* Finally, the effect of the composite action in SBC is suspicious and thus from conser-
vative viewpoint it is recommended that this effect is neglected in the assessment of
SBC type bridge, i.c. stecl beams of SBC are considered as a nof-composite beams,
Under such conditions, it can be said that this type of beam in SBC has a reserved
vesidual loading capacity of at least 20 % in terms of the design stress as shown by

stress ratio (A/C) in Table 10-2.
) Main Beam of RCB

Table 10-4 is a comparison table in terms of stress and deflection between
empirically measured and theoretically calculated.

Fable 1¢-4 Comparison of Test Result Value and Calculﬁted Value (Main Beam of RCB)

Loading Case-1 Loadin’g: Case-2
Heasurement Point Unit Test | Caiculation | Ratio Test | Calculation Rét_in
Results Results - A/B  |Results Results AlB
A B : A B

Stress of Main Rebar| H/m| 13.70 17.40 0.79 | 17.00 25.10 0.68

Girder-2 -
peflection mm 0.70 (.88 ¢.80 0.95 1.26 - 0.75
Stress of Main Rebar] N/mn*| 11.10 14.60 0.76 | 22.30 28.60 ‘| 0.78
Girder-3 - - . -
Deflection o .58 0.73 0.79 1.13 1.46 0.78

* Variation of both stress ratio and deflection ratio in each loading case as well as in each
girder are very minimal. Thus it can be concluded that both of the test results and the
calculation results are reliable. Moreover, othoiropic plate theory by Y.Guyon &-
C.Massonnet applied in lateral load distribution is likely to be suitable to theoretically
analysis of the existing bridges. : :

*  Stress ratio (A/B) of the main rebar and deflection ratio (A/B) of the main beam-in both
loading cases are between 0.68 and (.79. The reason for this phenomenon i.e. miti-
gating the working stress is likely to be caused by the considerable effect of secondary
rebars installed, some contribution of concrete tension strength and the composite
action of the asphalt surface layer. Accordingly, this type of beams in RCB, if properly
constructed, has reserved residual loading capacity of about 20 % in terms of the
design stress. '

(¢) Deck Slabs of SBC and RCB

Table 10-5 below shows the comparison in terms of stress and deflection
between empirically measured and theoretically calculated.
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Table 10-5 Comparison of Test Result Value and Caleulated Value (Deck Slab)

$8C RCB
Messurement Point Uh’._t Test | Calculation | Ratio Test | Calculation | Ratio
' Results Results A/B  (Results Results A/B
. . A B A B .
e - - A 2 — 1
Main Rebar H/mn® [ 19,40 24,90 0.78 | 17.40 18.90 0.92
_ Stress : - 5 ‘
Distr. Rebar Mfmm~|  5.30 46.00 0.12 5.10 27.90 0.18
Deflection o | 0.23 0.18 1.28 | 0.05 - 0.09 0.56

Stresses in the main rebar obtained by the test results are relatively close to those by the
 theoretical calculation result, while differences in the distribution rebar stresses are

remarkable. This difference could be derived from nonconformity between support
~ conditions in the theoretical calculation and in the actual behaviour,

However, the absoluté_. value of deflection both by the test results and by the calcuiation
results is too small to assess the deflection ratio. Thus it is difficult to derive a defini-
tive finding from this result.

. The working stress of the main rebar due to the loaded wheel 1oad of 7 ton is only 19.4
N/sq.mm in SBC or 17.4 N/sq.mm in RCB, which is equivalent to about 12 to 14 % of
- the allowable stress, _

Thus it could be concluded that the concrete deck slabs ‘in RCB and SBC have enough
durability even though stress due to dead load is added and design wheel load of 10 ton
is applied.

(2)  Bridge No.G0319110 (PCB and PCB)
{a) Main Bgam of Center Span

Table 10-6 is a'corhparisgn table in terms of stress and deflection between
empirically measure and theoretically calculated.

¢ _Deﬂectmn ratio (measurement result/calculation .result) of 0.93 to 1.17 indicates that
both of the test results and the calculation results are reliable including structural theory
and assumptions applied in the calculation.
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Table 10-6 Comparison of Test Result Values and Caiculated Values (Main Beam)

——

Loading Gage — 1 Loading Case = 2 toading Cags — @
Measursment Unit Tast Calculation | Ratie [ Teat .| Calculation | Hatio Tost Calculation | Ratia
Paint Results Resulte T Resulte 'ﬂe.ault_s_ Results |: . Results

. | A B a8 | A B nNB | A 8_ | am |
Upper | Nfmm®| -0.20 —og0| -~ ~0.50 ~to0| - —0.70 -130| -
% Swess | Migdle | NfmmZ| 1.0 osol - | 1o 0| 230 “1.80 ;j
% Lower | Nymm®] .80 230) o078 330 _atol esal  ao0 5200  081]
Deflection i a6 4p8| 147 843 780 104 1068 ' 1053} 1.0

upper | Nimm#| -0.10 -0 - | -o20 180 - “—_o.éo ~210] -
& | swoss | Migdle | wmm2| o020 o0} - ool 10| - 0.40 trol - |
% lower | NjmmZ2] 180 240f 05| 320 sz20). orsl aso 5.40 '9134
L Qatlection mm 418 " 4.49| 083] 790 8.63] o092| 1086 1168 E

* Stress distribution diagram for each beam under consideration is depicted in Figure 10-
6 and Figure 10-7. The diagrams show the measurement stress at each point linearly
changing in proportion to the distance from the neutral axis, except stress at middie
web of G-2. It seems like the gauge at this measurement point could not work properly
due to improper bonding or coating. It is however consistent that the test result is rela-
tively reliable and the calculation method is suitable.

Furthermore, the relation diagram between the bending moment due to the truck load
in each case and the corresponding induced bending stress at lower flange is also de-
picted in Figure 10-8.

Figure 10-6 Stress Distribution Diagram, Main Beam (G-1) of PCB Center Span
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Figure 10-7 Stress Distribution Diagram, Main Beam (G-2) of PCB Center Span
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Figure 10-8 Relation Diégram between Bending Moment and Stress
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* Above diagram indicates that the bending moment and the stress are entirely in propor-
tion. Therefore, it can be concluded that the beams are working as an elastic body and
the prestressing force is still working effectively.

