC . 119370 00,542
427 0121710 - | Mekka 1960 1072 a7 RCB hi : 190,069 319,330
331 00521980 | Mchka %60 713 2 1426] RCH : 154,385 259,363
- 84] 00622760 | Meln 1930 7.47 747]_ SBE ' . 23,979 40,285
&3} 00523300 | Mehia 1930 CE 9.3 SBE . 3,910 6,569 .
|- 85 00523620 | Michika 1960 738 2 15,16} PRE . 7,003 132,742
37[_ 00524420 | Melaks 1930 .50 .3.60]  RCS . SE 181 97,744
23| 00524950 - | Melaka 950 851 15| BOX v 4439 7458
_ 891 0032050 N.Sembilan 30 15 305] SBB . . 62,28 1,634
90| 00532850 | N.Sembiho 970 1n.0:2] 3 33.24] RCE ’ 195,200 7,936 -
L 01| 0053445 N.Sembibn 65 sa3 |- 4 3532] RCB ' 158,806 56,794
. 52] OGSM5N | Selanger 960 695) 4 3153] RCE . 240,81 44,373
93| 0653566¢ | Sclangor 1950 1470 - L3 RCE * 369,610 _ 620,962
94] 06336970 | Selangor 1950 230 230[ DBOX . 21,730 46,385
|53 O034076¢ | Selangor 1940 130 11.04| RCH ] 01 Brudge bus bezn rephced
$6] (114091 Sehngor 1950 529 1 - 6.29] sBB ¢ 86,457 145,920
_ 51 00341000 | Selngor 1950 XTI 3.2 0B . 95332 163,551
981 00341210 | Selangor 1950 %] 4.7 BB . 21 23,354
91 oFdsiso _“ESS‘ 19469 10.64 3 3094] RCS + 25,854 36,713 | Included i detailed suney
100} - 00545980 | Sehangor 1969 10.64) 3 384] RCS . 682,398 | 1,146,765 | Included fu detailed nievey
[Ie1] 00549550 | Sehngor 1963 izetl 6 3.36] 3BC . 161,078 270,611
|_12| 00553260 | Perak 1960 246[ 2 497} BOX v 35,677 59,937
103| 00556900 | Perak 1038 733 I 33 RCS M 45,136 75,623 - e
"1 0Ade3az0 Perak 1972 14.07 3 4].5 - iT M 122,139 205,274 3 Tnchuded in detuiled ssarvey
| 105 | co54704¢ Perak §960 5,06 2 1212] PRB N M 241,092 415,115 { Inchaded in detailed sigwy
| 10§] 0016945( Perak 1950 2830 ¢t 283 SBB . 40,350 61,853 .
07| OG700a K Kedsh 1964 18.40] 1 140 FCB : s . 131,327 220,968
| 208] 6070075 Kedah 1970 15.35] 1 3.36] RCS _ F e 192022 332,397
IO 00701810 i Kedah 1970 3052] 3 42.60] PCB . . 115,508 194,060
Elof 00700630 _ | Kedah 1950 234 1 9.54] RCB . 71,353 119,873 [
L] 00703330 | Perlia 1563 480] 1 He0| PCH . 34,348 $7,708




Table 14-4  Summary of Cost Estimate for All Study Bridges (2)

Year | Max, No Bridge Type | Rebabititatbon Flans Divect Froject
No. Key State Haik | Spas of leogth of Reconst—| Widen— {Reinfor-) Protec- Cost Cost, . Remarks
{r) | Spaps | (m)_ | Biidge jruclion ing  [cement tica (M5 (245) N -
M2l 0016130 | Perba 1950 6.63 1 6.63| SBB : 0 - 0f Bridze baybeenveplaced |
1131 00300330 | Pabang wio [ a7l i 347] " sBB i 3580 61,903 : i -
14| D020305¢ | Pebang 1950 9,04 2 (804} 3SBB * 133,607 124,450 ]
US| 06303900_ | Padung 1952 412 T T P . 152 265 255,813
_ k16| 00810120 ] Pabang 1950 6.90 1 690] SBB b 30,491 84,311 —
117 00813470 | Pabang 1960 167 1 iL.87]_PRE . 106,163 178,284 -
_ B 00818060 | Pabavg 1980 M4y 1 04 ECB G -0} Nodefeet detocted 7
| 158 00312340 Kelintag 1982 pINE] 3 2091 Fca M 224,624 37,7104
120 00834850 | Kclsutan 1960 463 3 11| RCS . 334,174 351,404 | Tuchuded in detailed aurey )
121 00834750 . | Kehatae 1960 334 1 M, RCS bl 48,807 3347 . - _
1221 0ayIe | Kehnhin 1950 565 2 1202] RCB b 47,848 20,343 ]
§23f 0083190 | Kchoban 1T 4.48 2. " %921 ROS ' 1 234,668 400,857
124| ©0901360 | N.Sembilan 1960 5.4 1 A7l RO * 44,218 74320 i
12351 00201420 | N.Ssmbilan 1950 hYi] 1 ..324| SBR - oLE L 89 512) 130,380 e N
13| 00004700 | N.Sembitan 1830 3.63 ] 363 S5BH : 18,678 64979
127 _ 00801960 F M.5embibp | 1930 9071 2 814! sBB v 162,113 303,940
128 | Q0022T)_ | N.Sembibin 1959 314 ] —an §8B ' 36,633 £1,547 i
129] £0902360 | N.Sembibin 1950 .U 1 31 SBR . _B961 139,314
130] 00907430 | W.Sembilse - | 1940 i10 1 3.10] sSBB ' 81,32 103,873
M [ 0040 | NSeawhihn 1936 110 )] 3106{ SBB Lt 44,178 N A
37| 00peia30 | tiSembibn | 193¢ [l I 2.71] " SBB + 32,953 88,930 ]
133 ] O0R04190 | N.Stmbibin 1350 9.54 1 9.54 SBR b 85,147 102,730 o
13{ 00907010 ] N.Senbiksn 1930 438 J 636! SBB b 43,649 81,147 .
1AL ] 908400 | N.Sembilan 1938 |- 1070 3 | SBE h 192,813 32328
36 00911990 | Fahang 1931 1077 4. 32.08 SBB » 166,452 219,658 i
137] 01105770 | N.Sewbihn 1975 6,088 .3 1432] PRB . 45.745 81,891
18y 018000860 ] Perak 1960 3.6 | 368] RCS ‘ . 61,934 104,133 -
139] 01800670 | Perak 1950 478 1 478]  SBC 0 - v 140,736 233,680 1
[ 120} 0230040 | Joker 1956 620] "2 1238 | 8RB . 69,445 116,658
141 02308970 | Jobor 1830 3680 2 160 _RCS . Tose 15,017 -
14| GR001070 | Jokor 1319 in 1 477 5BB M 16,328 128,2M | Included in detailed survey ]
133 5001890 | fobar 1530 ] 505! SBB . 76,316 158,131 !
144 05002590 § Jobor 1240 478 1 473| sBB ‘. 3,563 108,450
143 | G108 NSembikn 1630 $.41 1 941] SBB 1] 0] Bridge hasbeewrephced -
145§ 051013 N.S¢wbilan 1340 __33 )] 8313 _SBEB hd 31,567 34,297 . -
147 03101460 | N.Sembiho -] 1950 LR/ ] H 324] SBB i 48,315 31,160 : i
1481 05102360 | NSembilan 1930 474 1 4740 SBB . 33,697 L oS0z
149 102280 | N.Sembiba | 1960 18 i 481}  sBB . 42,118 70,758 -
150F 05102380 | NSembika 1960 b5} 1 121} SBB * 5574 63,304 | Repheepent of supcratruachoe
i51| G3M02470 | NSembiha | 1960 an ] ‘Al] SBB * . 51,470 136870 | ]
$32] 3103030 | N.Seembitan 1950 379 I 37| SBB . 45514 A4
133 | 05103300 | MN.Sembiha 1933 2.62 2 v 943521 134,528
154] 05200280 1 N.Sembiben 1932 465 J . 77,563 130,820
155 | 05202450 ) Sehpgew 1958 1211 1] hd 33,119 33,625
156] 5208510 ) Schngor 1950 w80] 2 v 2,508 4,157
15703204370 | Sehy 1954 1524 3 * 177,869, A0
138) OSMMF0 | N.Sembibn 1930 9.33 1 A 114593 192316
132 Q5300060 | N.Seabihe 1930 6.27 i : 60,159 101,034 .
160] 8301190 | N.Sembika { 1950 il 4 9 o Bridet tasbeemrepbiced |
_I61{ 05302050 | MSembiho 1950 845 1 * 63,120 116,1%
162] 05302160 | N.Sembiten 1950 (] 1 . 38300 98,003
[T163] 09302350 | N.Sembitn | 1940 670 . 91,943 154,464
164 | 03403460 | Sehngor 1930 536] 1 0 43,706 T8,
165 | 05493370 | Schogor 1560 305 1 . 182,233 307,158
1661 05801510 | Pensk 1950 360 1 . 47,859 20,470
187] OSR01630 | Perak 1950 3.7 ) * 63,077 116,049 - .
i 168| O3803340 | Pevak 1920 497 ] . 63,140 102,435 | Eucloded in detaticd suney
162 | G3001000 | Pesak 1930 458 i . 30941 31,981 )
170] 02201070 Porak 1930 An 1 . 41,341 59,433
17| 0ap0i420 Peruk 1958 1.9 2 ' 56,229 14,248
172 05508380 Perak 1950 163 1 . 25,859 A4,494
173 | 05001690 Ferak 1950 9.53 H hd 548 3,723
1743 05902030 | Perak 1950 3.56 )] hd 23,320 39,0101
173 05902130 | Persh 1950 4.2) 1 . 32,430 54,482
176 | OG0 | Ferak Ties E80] 1 . 25,289 2,46
177{ 8902920 | Pesak 195G a1 1 . . 56,158 111,143 i )
1787 BHOIM | Perak 1959 10.83 3 : 251,533 413,163 | Included in detailed sarwvey
| 17905905010 | Pabang i 1961 30T4[ 4 . 171,852 243,711
180 5905200 § Pabaog 1930 [X4] 1 . 55,030 93,450
131¢ 05905010 | Fabang 1930 £.35 I . 32,457 48,128
| 182] 05000570 [ Perak 1930 EXT] 132,137 2215571 Tolslreplccment
53| 053X Perak 1560 3.02 1] M 15402 44,385 "
I 00507 Perak 195 1.20 4 M 29.955 30343
1351 0600522 Perak 19 701 1 N Q568 s
136 | DGEBT40 | Perak 1964 3.80 3 M 12,339 2,699
187 CEO06030 Persk 1950 308 i * 13,953 124,248
[183] 06408360 | Pabwog 193 FEETE I L A 73,643 1n70
1891 06403500 | Pabang 1930 T S v 7,027 112,605
190 06404270 Pabang 930 10.91 3 * 3,6 106,910
191 | 06404040 | Paharg 930 sl 1 v 100,264 113,47
191 | GSSOEESD | Fakang | 0930 1 631 v 48,00, 42 |
193]  DS4D5260 Fahang 210 4.80 * ’ 108,272 154,897
194 081200 Kedah 1930 6.03 * 2,244 3,837
195 | 06701330 | ¥edsh 193 613t 2 . ETYLY, 57,350 ]
196 06701690 Kechb 1968 30.64 3 M 187,913 2100
197] 067060 | Kedah 1950 i 1 . 45,042 75,642
1981 07006230 1 Penak 1930 343 1 + 92,351 133,200
199 ] OO0 759G Fesak 1970 14.50 3 . 125,253 210,428
2001 07002480 | Peyak 19%e | sesl 1 0 72,369 119,840
1| lsi23d Perak 1950 6,35 1 . . 46,947 8,871
37| 0760240 | Perak 1930 3351 . 67,671 13,687
| 203 G7G040%; | Perak 19350 4.33 1 * N 124217 208,785
204 O76C4EED | Penak 1950 kA 1 * ' 39,356 00,034
235 | 07604150 | Feeak 1530 on[ 1 . v 55,36 11,872 ]
06| 07606390 | Perak 1930 3.07] 1 0 7,59 63,153
207] 02601000 | NScmbolin 1950 9.0 1 * . 37464 146,940
08| 03601190 § N.Sembiksn 1350 LX: ] * 47,465 M - :
_209} _(86014)0 1 N.Scmbikn 1630 3.6 t o 0| Bridge has besn replaced
E60I830 | NSembilan | 1950 |  3.35] 1 i 44,293 74,412
05602050 | NSembilvn | 1930 %13 I : 39,753 66,835 L -
036026 03 N.Semwbitan 1958 3.00 1 Ao * 153,868 266,898 | Rephcement of superstrture
08502540 | N.Sembilan 1960 3.08 [l [{] 0} Bridge has been replaced
04603735 | M.Sembiln | 1950 4zs] 7 v 205595 457,372 | Total replacement _
03601990 | N.Sembilin | 1930 962y | v 61,447 10,25 : o
08601640 | NSembihn | 1930 951F 3 N 132,566 333,343
Tetal Amcunt 34,612,065 58,145,268 )
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CHAPTER 15

'ECONOMIC EVALUATION

This chapter aims to evaluate the economic viability and to determine the priority of
each of the 203 bridges out of 216 study bridges because 11 bridges have been replaced by the
Government after this study started and two bridges have no rehabilitation work requirement,

The study methodology was determined based on the following principles:

- The method of evaluation shall be simplified due to the large number of bridges to be
evalvated and to the relatively small cost of individual bridge rehabilitation work,
- Future traffic volume shall be estimated by utilizing existing traffic data to the maxi-

mum extent.

- The result of economic evaluatiop.sha'll be easily reviewed by JKR corresponding to the
possible changes in the future traffic situation.

In accordance with the above principles for the evaluation, the following procedure was
taken as shown in Figure 15-1.

Road Traffic Volume
and Trends

Figure 15-1 Flowchart of Economic Evaluation

Bridge
Rehabiliteticn
Plan
Physical Effect dueto ]
Aehabiltation ¥ ‘
Road Tialfic Extension of Increase of Load Increase of [ Financial Cost
Forecasting Bridge Life Carrying Cepacity Traffic Copacity
_Praject Banefit Y
- Sanng M VOC e
2dl easg | [ .CostSaving: | | Other Benefit _
6t 160 SinMeintenanca .| | (nlangible) -<-—-|Cor~ersion Factor
Vahicle Operaling e -
[ Cost (VOC} | Y 3
Benefit Economic Cost

Tangible Benefit

{ : !

Senaitivity

CTveraﬁ'_‘}

Evaluation
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1) Select a traffic count station corresponding to each brldge from the traffic census

data.
2) Estimate the future traffic volume of each bridge usmg traffic growth rate mcluded

~ in the above.
3)  List possible benefits derived from the proposed bridge rehablhtatlon work.
4)  Formulate an evaluation model to quantify benefits included in the above.
5)  Calculate economic benefits using future traffic volume and vehicle operating
cost. _ _
6) Convert financial cost into economic cost.
7)  Work out economic evaluation by benefit cost analysis.
8)  Conduct sensitivity analysis to test evaluation stability.
9)  Judge project feasibitity considering indirect aspects.

15.2 Traffic Projection

In general, the following three methods can be considered applicable in traffic projec-
tion:

- Four-step Model
- Model using Economic Indicators as Parameters

- Trends Model

Considering that the study bridges are scattered widely over the country, traffic volume
would have to be forecasted in a national scale. The four-step model or the model using
economic indicators as parameters, however, would require a considerable amount of computa-
tion work and would produce relatively inaccurate results in terms of the traffic volume at
bridge site. In Malaysia, traffic count data have been compiled for more than 450 stations in
the Peninsular over past 10 years and, therefore, a simple and accurate forecast has become
possible using the data as compared to the above stated models. The trends model based on
the existing traffic data was adopted for traffic forecast in this study.

The procedure to forecast traffic using the trends model presented in Figure 15-2 is as
follows:

1)  Identify a traffic count station corresponding to each brldge

2)  Determine traffic volume (16 hours) by vehicle type and growth rate for each
bridge. :

3)  Convert 16-hour traffic volume to daily value (VPD),

4)  Set growth rate at zero if it is calculated negative.

5)  Calculate future traffic volume using the growth rate.

6)  Break down daily traffic volume into those by vehicle type using the present modal
shares. : _
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- In this Study, "Traffic Volume Malaysia 1989" (HPU, Sept. 1989) was referred to for
traffic count data. The data used to estimate future traffic volume for each bridge are shown
in Appendix-S of Volume IiI.

- -Figure 15-2 Flow of Traffic Projection
Traffic \:’_ol.?_me'Malaysia. '(HPU)

F" N - - - - T T/ T/ T/ T T T
t | Current Vehlcle Current Traffic Volume Estimate Growth Rate :
ll Iiompos[ﬂon (6 categories) {Vehicle/16Hrs) of Traffic Volume |-
T U U I |
Convarsion N
Factor 1.7
¥
Current AADT{VPD)
!
AADTe
YES Growth Rate
I -0
' l Future AADT (VOT) )
Growth Rate
e ] .
! Zero Assumed

| AADT by Vehicle
l Categories (VPD}

15.3 Ecenomic Costs
(1} Cost Components
The cost components to be considered in this study are:

o Rehabhilitation Cost _
~ Investment cost in order to improve bridge durability and to enhance bridge functions.

o Maintenance Cost
Continuously required cost in order to keep bridge serviceability after the rehabilita-
tion.