* Ag seen in Table 10-6, stress ratio in G-1 and in G-2 is 0.81 and 0,72 respectively.
The reason for this phenomenon, i.e.mitigating the working stress, is likely to be
caused by additional rigidity of the beam due to the effect of load distribution and
composite action by.asphait surface layer, side walk concrete, etc. These effects may
not have been considered in the original design.
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* Accordingly, this type of beam in PCB, if properly constructed, has reserved residyal
loading capacity of about 20% in terms of the design stress.

(b) Main Beam of Side Span

Comparison in terms of stress and deflection between empirically measured and
theoretically calculated is tabulated in Table 10-7,

Table 10-7 Comparison of Test Result Value and Calculated Values (Main Beam, G)

Loading Case - 1 Loading Case - 2 Loading Case - 3
Heasurement -
Point |Unit Test |Celeculation|Ratio] Test {Calculation{Ratio|  Test [CalculationiRatic
Results| Results A/B |Results| Resuits A/8 iResults| Results A/B
A B A B A B
upper [/mmf| 0.00 | -0.20 | - | 00| -0.20 | - | 100]| -030 | -
Stress [Middle H/mm 0.50 0.70 - 0.90 1.18 - 1.00 1.50 -
Lower N/rnm2 1.10 1.60 0.69] 1.70 2.40 0.71] 2.70- 3.40 0.79
peflection | mm | 0.69 0.67 | 1.03] 1.00 0.95 1.05f 1.70 1.48 1.15

* PDeflection rétio of 1.03 to 1.15 indicates that both of the test results and the calculation

results are reliable including structural theory and assumptions applied in the calcula-
tion,

% Stress distribution diagram of Girder-1 (G-1) is depicted in Figure 10-9. The diagram
shows the measurement stress at each point linearly changing in proportion to the
distance from the neuiral axis. This fact double-ensures reliability of both results,

Figure 10-9 Stress Distribution Diagram, Main Beam (G-1) of PCB Side Span

UNIT + H/mm?
_ -0 =14 =21
L ,
! : 3l
_~0.:2flo.0) -0.2 4 €04}
~ogfflesy _ ayflees
/ o
arfflon zafl jun
LOADIHG CASE-1 CASE-2 CASE-3

.M. 403.04N.m B.M.7 575.TKH. m B.M. = B2Z.BKN.m

STRESS DISTRIBUTION ON THE TEST RESULT.
——-- STRESS DISTRIGUTION ON THE CALCULATION RESULT.

8.H. NMEANS BEHOING MOMENT
FIGURE 1M { ) SHOWS STRESS OM THE TEST RESULTS.

S GAUGE

10- 18




# Purthermore, the refation diagram between the bending moment due to the truck load
in each case and the induced bending stress at lower flange is also depicted in Figure
10-10. .

Figure 10-10 Bending Moment and Stress Relation Diagram
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* Above diagram indicates that the bending moment and the stress are entirely in propor-
tion. Therefore, it can be concluded that the beams are working as an elastic body and
the prestressing force is still effectively working.

* As seen in Table 10-7 above, stress ratio of G-1 is 0.79. The reason for this phenome-
non, i.e. mitigating the working stress, is likely to be caused by the additional rigidity
of the beam due to the effect of load distribution and composite action by asphaltic
surface layer, side walk concrete, etc. These effects may not have been considered in
the original design.

* ACcordingly, this type of beam in RCB, if properly constructed , has reserved residual
leading capacity of about 20 % in terms of the design stress.

(¢  Deck Slab of Side Span

Table 10-8 is a comparison table in terms of stress and deflection between
empirically measured and theoretically calculated.

Table 10-8 Comparison of Test Result Value and Calculated Value (Deck Slab)

Loading Case - 1 Loading Case - 2
" :Meastirement Point Uhit |- Test | calculation | Ratio | Test | Calculation | Ratio
. Results Results A/B  [Results Results A/B
LA B - X A " B
: s B Main Rebar - ' 'H/ma 12,40 26.30 0,47 | 12.40 31.90 0.3%
tress e - - i - :

7 | pistr. Rebar | N/mm"| 15.10 55.40 | 0.27 | 22.00 83,50 0.26
Deflection mn ] 1.02 1.22° 0.84 1.57 1.93 0.8
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* PDeflection obtained by the test results is relatively close to that by the calculation re-

sults in both loading cases. This means the assumptions and method applied in the
analysis likely meet the actual deck slab behavior.

Each stress ratio of main rebar and distribution rebar is considerably small and is less
than 0.5, This mitigating working stress is likely to be caused by the effects of built-up
slabs composing of deck slab and thick asphalt surface layer, and of wheel load distri-
bution through a thick asphalt layer. These effects increase the rigidity of the deck slab

more than that in the design. :

The working stress of the main rebar due to the loaded wheel load of 7 ton is only 12
N/sq.mm which is equivalent to less than 15 % of the allowable stress. Thus it could be
concluded that the concrete deck slabs in PCB have enough durability even stress due to
dead load is added and design load of 10 ton is applied.

(3)  Bridge No. 00834850 (RCS)

Comparison in terms of stress and deflection between empirically measured and
theoretically calculated is tabulated in Tabie 10-9. :

Table 10-9 Comparison of Test Result and Calculated Value (Main Slab)

Loading Case — 1 Loading Case -2
Measurement Unit Test Calculation | Calculation | Test Calculation
Point Resuits Results Results - Ratio .Results Results [ Ratio
() @ - 1 - A1)

A - B _ C AB AIC A 8B . AB
" Main Rebar !N/sq.mm 820 12,80 050 064] 088{ 1070 265.20(  0.42

8 | stess | Oistr, Rebar |Nfsqmm) _ 060 25.20 410 - - -0,60 4650 -
Daflection mm 0.29 0.22 o.24| 132 121 048] . 043] 108
9 Main Rebar [Njsqmmj  4.30 4.00 5201 1.08] 082 540 B8O o74

® ! Swess | Dist. Rabar |Nfsgqmm| —140 5.80 ool - - ~1,.60 ao0| -

* It is clear based from the test results that stress in the distribution rebar due to Case-1

Loading is similar to that due to Case-2 Loading, but the main rebar’s stress of 8.2N
/sq.mm.and deflection of 0.29mm due to Case-1 Loading increase to 10.7N/sq.mm and
0.46 respectively under Case-2 Loading. From this fact, a construction joint longitudi-
nally provided along the center line has no distribution rebar installed but it has 2
connector which iransferrs shear force only. '

Based on above finding, an alternative calculation was made based on a model in which
the slab is longitudinally separated, hence it is more severe than the actual structural
condition. The results were presented in calculation (2) in Table 10-9. From these
results, the measured stresses of the main rebar at each measurement point become
close to that of the same point obtained by the alternative calculation.
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* Concrete elastic modulus of 2.5 x 10E + 5 kgf/sq.mm which was obtained from labo-
ratory test results of the concrete core was applied in the calculation of deflection due
‘to both loading cases. The result shows that the values by the test are slightly higher
than those by the calculation results. The reason is likely to be due to non-uniform or
low quality of the concrete which was observed to have large scale hongycomb in
many places on the slab soffit.

* Finally, stress ratio of the mai11 r'ebar,' 0.82 to 0.88 could give the inherent residual
loading capacity of at Jeast 10 % of the design stress in this type of RCS bridge, result-
ing from effect of built up slab action.

10.4.2 Assessment of Dynamic Measurement Results

H Dyhamic Tests under Existing Traffic during Peak Hour

Table 10-10 presents a summary of the measurement results during a peak hour
period of consecutive three hours, The detailed data consisting of traffic count data,
fluctuation diagram of the stress and histogram of the stress during the period are at-
tached in Appendix-M.

Table 10-10 Dynamic Test Resulis in terms of Working Stress under Existing Trafiic
'(Unit : N/sq.mm)

: 'H'eaggggf?ent ) S%gglc Dynamic Test
<] Minimum Haximum Average S.D

oa |UPPr Flange| -6.4 [-10.39 (1.62) 0.7 -1.63 | 157
Lower Flange| 15.8 | -4.7% +29.97 (1.903] +1.22 | 5.140

o |leper Flange 3.2 | 7.60 (238)] 0.2 .13 | 1316 |
Lower Flange] 12.64 | -1.97 ' |+23.38 (2,28)] +3.52 | 4.688
R | G-2 [Main Rebar | 13.7 | -2.72 +27.41 (2.00)) +1.22 | 4.506
E 6-3 |Main Rebar 1.1 | -2.2 +25.71 2,30 +1.30 | 4,110

Notes: * £ Gross weight of the dump truck applied in the Static test is 17.45 tons and the results is under loading case 1.
¥ §.D. means standard deviation.
» Figure in () shows ratio of dynamic test value and static test value

* Thf_s Iﬁ_os_t-d_ominant w'orking _stfess: of upper and lower flanges is -2.55 N/sq.mm and
+2.57 N/sq.mm respectively in SBC, while +2.57 N/sq.mm is the most dominant
stress in RCB dunng the period as indicated in the histogram attached in Appendix-M.

* The maximum workmg stress due to the exlstmg traffic is +30.0 N/sq.mm in SBC or
27.4 N/sq.mm in RCB. These stresses are almost 2. 28 to 2.31 times as large as the
stress by the static test at the same measurement point. If impact stress is neglected, it
is presumed that a vehicle with gross weight of about 40 ton passed on the bridge
during the test period, :
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* The maximum working stress due to the 40 ton vehicle is equivalent to only 40 % of
stress due to design live load (HA Load) in SBC, and 57% in RCB.

*  Accordingly, the existing bridges have enough durability to live load derived from the
existing traffic at this specific location. o

() Dynawic Test under kinown Lead at Different Running Speeds

Table 10-11 shows a summary of the measurement results at different running
speed. A fluctuation diagram in terms of the stress drawn by a pen recorder 13 aftached
in Appendix-M.

Table 10-11 Dynamic Test Results in terms of Wor kmg Stress at leferent Running Speeds
(Unit : N/sq.mm)

Measurement static Test <1 Running Speed

Point {Loading Case-13! 10 km/h 20 kmsh 1. 30 km/h | 50 ka/h
Upper Flange ~6.,40 -4.10 -3.50_’ . -3.20. -4.00

1 %2 [Tower Flange 15.80 13.20 12.40 | +12.00 10.60
e | gg [Per Flange| -3.20 -1.90 -1.90 +1,20 | -3.00
Lower Ftange 12,40 9.40 | - 9.60 +7.00 11.80

R | G-2 |Nain Rebar 13.70 12.30 | 12.60 | +11.40 | 9.70 |
g G-3 {Main Rebar 11.10 ©.50 9.70 +65.40 10,40

Note : <1 TFhe test result is under Joading case-1

* In general, impact stress due to live load is related to the smoothness of the surface and
running speed of a vehicle. It is, however, difficult to derive such a relation from the
test results tabulated above. The reason for the above discordance is likely to be due
to the wheel position under static test not coinciding with the wheel locus under the
dynamic test.

10.4.3 Application of Test Results to Rehabilitation Design

It can be said that most of the study bndges were designed in accordance with HA
Loading in BS 153, while LTAL Loading, which is the present JKR live load Standard
applicable to the federal bridge, is almost 20 to 30 % higher than HA Loading in terms of
sectional forces. ‘Thus it is obvious that most of the stresses due fo LTAL loading exceed the
allowable stress applied in the original design, if LTAL is simply applled in the strucmral
assessment without special consideration.

On the other hand, as proven by the assessment of the load test results, each bridge

tested has some reserved residual loading capacity « ‘of a certain percentage against maximunt
design stress resulting from bridge behavior difference between in design and in actual, i.e.
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mitigating actual working stress due to several effects such as composite action, built up ac-
tion, lateral load distribution action and so on.

To this end, this reserved residual loading capacity (RRLC) could cover excess stress
within a certain extent. Furthermore, it could be assumed from structural viewpoint that the
same type of bridge has almost the same RRLC value if the bridge had been properly con-
structed without any major construction and demgn deficiencies. Therefore, the following
reserved: loading capacity will be cons1dered to the corresponding type of bridge in the as-
sessment of 20 bridges

Bridge Type  Member  Reserved Residual Loading Capacity(%)

SBC Main Beam 20 %
RCB Main Beam 20 %
PCB Main Beam 20 %
RCS Main Slab 10 %

‘In the preliminary rehabilitation dcszgn, each of the 20 bridges will be theoretically
assessed by applying an appropriate loading with due consuieratlon of the reserved residual
loading capacity to determine whethier a bridge member has adequate load carrying capacity.
This result will be used as one of the criteria to determine a broad rehabilitation plan. i.e.
whether minor work including protection work or strengthening work mcludmg replacement
is required if a bndge member has inadequate load carrying capacity.

: Foiiowmg the above broad classiﬁcaﬁon of rehabilitation plans, the most suitabie
rehabilitation plan will be selected based on type, degree and extent of a damage detected as
- well as the cause of the damage, and cost comparison of several alternatives including type of

material to be applied.
Conceptual flow of selecting a rehabilitation plan is illustrated in Figure 10-11.