2y Conversion to Economic Costs

The economic cost of the project is normally calculated from the estimated financial
cost by eliminating taxes and transfers and by applying, if necessary, the shadow prices in cost

- 15-3



component. In order fo standardize the process, authorized conversion factors from financial
to economic prices are published by the Economic Planning Unit (EPU), the Prime Minister’s
Department. In this study, these factors were taken.

Using the conversion factor, economic cost is derived according to the following
formula: - :

Economic Cost Conversion Factor Financial Cost
(EC) =  (CF) x  (EC)

Since the conversion factor that can be directly applied to the bridge rehabilitation
works was not shown in "National Parameters for Project Appraisal" (EPU, 1986), the aver-
age of the following works was adopted as the conversion factor in the study:

Reinforced Concrete Piling 0.78
Excavation and Embankment Building 0.80
Road Surfacing 0.87
Concrete Work for Civil Eng. Structure 0.77
Structural Steel Work : 0.78

Average 0.80

(3)  Economic Costs

The rehabilitation cost estimated for all the bridges in 1991 prices is converted from
financial to economic cost as follows:

Project Cost (Financial)  : MS$58,148,267
Conversion Factor : 0.80
Project Cost (Economic)  : M$46,518,614

The maintenance cost varies depending on natural and socio-economical conditions of
the area where the bridge is located. In the absence, however, of the unit maintenance cost
identified as standards in Malaysia, actual examples in the OECD countries-were studied.
According to the study results, annual maintenance cost ranges between 0.1 and 2.0 % of the
initial construction cost of bridges. Hence, annual maintenance cost was assumed to be I % of
the new bridge construction cost in this study. In addition, the standard construction cost of a
new bridge in Malaysia is about M$2,500 per squaremeter of deck in 1991 market prices.

Maintenance cost after rehabilitation proposed in this study was assumed as follows:

i) Reconstruction and widening :
2.5 % of rehabilitation cost for 5 years (0.5 %/year)
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n

ii) Reinforcement : |
5.0 % of rehabilitation cost for § years (1.0%/year)

iii) Protection :- : :
10.0 % of rehabilitation cost for 5 years (2.0%/year)

These maintenance costs are also subject to conversion.
Benefit Measurement
1 Benefit due to Bridge Rehabiiitation

Benefits accrued from bridge rehabilitation are :

User Benefit : Benefit of bridge users and adjacent inhabitants directly brought
by bridge rehabilitation.
Social Benefit. : Indirect social benefit including stabilization of society and im-

provement of living environment,

Supplier Benefit :  Benefit of bridge supplier/administrator including maintenance cost
savings.

For each of the benefits above, there are tangible and intangible portions, as described

User Benefit
« Tangible Benefit

Benefit of bridge users occurs mainly from the savings in vehicle operating cost.
‘More concretely, the following benefits can be quantified:

i)  Savings in vehicle operating cost due to a reduction in unservice durations of
bridges.

Improvement of bridge durability reduces number of days of bridge unservice
(extends bridge life) and, therefore, saves vehicle operating cost required for

detours.

- i1) Savings in vehicle operating cost due to an increase of vehicle speed

Bridge widen.ing makes it possible for vehicles to keep running speed on and near
the bridge.
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» Intangible Benefit
i) Reduction of traffic accidents

Bridge widening facilitates separation of vehicles and pedestrians. This feduces
traffic accidents, though unquantifiable.

ii) Improvement in Traffic Security

Improved service level increases punctuality and safety of traffic reducing idle

. time, though quantification is difficult.

)

Social Benefit and Supplier Benefit
= Tangible Benefit

i) Maintenance Cost Savings

“The maintenance cost savings can be expected on the bridge administrator side.
The benefit comes from the difference in maintenance cost between "with" and "with-

out" project cases.
« Intangible Benefits
i) - Access to Public Facilities

Public facilities such as high schools, hospitals, recreational and social facilities
are relatively fewer in the rural areas than in urban. However, people who live on the

‘'opposite side of the bridges leading to these public facilities will lose their access to this

facilities, if the bridge fails.
i1y Improvement of Social Environment

If a bridge is unusable, it is difficult for the military and police authorities to
capture criminal elements. The rehabilitation of bridges may have an important contri-
bution to mobility of these government authorities and assist in the improvement of
social environment including peace and security.

iil) Access to Market

Those who live on the opposite side of the unserviceable bridges may lose the
opportunity to sell their agricultural products and to buy daily necessities or production

inputs.
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iv) Access to Development Program

Many rural development programs may be conducted to encourage greater
production and improved lived conditions. The unserviceability of bridges may reduce
benefits from these programs.

15.4.2 Model for Bridge Life and Unservice

In order to guantify the beneﬁt of reducing unservice duration of bridges, a probabilis-
tic model was introduced.

(1) Bridge Life

" Usually it is said that a newly constructed bridge has a 40 to 80-year life span.

For example, a 50-year life span is expected in Japan. This life span is mainly fitted

for calculating depreciation and taxation and does not reflect the real bridge life span

- until a bridge is physically unusable. If a bridge is well maintained and repaired, its

physical life span could be longer than 50 years. A bridge will be unserviceable be-

- cause of social factors such as width or loading capacity for increased traffic volume
'and other administrative reasons.

_ Therefore in the study, the brldge life span was defined as the bridge age by
which a half of the {mdges population would have been statistically unservxceable

(2) Probability Model for Bridges to be Unusable

~ In the absence of statistical data as to bridge life in Malaysia, a study in Japan
was referred to in this study.

| "Statistical Analysis on Bridge Life" (H. Lizuka, JSCE, 1988) dealt with 4,377
bridges in Niigata Prefecture in Japan and obtained a reliability function R(f) based on
reliability theory.

USing R(t), the unreliability function F(t) can be expressed as F(t) = I-R(t).
Therefore, the "Unserviceability Probability Density" {(t) is:

f(t) = dE(t)/dt = -dR(t)/dt

Using R(t) shown in Fig'ure 15-3, f(t) can be calculated. As shown in Figure 15-
4, "Unserviceability Probability Density” f(t) can be approximated by the "normal
distribution™ with an average of 50 years and a standard deviation of 16.7 years.
Hence, bridge life applied in this study was determined at 50 years. The following
equation shows unserviceability probability density for newly constructed bridges.
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Hence, the cumulative probability that a newly constructed bridge becomes
unserviceable by the year t is expressed as follows:

F(t) = fz f£(t)at

Figure 15-3 A Example of Reliability Function R(t) in Japan
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(3) Probability Medel for Bridges to be Unusable after Rehabilitation

| In order to quantify the benefit of rchabilitation works, a function for bridge
unserviceability probability density after rehabilitation should be assumed.

« Protection

Protection work is defined to be the work to maintain the design load-carrying
capacity of the bridge and to ensure the safety of road users. This effect was assumed
based on an engineering study and it found that the probability for a bridge to be
unusable will be kept constant over 5 years at the same service level as that at the time
protection work completed. In formula :

General formula of probability
fo(t) = N [50, 16.72]

For a bridge of age n, this can be modified to the following since the bridge is
existing without falling down in spite of the probability of falling down in the past:

£f1(t) = kl1-fo(t) (t>n)

where: Kkl = 1/(1.0?Fo(t<n))

Fo(t<n) = In fo(t)dt
Q

The effect of protection was assumed to extend the bridge durability over 5 years.

Probability after protection

il

£2(t)
£2(t)

k2+.£f1(n) {n<t<nts)
k2:£1(t-5) {t>n+5)

it

where: k2 = 1/(5+£1(n) + F1{t>n})}

Fl(t>n) = J £1(t)dt

« Reinforcement .

Reinforcement work is defined to be the work that enables a bridge to carry
heavier loads by strengthening the structure. The effect of bridge reinforcement is to
increase bridge durability and to extend bridge life. In this study, the following as-
sumption was adopted:
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- The probability for a bridge to be unusable will be kept constant over 5 years
at the same level as that at the time work completed. ThIS is the same

assumption as "protection work".

- Bridge loading capacity will be improved by 20 %. Hence the probablhty for
a bridge to be unusable will be reduced as much as 80 %.

in formula:
Probability of bridge durability rehabilitated
F3(t) = N {m, §2] = N [50, 20.92)

Cumulative probability

F3(t) = r: £3(t)dt
Assumiﬁg new age n3 from the following:
F3(n3) == Fo(n)
Therefore, the bridge gains an extended life of (n-n3) years by reinforcemeni.