Figure 10—_11 Conceptual Fiow of Application of Test Results in Selection of
Rehabilitation Plan
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CHAPTER 11
DETERMINATION OF APPLICABLE LIVE LOAD

1.1 General

The Study bridges were known to have been built or designed using the prevalent Brit-
ish Standard of the time the bridge was built. Therefore the bridges in the study were classi-
fied into several age groups which could indicate different service load even without consides-
ing any material deterioration, On the other hand, in 1990 JKR introduced and enforced a new
bridge Ioadmg standard based on the recommendation made by NALS. :

_ Asse_ssment and determination of five loads to be applied in the Study were carried out
through thorough examination of historical transition of live loads in Malaysia, linking the
transition of British Standard to the present JKR live load standard. For this purpose, a com-
parative study in terms of sectional forces due to the several design live loads applied and the
present JKR live load was carried out to reveal the extent of differences in sectional forces at
various span }engths

11.2 Hlstorxcal Background of Bridge Loadmg in U.K.

_ Due to the historical linkage of Malayma and United ngdom, most of the bridges in
Malaysia have been designed to British Standard. It is, therefore, worhtywhile to understand
the brief history of the development of Standard Loading of Highway Bridges in UK which has
a direct link to the deSIgn loading applied to most of the bridges covered in the Study. Most
bridges built in UK in early 19th century were designed using various ‘loadings to meet the
requirements of various local authorities. After the First World War, there was a necessity to
build highways to carry reasonably heavy loads such as ‘those which were required by the
British Armed Forces for the passage of its mechanical transport equipment. As a result, the
Ministry of Transport (MOT) was formed immediately after the War and subsequently pro-
duced its first Bridge Loading Standard Train in 1922, Tn 1923 the British Standard Institution
introduced the first Standard Spectﬁcatlon for Steel Girder Bridges, BS 133 with similar live
load specified as in 1922 MO’I‘ loading. :

In 1932, MOT revised the Standard Loading with introduction of equivalent loading
curve i,e. an Bquivalent Uniformly Distributed Load (EUDL) in conjunction with Kaife Edge
Load (KEL) which is designated as HA load and it was derived from the previously applied
standard loading train. :
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In 1954 BS 153 was again revised following Mr. ‘Henderson’s work in which mtensuy
of the EUDL at 2-6 meter span length was increased considering the effect of the actual traffic
and HB loading which is a hypothetical 4 axle vehicle with each axle weighting 25 to 45 top
was newly introduced to cater the passage of abnormal vehicles. This new loadmg code of
practice allows 25% overstress on dead and live load when checkmg the effect of HB Ioadmg

In 1978 new bridge Ioadmg and a design standard known as BS 5400 (1978) was intro-
duced to incorporate the application of ultimate limit state design philosophy. The new code
also introduces variable spacing between bogies in HB loading and changes i in HA loading
intensity i.e. reduced intensity for span length less than 30m and increased intensity for spaus
of more than 30 m. Another significant chanige was no allowance for the 25 % overstress,

In 1984 the Department of Transport introduced BD 21/84 which is to be used specifi-
cally for the assessment of highway bridges and structures in UK, The mgmﬁcant ‘difference
between the loading applied in this standard and those introduced earlier are higher intensity of
HA loading for especially short span bridges and deletion of abnormal loading code in BD
21/84. o

11.3 Historical Trans:tlon of Design Live Load Apphcatlﬁn in Malays:a E }

Most of the bridges in Malaysia have been designed to the British Standard, in gencral
However, there is a time lag between the establishment of the UK Standard and its application
in Malaysia and slight modification of the Standard for its application in order to meet Malay-
sian local conditions. Thus the purpose of this section is to examine the historical transition of
design live loads application in Malaysia which will give the Study Team a general idea con-
ceriiing the assessment of load carrying capacity of the study bridges.

Even though there is no record available with regard 10 bridge loading application for
the bridges built before 1942 in Malaysia, it could be assumed that most of the bridges in that
era was designed in the United Kingdom partlcularly steel bndges since steel manufacturer
markmgs were embossed on the steel beams.

It is widely known that the brzdges after 1942 were designed in accordance thh HA
loading in the BS 153 Part 3A with reference to the relevant MOT Memoranda, while HB
loading was not introduced in Malaysia until 1972. After 1975 it was certain that the bridges
were universally designed to HB loading with the condition it crosses the bndge at a very slow
speed and guided along the centerhne of the bridge deck.
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- Although BS 5400 was first published in the UK in 1978, JKR formulated its applica-
rion in early 1980’s by requiring only the consultant executing JKR projects, while JKR
Engineers still continue to design bridges by using BS 153, In consequence of these non-
uniform live load application, there are 2 types of bridges in the national network i.e. bridges
designed in house by JKR were designed with HA load and check with HB guided following
1S 153 Standard while bridges designed by consultants were designed with HB unguided
loading following BS 5400 Standard. Therefore there is a need for JKR to formulate a stand-
ard national bridge loading specification.

11.4 Present Live Load Stanﬁa:_'d in Mélaysia

" Taking into consideration of the above mentioned circumstance and in response to the
recommendation in the NALS Phase-I, JKR formed a commiitee called "Bridge Loading
Committee” in the Bridge Unit o review the NALS recommendations with respect to a new
loading curve to be applied for future bridge design and assessmént in Malaysia and to formu-
late a new national bridge loading standard. Finally the Committee introduced the JKR bridge
loading standard in 1990 as outlined hereunder; :

(1) Classification of Roads and Loading Requirement
" For the purpose of bridge design, roads have been divided into 3 classes, namcly Class

LII, and 111, depending on the significance, traffic volume, etc. The following table
shows the definition of road classification and corresponding loading requirements.

Class of Road Classification of Road Loading Requirement
' Federal Roads LTAL or

20 units SV Controlled or

7 units SV Uncontrofled

L i | State Roads [ MTAL
il Other Roads : Appropriate Loading
' Subject to Approval

(2) LTAL & SV LOAD .