Probability after reinforcement:

fa(t) = k4-£3(n3) (n<f<n+5)
£4(t) = k4 £3(t-5-(n-n3)) (t>n+s)

il

Where, k4 = 1/(5-£3(n3)+F3{t>n3))
= Reconstruction |
The age of a bridge becomes zero upon reconstruction,
In formula:
Probability after reconstruction .
£5(t) = fo(t-n) = N [50+n, 16.72)

Figure 15-5 presents schematically the effects of rehabilitation works in terms of
probability for bridges to be unusable for ages 20, 30, 40 and 45 years.
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Figure 15-8°

Probability Density of Bridge Unserviceability after Rehabilitation
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Table 15-1 Probability Density of Bridge Unserviceability after Rehabilitation

QU IVALENT AGE z 203 .
Origlnal wWitlout Protect fieinforce Recone
7 § a2% 0. 12

EQUIVAILENT AMAGE z 30
or ] Without Protec Reinfarce | lecons
. ]

EQUIVALENT AGE - <1 €y
¥ithout Protect Reinforce Recons
0%, .
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15.4.3  Vehicle Operating Costs (VOC)

The vehicle operating cost plays an essential role in estimating road user savings. This
consists of 1) running cost and 2) time cost. NALS developed the evaluation model for vehi-
cle operating cost in Malaysia, In this study, the model (Econom V5. 1) was adopted with the
followmg minor modifications:

1) Updated YOC

Using the consumer price indices by sector, VOC was updated to the 1991
level.

2) YOC of Heavy Lorries

Although NALS calculated VOC separately for 3-axle lorry and 4-axle lorry,
the traffic count data does not discriminate between these categories. Hence, in this
study an average VOC was calculated for "heavy lorries” assuming a combination of 85
% 3-axle and 15 % d4-axle lorries,

3) Vehicle Running Speed -

In detour routes which are required when a bridge is unusable, the slowest
"flow group" in the model "Econom" was assumed while the fastest "flow group” was
adapted on regular routes. In addition, the running speed on bridges before widening
was assumed to be half of that on regular routes.

Table 15-2 Vehicle Running Speed assumed for Estimation of YOC
Ckm/hr)

Vehicle Type Cars Light Nediun. Heavy 1 | Heavy 2
(2 AX) (3 Ax) {4 AR)

Regular Route | 76.38 | 66.06 | 55.70 | 40.9 42.97

Detour Route 54.68 | 49.89 43,68 35.20 36.34

Before Widening| 37.19 | 33.02 27.85 20.45 21.49

Table 15-3 Vehicle Operating Costs by Vehicle Type

{(MS/km)

Vehicle Type Hotor- | Cars. &| Buses 5.Vans &| Medium Heavy
cycles | Taxies Utilities| torries JLorries

Regular Route 0.046 | 0.184 1.517 0.498 0.785 . | 1.059

Detour Route 0.055 | 0.220 | 1.859 | 0.832 0.911 1.147

Before Widening| 0.066 | 0.266 | 2.761 | 0.867 1.248 | 1.579
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15.4.4 Benefit Measurement
(1) Equivalent Age of Bridge

Residual life of a bridge differs by structure, traffic volume, geography, present
structural conditions and other factors even if physical age is the same. In order to
assess residual life of a bridge, a concept of "equivalent age of bridge" was introduced
in refation to unserviceability probability based on overall rating from a safety view-
point, traffic volume and year built. It can be defined as a normalized age on the
unserviceability probability density function with an average of 50 years. Hence:

' _ Life of Newly Equivalent
Residual Life of Bridge = Constructed Bridge - Age of
(50 years) Bridge

Table 15-4 Assumed Equivalent Age of Bridge

Overall Rating From |[Traffic Volume Year Built

Safety viewpoint (R)|{AADT : Vehicle
/day) |Before 1945 After 1945
4.0 <= R sl : 45 40
3.5 <= R< 4.0 AADT >= 9,000 45 40
MDY <= 9,000 40 30
R < 3.5 AADT >= 9,000 ?.0 - 30
AADT <= 9,000 30 20

(2) Unservice Duration of Bridges

In order to estimate the unservice dufation of bridges, the number of months
required for bridge construction was assumed as a function of bridge length as follows:

log (M) = 0.572 log (L) + 0.043

where, M : Standard number of months required for bridge construction
L : Bridge Length {m) ' _

Using "M", number of days of bridge unservice is derived as follows:
d = fxMx (365/12)

where, f: probability for a bridge to be unusable
d : number of days for a bridge to be unusable
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§)] 'Equ.ation for Benefit Calculation

The equations developed for calculating benefits are based on two options,
namely- 1) bridge rehabilitation (with project) and 2) do nothing (without project).

» Protection

Bl = % Z (fo(x)-fwp(x)) 'DBU-AADTxi- (DLo VOCio-DLW VOCiw)

X 1
where, Bl . Benefit from Protection ($)
fo(x) . Probability for a bridge to be unusable in year x without rehabili-
tation
fwp(x) : Probability for a bridge to be unusable in year x after protection
DBU :  Number of days required for bridge construction (day) -
AADTxi : Average Annual Daily Traffic of Vehicle type i in year x {vehi-
L cles/day) - '
Dlo. : Length of detour route (km)
DLw : Length of regular route (km)
VOCio : Vehicle Operating Cost of Vehicle type i in detour route ($/km)

VQOCiw : Vehicle Operating Cost of Vehicle type i in regular route ($/kmy)

=  Reinforcement

B2 = ¥ ¥ (fo(x)-fwr(x)) 'DBU-AADTXi- (DLo*VOCio~DLw-VOCiw)

X i
where, B2 :+  Benefit from Reinforcement ($)
fwr(x) : Probability for a bridge to be unusable in year x afier reinforce-

ment

» Recoustruction

B3 = % £ (fo(x)-fwc(x)) DBU'AADTXi- (DLo-VOCio~DLW " VOCiw)

x 1
where, B3 :  Benefit from reconstruction (§)
fwe(x) : Probability for a bridge to be unusable in year x after reconstruc-

tion
» Widening

B4 = % £ (AADTxi- (BL+200)/1000 (VOCio-VOCiw})
" x i
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where, B4 . Benefit from widening ($)
BL Length of bridge (m)

= Cost Saving in Maintenance

BS = ¥ (BL'BW UCC:Pm)
i
where, B5 : Benefit from cost saving in maintenance (3)
BW : Width of bridge (m}

UCC : Unit cost of bridge construction ($/m2)
Pm  : Rate of annual maintenance cost against to initial construction

cost (0.01)
Iﬁput data for benefit calculations are shown in Appendix-S1 for traffic volume
and in Appendix-S2 for dimensions, rehabilitation methods and estimated costs of

bridges. Appendix-S4 shows examples of benefit calculation for 4 bndges of different
type in addition to the calculation examples of economic evaluation.

15.5  Economic Evaluation
15.5.1 Parameters of Economic Evaluation
Economic evaluation quantifies cost and benefit and assesses both in comparison. This
is usually called "Benefit Cost Analysis”. In this analysis, the following three parameters are
generally used for decision making and for determining priority: :
1) Benefit Cost Ratio (BCR)
This ratio is calculated by dividing benefit by cost in terms of net present value:
BCR = ( & Bt/(1+1)5)y/( 5 ct/(1+1) ®)
t t
where, Bt : Benefitin yeart
Ct : Costin yeart
i © Discount rate
This quantifies the magnitude of net present benefit per net present cost.

ii) Net Present Value (NPV)

Unlike benefit cost ratio, this quantifies the magmtude of net present beneﬁt less
net present cost.
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NPV = ( = Bt/(1+1)%) - ( 5 cr(1+i) by
. t t

iii} Internal Rate of Return (IRR)
“This rate is defined to be a discount rate or an interest rate where net present
value of the project becomes zero. In other words, this is the highest interest rate that

makes the project economically feasible.

when z (Bt—Ct)/(1+i)t =0

This "i" is called "Internal Rate of Return",
15.5.2 Discount Rate and Project Life
. Discount rate is a parameter to calculate net present value of benefit and cost and is
aiso a criterion fo judge project feasibility by comparing it with the internal rate of return of
the project. It is, in general, a ratio between present value of goods and future value of the
same goods after one year; value of a goods obtained i in the future should be less than the

value of the same goods readily available at present.

In 1984, the Economic Planning Unit proposed a discount rate of 13 % per annum.
Due, however, to the recently achieved economic development, a discount rate of 11 % per
annum was taken in this study.

The project life over which economic evaluation is carried out was determined at 20
years starting from 1994, due to the following reasens:

1) Life of _bridge materials replaceable or repairable including deck slab that directly
receives vehicle load is considered to be about 20 years.

iy  In the calculation using discount rate, the values becomes negligible in compari-
son with the possible errors included in the accumulated cost after 20 years.

i) Accuracy of the traffic forecast is considered to be no more than 20 years.