“The Long Term Axle Load (LTAL) consisting of a Uniformly Distributed Load
(UDL) as indicated in Figure 11-1 in association with a Knife Edge Load (KEL)(100 KN
per notional lane width) is intended to simulate the actual normal vehicle configuration
and loading in the future. It was derived based on the loading model used in the
derivation of BD 21/84 loading curve with slight modification. SV (Special Vehicle)
load is an abnormal vehicle unit loading and consists of a tractor and a multi-axle trail-
er as depicted in Figure 11-2 with maximum total weight of 430 ton in case of 20
(guided) units (one unit of SV is taken as 1 ton per trailer axle spacing at 1.5 m).
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Figure 11-1 Loading Curve for LTAL UL
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(3) MTAL LOAD

The Medium Term Axle Load (MTAL) consists of a. Uniformiy Distributed
Load(UDL) as shown in Figure 11-3 and a Knife Edge Load (KEL), 100 KN per
notional lane, combined or a single wheel load. The MTAL-UDL loading curve was
derived from the combined effects in terms of bending moment and shear from BS 153
HA load and 45 units HB loading guided. Therefore the MTAL load is almost the
same as the loading previously applied by JKR as described above.

Figure 11-3 Loading Curve for MTAL UDL
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11.5 Determination of Live Load to be Applied

Asa summary of the above, the bridge design live loads applied or to be applied in Malaysia
are broadly divided = into HA, MTAL ( which is almost equivalent to HB guided), L.TAL and
gV loading. On the other hand, all the 216 study bridges are classified into 3 age groups which
are 34 nos (15.7%) built before 1945 using most probably Standard Train Loading, 180 nos
(83.3%) built between 1946 to 1974 using HA loading and 2 nos (0.9%) built after 1975 using
HB guided loading.

As such, comparison of sectional forces due to past design loads and present design
loads at various span lengths will form a basis for determination of the applicable:live load in

the Study.
11.5.1 Typical Bridge Configuration

Considering two different type loadings consisting of uniform loading and wheel loading and
varied application of lane width, typical carriageway width and span distribution of the study
bridges were firstly assessed to obtain a representative or a typical bridge configuration in the
Study for comparison of sectional forces under the same condition. '

Span_distribution of all the study bridges as shown in Figure 11-4 revealed that the
average span length of the bridges is 8.07 m while 86% of the bridges are with span length
less than 12 m and the maximum and minimum span length is 45.78 m and 1.80 m respective-
ly. Thus the comparison of bending moment and shear force was carried out to cover a bridge

span length up to 50 m.

- Figure 11-4 Distribution Diagram of Span Length
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Distribution diagram of the carriageway width of the study bridges is also depicted in
Figure 11-5, It revealed that the average carriageway width in all the study bridges is 7.05
m. Therefore the comparison of bending moment and shear force was conducted based on 3
bridge with carriageway width of 7.05 m without considering lateral load distributicn.

Figure 11-5 Distribution Diagram of Carringeway Width
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11.5.2 Comparison of Sectional Forces due to Live Load

Bending moment at midspas and shear force at support for bridges with span lengths
varying from 2 m to 50 m were calculated using different live loads i.e. HA, MTAL (Equiva-
lent to HB guided), LTAL and 20 Unit SV loading. Figure 11-6 and 11-7 show percentage
difference in bending moment and shear force compared to HA loading respectively.

Figure 11-6 Percentage Difference in B.M. Compared to HA '
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Figure 11-7 Percentage Difference in Shear Compared to HA
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The bending moment due to SV Load at span length longes than 40.0m is almost
double that due to HA Load. Similarly with shear force effect where shear force is caused by
SV load is about double that due to HA for a bridge span longer than 35 m. Thus a compara-
tive study on bendmg moment and shear force due to 20 Unit SV Loading and HA Loading
indicates the Study bridges with span longer than approximately 7m will not be able to carry

the SV lpad.

The bending moment and shear force due to MTAL and LTAL are slightly higher than
that due to HA for all span ranges on average. The percentage difference in bending moment
and shear due to MTAL compared to HA varies from 0.1% to 26.1% which is relatively
small, while the perccntage d1fference due to LTAL compared to HA also varies from 3.3% to

35.3%.

Based on the abova study, it is obvious that apphcatxon of 20 SV load has fo be dis-
carded due to unviability of this application for the purpose of the Study as most of the bridges
will have to be replaced or strengthened if 20 Unit $V load is applied in the study. On the
other hand, it is not conclusive to apply LTAL or MTAL in the Study since the percentage
difference on span ranges between 5.5m to 13m & 39 m to 50m is more than 20% which is
relatively high and quite considerable. Thus further assessment was carried out before the

final selection of applicable live load is made.
11.5.3 Comparison of Sectional Forces due to Total Load

Definitive selectmn of applicable live loads for the Study could not be derived only
from simple comparison of the sectional forces due to live loads as described above. Fur-
thermore it is a fact that working stress in steel bridges is c0n51derably affected by live load
whlle conversely in concrete bridges.
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In general the magnitude of the contribution in live loads depends on the weighted ratio

of dead load against total load, thus comparison of sectional forces due to total loads for every

typical type of study bridge has to be carried out. In this way, a clear difference in sectional

forces due to LTAL or MTAL compared to HA could be obtained hence the determination of

applicable live loads. The typical bridges considered are SBB of span range from 5m (o 15m,

SBC from Sm to 15m, RCB from 5m to 15m, RCS from Sm'to 15m, IT from 10m to 20m and
PCB from 25m to 50m having a fixed carriageway width of 7.05m.

Percentage difference in bending moment and shear force due to total loads consisting
of dead load and LTAL or MTAL compared to HA for various bridge types is depicted in
Figure 11-8 and 11-9 respectively. '

Figure 11-8 % Difference in Sectional Forces due to Dead
Load and MTAL Compared to HA
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As shown in Figure 11-8, each of the percentage differences in case of MTAL is within
20% and the maximum percentage difference is 19.89% in SBB with span length of 6m.

- While in case of LTAL as shown in Figure 11-9, the maximum percentage difference is
96.92% in SBB with span length of 6m and the bridges of which the percentage difference
excecding 20% are SBB, SBC,RCB and RCS having span length between about 6m and 9m,
These bridges amount to about 28% of all the study bridges.

In this regard, the percentage difference within 20% could be covered by the reserved
residual loading capacity of each member as proven in the full scale loading test.  While some
of the bridges of which the percentage difference exceeds 20% up to a maximum of 26, 3%
could have LTAL load carrying capacity if effects of the lateral load distribution and the re-
served residual loading capacify are considered. Some of those could be rehabilitated by
applying standard strengthening methods.

11.5.4 Conclusion

Based on the above assessment results, it is concluded that LTAL shall be applied as
the live load standard in this Study with due consideration of the following aspects:

- LTAL is the present JKR live load standard applicable to the federal bridges.

- _The' average percentage difference between LTAL and MTAL is only 7%.

- The percentage difference within 20% could be covered by the reserved residual
loading capacity as proven in the loading test.

- The bridges of which the percentage difference in sectional force due to LTAL
compared to HA exceeding 20% are only 28% of all the study bridges. Some of
these could have LTAL leading capacity if effects of the lateral load distribution
and the reserved residual loading capacity is considered or could be rehabilitated
by applying standard strengthening methods.
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CHAPTER 12
PRELIMINARY REHABILITATION DESIGN

12.1 General

The purposes of preliminary rehabilitation design covering the 20 bndges including 3
special bndges are to assess the bridges using LTAL Joading, to prepare standard rehabilitation
desxgn_ to carry out an alternative study for possible major work and to estimate the work
quantities of each bridge. The preliminary design was carried out based on the output from
the preceding detailed structural survey, bridge loading test as well as determination of ap-
plicabie live load.

The design flow is depicted in Figure 12-1 which also shows the interrelationship of
above work items.

Figure 12-1 Flow Chart of Preliminary Design
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12.2  Establishment of Assessment Criteria

The structural assessment criteria to be applied in the Study is in principle based oy
JKR Design Practice except where the specification is not clear then the Bridge Design Speci.
fication in Japan is applied. The assessment criteria covers the following aspects of design:

- Geometric design standard

- Bridge width

- Bridge loading

- Material and allowable stress
- Assessment method applied
- Superstructure design

- Substructure design

- Applicable design standard

This section presents an abstract of the above iterns and the details are enclosed in

Appendix-N.

1)

)

Note:

3

Geometric Design Standard

The geometric design standard applied is in accordance with the JKR
"ARAHAN TEKNIK (JALAN) 8/86".

Bridge Width

Bridge width of RS appiied is in accordance with Article 5.11 of JKR
"ARAHAN TEKNIK (JALAN) 8/86".

This clause is only apphcable to a bridge which has functional rehabilitation
works such as widening carriageway, adding sidewalk or total replacement

Free Board

The free board requirement is not clearly stated in JKR Brxdge Demgn Manual,
thus the recommendation given in River Design Standard in Japan is adopted
after some modifications were made considering Malaysian river conditions.
For this study the bridge soffit shall be designed in accordance with the free
board requirement as tabulated below.
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(5

Free Board for Bridge Over River

Eree Board - : Applicable River
0.5m - Small river, design flood is less than
500m?/sec
- 1.0m - Medium river; design flood is between
500 and 2000mYsec -
1.5m Large river, design flood is more than
2000m*/sec
" Bridge Loading

For preliminary design the load to be considered shall be as follows:
. Dead loads : :

. Live loads (LTAL loading)

. Pedestrian load (sidewalk loading)

. Tractive/braking force

. Force due to earth pressure

Above desigﬁ criteria are basically in accordance with the JKR Bridge' Design
‘Manual and Standard Specification for Bridge Loading.

- Assessment Method Applied

The assessment of the existing bridges and the design of rehabilitation work

- jointed directly to the existing bridges shall be carried out in accordance with

elastic design method (allowable stress design method), while for adding a
sidewalk which is not attached to the existing bridge or a new bridge for total
replacement, the design shall be carried out using limit state 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 varia-
tion is very wide)
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Thus, it is sate to apply elastic design method for the assessment and rehabilitg.
tion work. Contrarily, quality of material and accuracy of design for an inde-
pendent structure can be controlled properly within a very low .tolerance.
Accordingly, it is rational to apply limit state design methods only for an inde.
pendent structure which will not be attached to the existing bridge.

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

BS 5400 shall apply.

©) Material and Allowable Stress
- Allowable stress design

Allowable stress for reinforced concrete design shall be as specified in
BE 1/73 and for steel shall be as specified in BS 153 (i) Part 3B.

- Limit state desigh

The design strength of materials for limit state shall be as
specified in BS 5400. Nominal yield stress for steel shall comply with
BS 4360. ' .

(7)  Applicable Design Standard

In deriving the assessment criteria, the JKR Bridge Design Manual was re-
ferred. In addition, reference was also made to Specification for Highway
Bridges published by Japan Road Association and BS 153, BE 1/73, BS 5400
Part 1, 2,3 and 4. ' '

12,3 Assessment of the Bridges
12.3.1 General

In selecting a suitable rehabilitation plan, it is essential to diagnose all
defects in terms of material deterioration, load carrying capacity, bridge function and hydraulic
adequacy together with the corresponding cause of the defect so that the rehabilitation plan is
selected which will effectively rectify the cause of the defects. '

To this end, all of the 20 bridges for the detailed structural survey have been assessed
from hydraulic viewpoints in Chapter 8 and from material deterioration and bridge functional
viewpoints in Chapter 9. Therefore, in this section, the remaining item, the analytic assess-
ment of 20 bridges from load carrying capacity viewpoint is mainly carried out to identify
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which main bridge members is inadequate or adequate to carry LTAL loading based on the
assessment criteria established in the previous section. '

Subsequently, all the defects together with respective causes from the above four
viewpoints are summarized in the final part of this section, which will assist in selecting the
most suitable rehabilitation plan,

12.3.2 Analytic Assessment of 20 Bridges

The main purpose of this analytic assessment is to diagnose the LTAL'carrying capacity
of each bridge’s main structural member based on the survey results such as the detailed struc-
tural survey and the loading test.

(1) Method of Assessment

The assessments were carried out based on the available structural data taken from the
detailed structural survey results which consist of structural details such as dimensions details
i.e. size of various members, size and numbers of rebars and the spacing, and material
properties comprising of strength and elastic modulus.

It has been proven by the load test results that the bridge members have inherent resid-
ual loading capacity resulting from bridge behavior difference between in design and in actual.
This capacity mitigates the theoretically calculated working stress to a lower value. Thus this
mitigating factor was applied in the assessment where the comparison of the allowable stress
with the working stress was made by deducting the latter by a certain percentage depending on
the type of structure outlined as follows; |

- Steel Beam and R.C. Bridge

In the assessment of steel beams, the maximum working stress theoretically calculated
due to the most severe LTAL loading including dead load is compared with the allowa-
ble stress of the structural steel. If the working stress after reduction of 20 % which is
applied as inherent residual loading capacity value of steel beam is within the allowable
stress, then the steel beams are considered adequate.

‘The same method described above was also applied in the assessment of R.C. beams
and R.C. slabs. However, the mitigating factor of working stress, 20 % for R.C.
beam and 10 % for main slab were applied.