15.5.3 Economic _Evaluation Results

" Caleulation examples are shown in Appendix-S4. The results of the benefit cost analy-
sis for the 203 brides to be rehabilitated are as follows:
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(1) Entire Project
The flow of cost and benefit of the project as a whole is shown in Table 15-5.

Table 15-5 Flow of Total Cost and Benefit S
(Unit: 1,000M$)

L Cost Flow Berefit - -
Project Maintend Cost Protection. .Reinforcement & Reconstructicn Wideni-ngMeiu_tenaBeqefit
Cost | Cost Flow cars small vamed. lorchvy. lorr buses W eycle - [(withoutl Flow
1994 | 46, 519 046,519 0. 0 0 0 0! i i 564 | - 564
1995 0 0 0 3.766 ! 3,434 2,837 2,082 2,022 738 3 508 [ 15, 388
1998 0 1] O] 4,583 4,144 3,400 2,852 2,452 - 89% i 458 1 18, 495
1997 0 4] Of 5,300: 4,766 3,885: 2 961 2.824: ‘1,040 1 A12 1 21,196
(1998 0 0 0| 59097 57299 4,293\ 3,311 38,137 1,161 6| 371123,488
1999 0f 1,469 : 1,469 ] 6,411} 5741 4,624 3,602 3,304 1,263 6 335 | 28,3713
2000 0: 0 0.6, 171 55531 4,440 3 470 3.258 % 1,716 5 301 | 24, 414
2001 0: G 5902¢ 5337 4,238 3,323 8, 108i 1 164 ) 272 1 23, 348
2002 0 0 0| 5608; 5087 4,021 39,163 ¢ 2,947 1,107 § 245 | 22, 193
2003 0 0 0 5 294: 4,838 3,793 2,993 2,776 1,045 4 220 | 20, 965
2004 0! "BI2 872 | 4,966 4,563 3,556 2,815 2,599 980 4] 199196837
2805 0 ] L0 4,627 4, 277% 3,818 2,632 2,418 913 4 179 ] 18, 362
2008 [ 0 01 4,282 3,983 3,087F 2 445 2,234 844 3 161 ; 17,020
2007 G ] 0§ 3,935! 3,685 2,821 2.258% 2 051 174 3 145§ 15,673
2008 0: 0 0| 3.591% 3,887: 2,578 2,071: 1,869 05 3 131 (14,334
2008 N 517 517} 3,262! 3,091 2,840 1,886 1,601: 637 3 118 | 13,018 |
2010 0 0 0] 2,922 2,801 2108 1,706 1,818 371 2 106 | 11,735
2011 [ 4 0] 2,604; 2,619¢ 1,885 1,532 1,352 507 2 96_] 10, 497
2012 0 0 0]-2300% 22,2487 1,672} 1,865 1,194 446 2 861 9,312
2013 0 4] 0 2,012: 1,988 : 1,470 1,205 1 0441 389 2 78| 8,188
46,519 | 2,859 | 49, 377 ; 83, 428 | 76, 753 i 60,341 47,311 43,887 16, 401 80 | 4,984 1338, 245
94. 2% 9.84 100, Oﬁ 25.0%  23.0% 18.1% 14.2% 13.72% 4, 9% 0. 0% 153 100, 04
NPV = 333 245 - 49,377 = 283,868 (x M$l1000}
BCR = 333, 245 / 48,377 = §.15 o
IRR = 57.84 %

As a whole, most of the benefit is derived from the reduction of the duration of
bridge unservice. The benefit is large enough as compared to the cost w_ith a benefit
cost ratio of 6.75 and an internal rate of return of 58 %. Hence, the project is consid-

ered to be feasible as a whole.
(2) Individual Bridge

The result of economic evaluations for individual bridges is shown in Table
15-6. Appendix-S3 also shows the same result according to the value order of internal

rate of return,

The internal rate of return exceeds 11 % for 197 bridges out of 203. For the
remaining 6 bridges, it was also observed that the benefit grew by retarding rehabilita-
tion for 5 years and that the internal rate of return was improved; 3 bridges became
feasible with an internal rate of return of more than 11 % and other 3 bridges gained an
internal rate of return of at least 6 %.

The project is considered to be carried out for all the bridges iﬁcluding the
above 6 for the following reasons:
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Téble 15-6 Result of Econoinic Evaluation for Individual Bridges (1)

Year Bridge 'CARRIAGE  Detour RouBqui Rehabilitati Economic GROWTH L6-Hrs NPY BCR 2R 18R
Yo Key  State DistrictBuilt. Length WAY S.F. Da Db Apge RCWDREPR  Cost RATE TRAFFIC . (18947 {1999)
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Table 15-6 Result of Economic Evaluation for Individual Bridges (2)

Year Bridge CARRIAGE Detour Rﬁquui Rehabilitat! Economic GROWﬁ! [6~Hrs _NPY 1ICR iRR IRR
Ko, Key - State DigtrictBuilt Length ¥AY S.F. Da Db Aze RC WD RF PR Cost RATE TRAFFIC (1994) (1399}
(&) {m) (Xm} (Xm) (Y 3] : :

3. 521980

4.114; 481
387,976

....332, 092

54,7847 4.4
(76,172 ¢
‘258, 078

4,113, 491

" jo2380

31 902440
T 904330
]

iz ATe
0.

5162080 )
5102250 PILAN 1960
$102380 © N. SembiX. PILAK 12
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Table 15-6 Result of Economic Evaluation for Individual Bridges (3)

. Year Bridge CARRIAGE Detour RouEqui Rehabilitati Beonomie GROWTH 15-Hirs NPV BCR 1RR IRR
Ho. Xay State DistrictBuilt Length WAY S.F. Da Db Age RC WD RE PR Cost RATE TRAFFIC (1994)  (1999)
: . (» (m} (Km) (Km) {M5) (%)

83,83 816 N
18,4961 2.2 6,8] 335,215 ;

218,017
112, 493

. JLR PERA: 1
BTG_PADA 1950
BIG PADA 1550
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2,087, 401
3,118,197 3
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{03 e i 100 i Ln e o fa T e n
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i) The entire project is considered to be fully justified because 97 % bridges are
feasible for rehabilitation in 1994 and 99 % in 1999,

i) For the 3 bridges with an IRR of less than 11 % for rehabilitation in 1999,
intangible benefits not included in the calculation in this study can be added due
to the service level and reliability of nation-wide road network 1mpr0ved by the

proposed rehabilitation.

Figure 15-6 shows the distribution of IRR as classified into 4 categories by

“bridge. In general, the IRRs on the same routes are similar over a 100 kilometer sec-

tion, presumably due to the same bridge type, structural condition, maintenance: hlstory.
and similar traffic volume and detour route condition.

In this connection, .if the implementation program is form’uiate_d only taking into
account the values of IRR, bridge rehabilitation works will be concentrated on the same
route. Hence, the following adverse effects will arise consequently.,

i) | Traffic flows in and around a particular route will be largely hindered.
ii) Work capacity of local contractors available wiil be exceeded;

iiiy  JKR State and District engineers who manage and supervise the pr()Ject may be
in shortage.

(3) By State

Economic evaluation results were compiled by State as shown in Table 15-7.
Figure 15-7 presents IRR with project cost by State. The IRR by state ranges between
26 and 99 %, indicating that the project packaged by State is also feasible. The reason
for the highest IRR of 99 % in the Perak State is the lack of detour route in case the
federal road No.59 becomes impassable. The Pahang State also has a high IRR at 82
% due to the low density of arterial roads. For the Trengganu State, the lowest IRR at
26 % can be attributed to 2 bridges that need reconsiruction and large-scale rehabﬂxta—
tion of 10 % and 20 % respectively of the project cost.

The project cost by State is 35 % for Trengganu, 15.% for Pahang, 12 % for
Perak and Johore. The Perlis State shares only 0.1 %.