~ Prestressed Concrete Structures
On all the P.C. beams except Endau bridge (00317000), effective prestressing forces

are unknown. Due to this lack of data, the assessment method applied is by comparison
of the difference between sectional forces (bending moment and shear force) due to the
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assessment total load (LTAL + Dead Load) and those due to the design total load (HA
+ Dead Load). Then if the difference is not more than 20 % which is reserved residy.
al loading capacity of P.C. beam, P.C. beam is considered adequate.

- Substructure

Subsoil profile, pile length data and size of footings are requisite data in the assessment
of substructure. However, due to the lack of these data, the assessment method applied
is also by comparison of the difference between reaction forces due to the assessment
total load and those due to the design total load. If the difference is not more than 20 -
30 % ©, then the substructure is considered adequate.

-{2) Theory Applied
The followings are the main structural theories adopted in the a’sscssment

0 Lateral load distributions for glrder type bridges are based on Y. Guyou and C Masso-

net othortropic plate theory.
¢ For reinforced concrete slab bndges the finite isoltropic sunply supported plate theory

is applied.
0  For deck slab analysis the infinite isotropic simply supported piate theory is apphed

(3) Results of Analytlc Assessment

Summary of the analytic assessment for 20 bridges is tabulated in Table 12- 1 and the_
result for each bridge is attached in Appendix-Q. .

Note : ]
(1) Normally the substructure is designed with safety factor of about 3. Therefare 20 30 % increase in load is qmle !nSlgmt‘canl increase

to the total load carrying capacily of the substructure.
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Table 12-1 Summary of Analytic Assessment on Existing Bridges

" aridge Bridge . Ratio (36) <1
e Type Slab ] Baam l Subsbructure . - _Assessment Results -
F"i1a020 | RCB —775 Y +238] e - N
|' 161140 _5$8B +34.2 a8z +12,6| Steol buckle piates and beams have inadegg.jx_t_g capacity. N e
168510 | SBG ~38.8 —437} +7.4 _
RCB - +86.7 - | A.C Beams haves inadequate capacity.
" T2a7200 8BC -28.7 +2.1 +20.4 B
L RCB 27521 - o -
817000 | PCH -28.0 ~20.0 480 . -
I aiett0 | PCB ~6.6 484 . +18.3) Main beams of 2-girder type bridge have inadeduate capacity
: L_R (-84) <4 | |
[T 341800 |  RCB —eo4! . _ss 135 ]
346740 PCB | ~ | Main beams of 2—girder type bridge have inadequate ca_pacity
520850 $BE ~55.3 ~77L 408 _ - ' B
n | 548580 _RCB -4.3 87 +14.3] Main beams have inadequals, cEi:saclty ~
s4sgao fcs +138.7 - +9.4| B.C Slab has Inadequate capacly. .
| pe3ss0 | T - | 124 +0.3] - B
| s67840 | . FRB - ~14.9 1244
| 534880 RCS -24) T~ +7.0) -
5001070 SBB =<3 .+105.8 +7.9] Steel buckle plate and beam have inadequats capacity, N
5803340 $88 - S x - L * +18.81 Stesl buckle plate and beam have inadequate capacity.
| 5008120 SBC +73.9 +0.7 +16.0] Slab has inadequate capacity.
Dambai sBCc - - 46480 . 4345 +12.1} $lab and beams have inadequata capacity.
mrahan $BC +99.9 +24.4 +3.6; Slab and beams have inadequate capacity.
RCE - -12.8 - N
| Tariooo | HReB T 73 ~76] . 08|

Notes : < Percentage increass (+) or decréase {--) against allowable sbress of cﬁesign force.
<2 The aszessment results of Bridge No. 319110 {s utilized to this bridge.
_ <37Ths assessment results of Bridge No. 181140 is utiized o this bridge,
<4 Figure in { ) means the resuk of 4—girder type bridge. '

12.3 3 Assessment of Pile Fallure in Bridge No. 00512960

In the course of t_he study, JKR requested the study team to investigate the cause of the
pile failure on Bridge No. 00512960 and prepare possible remedial work in addition to the 20
bridges for the detailed survey. Accordingly, the assessment was carried out in this subsec-
tion, '

(1) Extent of Damage

This bridge with 30.4m of bridge length is a rigid frame type with a three span contin-
uous R.C. beam (with concrete deck slab) rigidly connected at the support with R.C. piles.
Among seven (7) pﬂes at the abutment, there are two raker piles battered outwards by as much
as 10° from the vertical. It is assumed based on the boring log obtained from JKR that the
pile is driven through silty clay which has a high possibility of consolidation settlement, and
the penetration length is in the range of 30 to 35 meters terminating in silty clay with N-value
of about 40. Lo

AII the plle caps at the abutments have cracks with width ranging from three (3) to
eighteen (18) millimeters and spalhng concrete as its surface. It was found that the two raker
piles’ pilecaps have the most severe damage, while the edge vertical piles were relatively
unaffected.
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(2) Method of Assessment
The analytic model for the assessment is shown in Figure 12-2.

Figure 12-2 An'alytic Model for Assessment
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The loads considered are dead load, live load, load due to thermal effect and lateral soil
pressure caused by soil consolidation settlement of the soft silty clay. The load intensity of the
lateral soil pressure mentioned in the above paragraph were calculated in accordance with the

Highway Bridge Specification published by the Japan Road Association.

(3) Assessment Results

The assessment was made based on the elastic design method and the assessment results

are tabulated in Table 12-2.

Table 12-2 Assessment Resuits of Pile Failure

Sectional Force Working Stress (Nfmm2} A!Iow&_!b[e Slress (Nfmm?2)

" Bending Shear Axial - | Conetete Rebar Concrete " Rebar
Moment (KNm) | Force (kN) | Foree (ki) _ '
Deaci Load 228 104 81.5 2.0 19.0
Live load (HA) 15.1 6.7 93.9 1.4 65|
Temperature Load 437 29.3 7.9 32 . 835 1400
| Lateral Pressure i11.8 69.5 i8.1 8.1 162.9
 Total | 193.4] 1159} 201.4] 148 248.9 1

As indicated in Table 12-2, the working stress induced by dead and live load as well as
by thermal effect is within the allowable stresses, but the total workmg stress caused by all of

the above loads exceeds the yield stress.
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It is therefore concluded that the main cause of the piles’ failure is due to lateral soil
pressure effect caused by soft soil consolidation,

The reason of the raker piles pilecaps suffered the most severe damage is because of
rake where both the vertical settlement and lateral force induced by the consolidating soils has
caused the maximum flexural stress,

(@ Remedial Work

As the soft soil strata will likely. continue to consolidate and settle, it is important that
the abutments be strengthened. It is, however, impractical to strengthen the abutment taking
into account the extent of damage and absent data such as built drawings and boring logs.
Thus it is recommended that new rigid framed abutments be constructed close to the existing
abutments supported by piles of which working load is reduced to take into account the inevi-
table negative skin friction. :

12.3.4 Assessment of Bridges under Speciai Heavy Vehicles (SHV)

In the Steering Committee Meeting held on 13 September 1990, the Study Team was
requested to evaluate the impact of introducing heavy vehicles carrying oversized containers on
2 or 3 of the 20 selected bridges from the loading viewpoint and to look into the differential
costs involved in upgrading these bridges. The assessment was carried out in this sub-section.