When the implementation program is made only based on the priority by State
thus determined, a number of problems as described above might occur considering the
large difference in IRR and project cost by State. This might also cause a problem in
budget allocation system which needs to be stable and constant by State.
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Figure 15-7 IRR and Project Cost by State
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Table 15-7 IRR and Project Cost by State

STATE HPY BCR IRR PROJECT COST
dohor 44,324,310 8.4 72.90 ¥ 6,827,790
Kedah. 7,246,862 6.0 | 57.01 % 1,671,516
Kelanten 6,375,410 3.6 | 36.43 % 2,882,385
Melaka | 5,663,845 5.1 | .9 % 1,625,577
N.Sembilan' | 22,787,010 5.9 | 53.01 % 5,429,610
Pahang 75,086,380 | 11.4 | 81.50 % 8,437,400
Perak 75,822,980 | 13.7 | ®9.27 % 7,076,861
Perlis 148,106 3.9 | 43.69 % 57,705
Selangor 21,033,490 7.5 | 7243 % 3,765,783
Terengganu 25,379,130 ‘2.5 25.67 % 20,373,640

TOTAL 283,867,600 6.7 | 57.84 % | 58,148,267
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15.5.4 Sensitivity Analysis

“In this study, available traffic data and standardized project cost estimate of respective
bridges were adopted considering the enormous number of bridges totalling 203 bridges.
This simplification, however, might mislead the conclusion due to over or underestimate of

traffic volume and cost. Therefore, these values were intentionally changed and their influ-
ence was checked in order to test the stability of the project feasibility. This is called "sensi-
tivity analysis” in general.

The cases of this sensitivity analysis were selected by changing traffic volume and cost
as follows:

1)  Costincrease by 15 %

2) - Cost decrease by 15 %
3) Traffic volume increase by 15 %
4) Traffic volume decrease by 15 %

5 Cost increase by 15 % and traffic volume decrease by 15 %

The result is summarized in Table 15-8. The following can be pointed out:
- Cost decrease improves IRR more rather than traffic volume increase.
- Traffic volume decrease w’ofsens IRR more rather than cost increase.

- With a cost increase of 15 % and a traffic volume decrease of 15 %, the IRR reduces
to a considerable extent 76 % of the initial value. This implies that the bridges of an
IRR of less than 14.5 % might not be regarded feasible in the worst case. The
number of corresponding bridges, however, is 12, still showing a high feasibility as a
whole.

15.5.8 Conclus_ion

The following is concluded as a result of economic evaluation for the 203 bridges. (13
bridges were excluded from the 216 bridges).

D | Implementation of the _projéct' for the 203 bridges is well justified because 97 %
' of bridges are feasible for rehabilitation in 1994 and 99 % in 1999,

~2) 6 individual bridges have an IRR less than 11 % for rehabilitation in 1994,
Due, however, to possible intangible benefits including to keep entity of the
road network, these bridges have been incorporated in the proposed project.
Moreover, the IRR of these bridges can be easily improved by retarding rehabil-

itation work,
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3

If an impl&men%ation program is formulated by route or by State automatically,
only based on the calculated IRR or other parameters, some problems including
work concentration can be anticipated as described below. These problems should
be avoided by careful arrangement of the program.

o Traffic flows in and around a particular route will be largely hindered.

o  Work capacity of local contractors could be exceeded.

-0 JKR State and District local engineers who manage and supervise the work may
be in shorfage.
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CHAPTER 16

REHABILITATION PROGRAM

16.1 General

It was concluded based on the economic evaluation carried out in Chapter ‘15, that all
the study bridges are techmcally and economlcally viable and the implementation of a bridge
rehabilitation project covering all the bridges shall be carried out within the earliest time
according to the Government policy as emphasized in "Sixth Malaysia Plan 1991-1995".
However, all the study bridges totaling 203 numbers are extensively scattered over the whole
Peninsular and the extent of rehabilitation work required for each bridge also varies widely
from only snnple protection work as part of the structural rehabilitation to total bridge re-
placement or combined nature consisting of structural, functional and hydraulic rehabilitation
works. :

Accordingly, in order for the project implementation to be materialized effectively and
smoothly, this Chapter presents the implementation schedule with a basic framework for the
programming, the funding schedule, the further engineering design and the project manage-
ment and organization.

16.2 Framework for Programing

- Prior to establishment of the imple'm.entation schedule, basic frameworks for the pro-
gramming such as the implementation period and the project packaging are elaborated below.

| 16.2.1 I‘m.p.lement'ation Period |

 In general, the implementation period of a project which is technically and economical-
ly feasible will be determined based on the period of preparatory works such as detailed
engineering design, tendering activity, land acquisition and the physical construction period.
Furthermore contractors’ capability, the number of qualified contractors available and
government’s financial arrangement capability to allocate the required pI'O_}eCt funds shall be
taken into account.

Among the above elements, the critical elements to decide the implementation period in
- this project are mainly the Government financial arrangement capability and technical aspects
that are gradually increasing the risk of loss of structural safety and traffic hazards on the

study bridges.
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From the financial viewpoint, it is a fact that the Government has allocated M$5,577.6
million for federal roads and bridges development in the "Sixth Malaysia Plan" covering five
years from 1991 to 1995. On the other hand, the total project cost™ amounts to M$58 mil-
lion, which is equivalent to about 1.0% of the development funds allocated in the *Sixth
Malaysia Plan", assuming five year implementation period. Therefore, it is conclusive that
the Govemment presumably has enough capability to allocate the required project funds.

The annual expenditure on bridge maintenance and rehabilitation in Japan is about
4.5% of the total roads and bridges development funds, Therefore, one twelfth® of the 4.5%
in Japan is equlvalent to 0.38%, as compared to the similar funding required for'the bridge
maintenance and rehabilitation in Malaysia of 1.0%. In comparison between 1.0% in Malay-
sia and 0.38% in Japan, it can be said that the 1.0% is & remarkably high value taking into
account the differences of the present development levels and total number of bridges in these
two countries, Nevertheless, the 1,0% is likely to be an acceptable level considering the
accumulative maintenance and rehabilitation bills resulted from almost no practical mainte-
nance and rehabilitation works being undertaken since the bridges were built in Malaysia.

From the technical viewpoint, the study bridges were rated as 3, 4 or SSAL in NALS
which indicates the necessity or the urgency of rehabilitation work and the Study resulis also
revealed that some of the study bridges have been critically deteriorated/damaged and most of
them have suffered various advanced defects. Accordingly it is strongly recommended that
immediate rehabilitation work is required to ehmlnate loss of traffic safety and to decrease
risk of bridge failure,

Consequently, it is recommended that five years is suitable as an implementation period
mainly from the Government’s financial arrangement capability and the technical aspects.

16.2.2 Packagi:1g

With respect to the enormous number of the bridges totaling 203 bridges covered in the
Study, it is essential to divide them into five packages taking into consideration the five year
implementation period. For the packaging, the economic evaluation results pinpointed var-
ious adverse effects if the packaging was done on a road link basis or on a state basis. Those
effects are unbalanced budget distribution, causing hindrance of smooth traffic flow, a possi-
bility of shortage of the government management staff on the project, exceeding available
contractors’ capability in terms of work volumes and decreasing effectiveness of technology
transfer from the federal level to the state and the district levels.

Note :(1) The project covers one twelfih of total number of the federal bridges in Malaysia.
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Consequently, the following concepts which overcome the above effects are taken into
account in the packaging; _

- Priority of each brldge implementation is basically deternnned by the corresponding
economtc mdex of IRR.

- In a package, the bridge arrangement within a certain stretch or area shall not be
concentrated in order to prevent any hindrance of the present smooth traffic flow, to
overload certain contractors and to overcome the shortage of Government staff for
management and superwsmn

- It is essential to transfer the maintenance and rehabilitation technology from the
federal JKR to the state and district JKRs in the project lmplementatlon to enhance
the JKR engmeers and technlclans capability as well as to train a sufficient number
of staff. In the transfer of technology, the Study Team believes that continuous
training. is more effective to ensure the final result than the concentrated type.
Therefore, in order to create the project participation opportunity in every project
year, the project bridges within a State or District shall be allocated equally in terms
of number of bridges throughout the five year implementation period. :

Based on the above concepts the 203 brldges are divided into five packages and a
summary of each package is shown in Table 16-1 together with the overall economic index of
each package. A list of the bridges and the location map of each package are attached in
Table 16-2 to 16-6 and Figure 16-1 to 16-5 respectively.

Table 16-1 Summary of Each Package

Package Mo.No's of 8ridges|Total Project Cost{Overall Ecenomic Index

(H$) IRR BCR

I 64 10,480,400 94.9% ' 12.03

| &6 11,306,579 7.7 -10.0%

I 37 13,998,253 45.3% 5.14

v 29 11,508,034 38,74 413

v 27 10,855,002 28.6% 2.82

TOTAL 5 203 58,148,268 57.8% 6.75

16 -3



Table 16-2 List of Bridges Under Package I
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Table 16-3 List of Bridges Under Package Il
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Table 16-4 List of Bridges Under Package I
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P. D@cxsou 1650 a0s| 1 308} spa o 106,834 5,68
JEMPUL 1050 0%t 1 os4| sBa .. 502,730 2742
I PILAH 1950 X atal sBa . 72,574 2589
K. PILAH 1950 413 1 74| 58D + 99211 24,70
K PHAH 1960 as] 481] s88 . 70,758 2212}
K PHAH 56 a4l 574) PCS . 74,520 20.38
JELEBU [ 85| t B3| $64 * . 132,968 223,383 18.34
ROMPIN 1574 o) 9 297.32] PeB <*2 . 1,411,962 297,139 71.49 - 2,471,139
BTG PADANG ] 1850 g3l 1 a53]  sBC 3 1,848 122,725 31049 1,458,730
BIG PADANG ~ {1060 21| 1 Bzii S8 * 240 84,460 310,18
BRGPADANG 5 1950 ags| ¢ 3.58] SBC . 23,220 39.010 27227
HULUFERAK 11650 az| 1 3.23) - 688 - ’ 49558 100,004 BETX
Iamrem 1950 asr| -} 67| s28 D 0,017 116,04, 3516
HLAPERAK 1950 sm| 1 Sea]  sep - . wal 158,200, 2.4
i wamcsen [ 1920 FE s geal + o7.871 113,697 850
KINTA 1970 18] 2 aezf mox * 29827 501,093 24.48
LAWASELAMA | 1580 o] 7.01] PRCB [ 10,584 17,748 24.30
imvm 1830 aral 1 478 _sEC ’ * 140,286 233,860/ 18.85 -
KSELAMNGOR | 1998 [ Y 2004]  PCS ' o2, 500 1,158,768 53.77 1,148,785
W MAMAN 1963 15.22§ 10 13220 Ped . . 668,494 1,423,070 33,08 522,410
BEBUT __ ° 1980 aoi]_ 3 63| PRB ’ 98,131 181,500 2344 '
KEMAMAY | 1963 B} 18 21933/ peB cra] + 2,338,600 3,827,640 20.04
Geand Totst B3a7.204] 13,009,253 13,068,253

Note : <*|

<*2
<*3

RC Means Recvmstioction (Total Repheesment)

WD Means Wikening Carrizgeway of Addmg Sidowalk

RF Means Reinforcement Work

PR Mears Protection Work

This bridge is vonstrucied conlimnsly over 3 two year period.
“Fhis bridge is comsiructed continuously ovet u throe year peried.
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[ Figure 16-3 Location Map of Bridges Under Package
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Table 16-5  List of Bridges Under Package IV
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Figure 16-4  Location Map of Bridges Under Package TV
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Year [ Mal [ Ho | Badge | Type fehablitaton Dirsot | Froject Tolal Amaunk
No. May Ghala Distriot Bultt &pan ol Length of Plans <4} Lost Cosk iFR ul Each
| . {ra) | Bpens {r} Beidge | NC WD |RF | PR %) (143) ) Btata (M§) i
67) 00506870 | Johor PONTAH ish [ soef 3 sy w . 201,909 339,350 15,75 1,297,301
71| 00512960 | Johor BATU PAMHAT | 1965 a3 3022 hep v 600,759 841,275 20.91
120] 005040 | dohor SEAAMAT ' | 1850 . [ 12.28]  4E8 . 69,445 116,668 27.89
25[ 00181980 | Kedsh KOTABETAR | 1850 488 1 61| mes * 2223] . agsit 2538 R
26| oo1es210’ | Kedah KOTASETAR. | 1940 223 1 323 sEa v 28587 64IsT 24799
07| 00700800 | Kecah ROTABETAR | 1084 w40l 1 18.40| pca D . 131,527 220,955 1810
63| 00355030 | Katantan P PUTEH 1952 | sqil 5 . PRE . 569,969 557,548 T10.50 7,58
T g2| 00521710 _| Melska WMELAKATGH | 1880 1072 0 10.72| BcB - + 150,009 318,350 27.08 318,350]
[ “210] oosoieas | w BGEPEMBAN 1550 XS R ars| sy O 44,200 T4 412 43883 1,025,500
207| 00601000 | N.Gembian | BEFEMAAN 190 | ws| 1 ve2|  £BO : o7AB|
163] 05304330 | NGembinn _ |SEREMBAN - | 1940 670 §.70] 58 NS 91,583
%0 ) | NBamtikn [P, DICKSON 1870 oz 8 5224 mce « 155,200
1521 09102000 | H.Sembikin ¥, PILAY 195 379 379 SBB . 42514
150]_ 03102380 | HEsmidien | PILATE 1060 a2l ¢t 32(] s8B O 39,574
150] 00002630 | WEemblun | K. PILAK 1850 310] ¢ 310] seB . 81,929 !
133f ooe070i0 | M JELEBY 1830 mas| 1 s38] sug . T saeme o
33-2 | 00017000 | Pehang . BOMPIN “io74 w7 9 7.3 PeB 2| | D 641,651 1,071,974 3149 1,526,075
190} 08408260 | Pahang SERANTUT 1530 450] 4 40| S8R - . 109,272 181,807 29.36.
47} 00323070 { Pahang PEKAN- - | ip58 1042] - 3 31.28]  PCB - 108,230 8y, Z9.17
6i| 00337240 § Pareng KUANTAN 1957 X 658| PCS - 50,651 85,110 19t
170} 05001070 | Perak BIGPADANG [ 1950 | 4] 1 4.71]. s8C - 41341 2,453 194,30 1,420,920
177[ 0oetee20 | Parak BTGPADANG | 1650 877 1 87|  &8C . 86,156 111,148 17823 '
171 05901480 | Petak |BTGPRDAKRG | 1950 195] 2 300]_ s8C B 85,228 144,655/ 17047
206 0780460 | Persk HULUPERAK . | 850 | 635] 1 835|588 . O 2| e 29.42
199| 07061790 | Pwak HLRPERAK | i970 148 3 36 . 125,255 210,428 24.11
18] 00181140 | Perek KINTA =) 977 2 19.41|  ses . . 402,558 876,314 20.89
157|_05204870 | Ewlangor U LANGAT 1064 1824] 3 ss50] SO . 177,069 208,820 98 T 70e,199
[ 133 ofeopdso | Selanger U.LANGAT 1555 [T 1241] Res 1 33,110 25,628 40.13
93| 09526970 | Batangor K. LANGAT 1880 230] 1 20| __Box (B 27.7% 45,500 ]
85| 05403370 | Belangor | PETALING 1960 3.05] 1 2.05]  BOX . 152,838 307,168 5.23|
-2 OOA3E580 | Teranggure KEMARMAN 1985 28.03 18 21813 FCA <*3 b 2.238,000 3,927,840 2001 3,927, B30
I 29| Bridges : : Geand Yol SB[ 11508683 11,500,004
Note : <% RC Means Reconstruciion (Totel Replecement)
WD) Means Widening Casriagensy or Adding Sidewalk
RF Means Reinforcement Work
PR Means Protection Work
<32 This bridge is constructed continuously over 8 two year pecicd.
<*) This bridee is consteucted continucusly over 8 thioe year period.



Table 16-6  List of Bridges Under Packagé A

B Year Max, Ko Bikdga Typy Rehabiltation . Dirsst | Praject . Tetal Amtount
Ro, Kay Efata Diztrict Buylit 'Gpnn of Length .of Plaga <?) | . Cost Cost [i3:2 ofEmch
: ()| Spena| () Badge |RC lwp [RF 1PA (M%) (M3} i) State (M)
9] DOSOTELD | Joher PoNTRE ] 196 1208 8 aml T + 42,079, 514,553 3528 1,351,801
85| _ooaoseno | Johor K TiNGal 1840 a8l 2 9.19] WS . . 101,419 170,364 2488
) D000 | Johor KTNGGE - 1553 o 3 o225 FCS b 148,830 246,874 22.89
141 ] _oaceaTo | fohor SEOQAMAT 5850 s8] 7 720| FCS . . ... Toum 119,077 . 2067
1. 70| 00519660 | Johr AATU PAHAY igs0 19428 - 2 24| RO bl 143,434 241,003 10.87
1eal 00700780 | Kadeh KOTASETAR _ | to70 isaaf 1 1338] Res . TN Y 1604 22,567
123) 0008100 | Kelantan . |MacHang | s 4487 2 B72| #CS = . : 230,655] 400,657 1881 40857
- ral oompro0 | Melaks JASIN 1961 48] 1 488]  prs : * 75,408 178602] . . 23.63 259,424
6qa; Cot23e) | Melaks MELAKA TGH 1680 7% =2 (13.46] PRB bl 013 Y42 1a.62 .
[ __15a] 06500470 | N.Sembil P. ICHEDN 19%0 ©a8[ 1 938) sea . 1450 92,518 267 1,118,412
_E@j QOMGI420 [N I K PHAH - 1850 LX) 1 a4 Les * AR 150,380 14.06] T
179F OOWR2A) | NSenbiln K PILAH 1840 48] 0 an 888 - - | 62 951 139,374 13.29,
2147 BGTS | N Ssmbion JELEBY 1550 495 2 _ B2 8BA . * 295595 497,272 10.53)
| 153] 08102870 | NSeodsinn K FILAH 1560 s21) & a2t] se8s_ g . &1 470 138,870/ 9.%
118]  OOEONO0D | Pahang -JPAUB 1852 547 2 10.64 568 - 162,985 256,813 27.60 1,402,187
19t] 0640440 | Paheng JERANTUT 1900 s21| 1 “e2t! =88 * 103,288 173,487 .78
<g] on2mIo | Paheng PE¥AN 1983 sea| 4 ‘2382f  PRB v 184,087 273,803 17.69
31 000 | Pateng EUANTAM 1863 11.08 1 11.08 (45,23 . C * 153,080 288182 18.74F
5] _ o Pebang KUANTAN 1935 1200 3 6.0 ACB . . 280,787 A28.072 ~ 500 :
178] 050031H0 | Pemk BTA PADANG 1850 10.698 3 2318 §8C * 251,883 423,183 184.70 1452792
__ G| 05omaMy | Pecek BTG PADANG 1950 497 1 4.27] 588 * -85, 140, 109,435, 39.18
201 QDI8E2HD | Pesek WIHTA s B.O% 2 isig; SBB. . * o 2582281 230,420 2083
S0CL 0R002480 | Parak BTG PADANG 1850 3.8 1 a83| SBB b 17,39 128,260 . a7
199 QIBQODGD | Ferak AANIUNG 1200 LX) 1 aed| RCS * L 81,964 104,133 17.50
104 0055680 | Parsk MANJURG 1872 14.07, 3 3.9 1N * 122,109 o 205278 1509
164] DO | Perak LAME SELAMA 1950 120, 4 2714 SBG - | 26,805 S50.343 12.4%
%3] 00503890 | Selengor BEFANG 1990 w0l 5 s3] Rca . 50,830 o0.6% 7.8 az0,002 |
523 | O0eiEsE) | Terenggeny KEMAMAH i9eS 280y 18 219.13| PCB 542 . 2,300 IRT 8O 20.04 3,927,840
27| ridgas Gransd Tolal B 484,310 10,555,002 8 * 10,663,602
Neta ¢ <¥| RC Mean Becomstniction (Total Rephiocment)
W Means Widening Carrlagewsy or Adding Sidewslk
RF Mears Reinforcement Work
PR Mrans Protection Work
<¥} msbrﬂgcbmmﬁnim&mn}ymulhmgwpcdod.
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Figure 16-5 Location Map of Bridges Under Package V
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16.3

Implementation Schedule

In principle, it is assumed that construction including tendenng of each package shall

be conpleted within one Malaysian fiscal year (which is from J anuary Ist to December 31)
because the project funds will be financed by the Government of Malaysia.

Main work items for the scheduling are detailed engineering design, tendering activities

and construction. The outline and required time duration of each item are described herei-
nunder:

The detailed design which should be carried out one year in advance of the construction
involves topographic survey, subsoil survey, structural survey, structural assessment,
cost estimate and preparation of tenider documents. It will take about six months to

“complete the design of each pa(:kage.

The tendermg activities including prebid conference, tender evaluation, and negotiation
with the contractor shall commence on the first week of January of each fiscal year and
will take four months to complete

The construction of each package shall commence on the first week of April and be

~ completed by the end of December in principle. Out of 203 study bridges, only two

bridges, with construction period of more than 24 months, will be implemented for two
consecutive years.

Assuming commencement of the package I in 1994 the project will be completed by

the end of 1998. The overall 1mplementat10n schedule is depicted in Figure 16-6.

Figure 16-6 Ilhpleme_ntati{_m Schedule
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16.4 Funding Schedule

The total project cost, as estimated in Chapter 14, is 58.148 million Malaysian Ringgit
at December 1991 price level. In light of the implementation schedule, the pm_]ect fund:ng
schedule of each year is shown in Table 16-7. :

Table 16-7 Project Funding Schedule

Amount for Each Year (Million M$) Grand

Classification - -4 Total
1993 | 1994 | 1995 | 1996 1997 | 1998

Construction Cost - | 8.138| 8.833]10.936] 8.991| 8.480| 45.428

Engingering|Detailed Design | 0.678} 0.3437 1.075| 0.305 8.335 0.0] 2.726

Cost  |Supervision _ | 0.328] 0.353| 0.437| 0.360] 0.339| 1.817
Administration - 0.246 0.265 0.328 D;ZTQ 0.254] 1.363
Contingency 1= | r.228) 1.325) 1,640 1.349 1.272| 6.8% P
Grand Total 0.678{10.33311,85113.646|11.295(10.345| 58.148

Note : Price level of those amounts is based on December, 1991,

16.5 Further Engineering Design

Prior to commencement of the tendering and construction of :e'a(-:‘h péci{agé ‘detailed
engineering design of each bridge must be carried out by the Bridge Unit in Federai JKR. The
detailed design covers the following items; .

» Topographic Survey
- Topographic survey at bndge snte
- River cross section survey
= Subsoil Investigation
- Mechanical boring at proposed pier and abutment sites
- Field test and sampling
- Laboratory test
- Existing pile length measurement (if required)
» River Hydrological Survey
- Field inspection from hydraulic viewpoint
- "~ Hydrological analysis
s Detailed Structural Survey
- Structural details measurement
Structural dimension survey
Crack/corrosion mapping survey
Concrete cover, rebar size and spacing survey
Steel thickness measurement

16 - 10



- Material strength measurement
- e Concrete strength
& Structural steel strength
» Reinforcement bar strength
- Measurement of material deterioration degree
¢ Carbonation test
e Chioride test
e Sulphate test
.~ o Rebar corrosion test
= Bridge function survey
C- Full scale bridge loading test (if required)
a Detalied Rehabilitation Design
- Establishment of design criteria
- Structural assessment of bridges
- Detailed rehabilitation design
- Prepara_ticn of drawings
.=, Estimate of work quantities
- Construction planning
=  Cost Estimate _
-~ Unil price analysis
- Cost estimate of each project bridge
= - Preparation of Tender Documents
- Instructions to tenderers
- Form of contract _
- General condition of contract
-~ Technical specification
-l Bill of quantities
- Tender drawings

16.6 Project Management and Organization

JKR is the technologlcal arm of the Government and serves as the implementing agency
for carrying out infrastructure projects in the whole country. JKR is divided into three levels
of management and orgamzatmn structure that consist of the Federal ‘State and District levels.

The Roads Branch out of 15 Branches in the Federal JKR is respon51ble for planning,
conSt’ructlon and maintenance of the federal roads and br1dges and development schemes as
well as formulating roads standards, policies and advising the State JKRs on matters pertaining
to the state roads. The Bridge Unit under the Roads Branch is responsible for establishing
design standard and carrying out the design, construction and rehabilitation of the federal

bridges.

16 - 11



The Federal JKR has 13 State JKR offices located in respective States which are re-
sponsible for the planning, implementation and maintenance of the state development projects
as well as administration and monitoring the federal projects carried out in the State. - Under
the State JKRs, there are 72 District Offices on the Peninsular. Each of these is under a Dis-
trict Engineer who is responsible to the State Director for implementation and maintenance of
projects in that District.

Under such situation, the Bridge Unit is the executing agency for the implementation of
the project. The responsibilities of the agency are to carry-out the detailed rehabilitation
design and tendering activities. While the State JKR and the District JKR is responsible for
construction management and monitoring of the project and the direct construction supervision

respectively.

Schematic-interrelati_onship between those agencies is depicted in Figure 16-7 which
indicates the direction of flow and responsibility and function of the agencies concerned.

Figure 16-7 Schematic Interrelationship between the Agencies
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In principle, the project shall be executed on a contract basis by contractors selected
through competitive biding. Therefore the Government must organize a construction supervi-
sion team(s) to manage and supervise the contractors’ field works but the size of the staff of
the organization depends on the number of bridges to be rehabilitated, their location and scale
of the respective rehabilitation works. For reference purpose, a typical organization is shown
in Figure 16-8, assuming it is required to manage and supervise a subproject covering about
15 to 20 bridges at a time.

Figure 16-8 Typical Organization for Construction Supervision

Secuon Chief Ll
/Bﬂdge Unit of Bndge Management
I Specialist Group Project Mam\ger
Administration Group
E Resident Engmeer i — Secretary
\Bndge Eugmch — Accountant
— Typist

Material E‘ng‘meer Chief Inspector

: Staff belonging to Federal Level.

a : Staff belonging 1o State Level.

7" : 5uaif belonging to District Level.

L] : Responsibility is to oversee the project for nation-wide
" and only ene project manager regardless of number of subprojects.
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