(1) Cohfiguration of Special Heavy Vehicles

The special heavy vehicle in this report is actually an over-size container which is
bigger than the International Organisation of Standardisation (ISO) standard container dimen-
sions of 8’6" (2.6m) high x 8’ (2.4m) wide x 40’ (12.2m) long.

The biggest oversized container’s dimensions are 9 6" (2.9m) high x 8’ 6" (2.6m)
wide x 53 (16.154m) long as reported in the Economic and Social Commission for Asia and
the Pacific (ESCAP) study report carried out by the Technical and Managerial Port Assistance
Office based in the Netherlands.

In the assessment of the loading effect, 45’ (13.716m) long oversized container with
maximum gross weight of 33 tons was applied because it will cause more severe effect in
terms of loading and it is dominant in the ASEAN countries.

To carry this reléitively heavy container, it will have to be mounted on a 3-axle trailer

and pulled by a 3-axle tractor. The configuration of the special heavy vehicle is as shown on
Figure 12-3.
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Figure 12-3 6-Axle Articulated Special Heavy Vehicle
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(2) Loading Criteria

Based on the research and traffic studies with respect to effect of the Special Heavy -
Vehicle carried out in Japan, the incidence of two special heavy vehicles passing each other on
a bridge occurs frequently, while the incidence of these vehicles traveling in a convoy is a very
rare exception, - : x

Therefore, the loading application criteria adopted in the assessment is as shown in
Figure 12-4 whereby one unit of the Special Heavy Vehicle in the longitudinal direction and
up to two units in the transverse direction shail be applied and the rest of the loaded length
with HA UDL (BS153) Loading. This criteria is consistent with the code of practice in Japan.

Figure 12-4 Loading Application Criteria

\\;\A N ovsa--sns CONTAINER \\>A \
N\\ OVER-S!ZE. CONTAINER | N\A\\\ |

(3) Selection of Bridges for Loading Assessment

The following bridgés are selected for the assessment out of the 20 bridges in.order to
cover all the representative characteristics in term of span length and bridge type.

Bridge No District / State Type Spali B
00317000 Rompin, Pahang  PCB 30.48m
00341800 Kemaman, Terengganu RCB - 12.10m
05803340 Batang Padang, Perak SBB 5.35m
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(4) Resulis of Assessment

_ The effect due to SHV on the main girder was analyzed, while the effects on the deck
slab were neglected because the localized wheel loads conditions of SHY is less severe than
that of LTAL loading condition.

Results of the assessment by means of comparison with maximum bending moment due
to LTAL loading (including dead load) and that due to SHV loading and dead load is tabulated
in Table 12-3.

Table 12-3 Ass.essment Results of Special Heavy Vehicle Loading

: Maximum Bending Moment
Maximum Bending Moment including impact effect

Bridge induced by LTAL ona induced by Special Ratio
No. Main Girder (KNm) (1) Heavy Vehicle on a Main @)/

: Girder (KNm) (2) |
00317000 2005.0 14647 73 %
00341800  442.8 - 376.9 85 %
05803340 139.5 - 113.2 81 %

Table 12-3 indicates that the special heavy vehicle has not caused significant overstress-
ing in the bridge main girders. ' It should be noted that analysis of the heavy vehicle loading on
bridge No.. 005803340 is based on the rehabilitated bridge, that is after the buckle plate has
been removed and replaced with concrete deck in order to look into the differential cost in-
volved in upgrading those bridges. '

(5 Conclusion

It could be concluded that this Special Heavy Vehicle (SHV), carrying an oversize
container under the loading application criteria established, has induced stresses Iess severe to
the main beams and deck slab of the study bridges than those due to LTAL. Therefore, it is
apparent that there will be no cost increase due to SHV in rehabilitating the study bridges to
LTAL loading. '

~ However, assessment of the impact due to introducing SHV from highway geometric
viewpoints such as vertical clearance and vertical and horizontal alignments and from highway
¢apacity viewpoint are not covered in this report.

In this regard, it is strongly recommended that a further study to assess the impact from
above mentioned viewpoints and also to assess all remaining types of bridge should be carried
out before introducing this type of oversized container.
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12.3.5 Sumunary of Assessment

(1) Summary of Defects

Based on the assessment studies carried out in the previous chapters and sections, all
the types of the defects were divided into four categories consisting of material deterioration,
LTAL loading capacity, bridge function and hydraulic viewpoint, have been identified together
with the corresponding possible cause of the defect. R

12-4.

Table 12-4 Summary of Defects

A summary of all types of the defects detected in the 20 bridges is tabulated in Table

[ Category N Dafect Member Bridge Type
a Water stain Slab Sofft TRTO
Vertical haifline crack PCBeam
L Honeycomb, rebar exposure and spalling Beam Soffit PCB
8 Water Staln and moss Beam Web
™ Water stain Slab Soffit PAB .
[TH] Veitical cracks Baam Weabh
[ Spalling and Flaking Cross Beam
Heneycomb and spalling Deck Slab Soffit RCB
< Lengitudinal cracks and rabar exposurs Beam Soffit
L 9 Spalling and water stain Beam Web
&) — Honeycomb, flaking and wear Stab Sofft RCS
Wi <€ Watsr stain _ Siab Soffit .
a Corrosion, paint detesioration and veter stain Steel Beam SBB
LL. o Corragion, paint deterioration and water stain Buckle Plate
il o Honeycomb and Spaliing Deck Slab Soffi SBC
oy 1T Corroslon, paint deien‘oraftion and water stain Stesf Baam
- Lateral crack Dreck Slab Soifit
1 (3% Spalling and Aebari wxposule Dsck Slab Sofft -
0 Rebar exposure and spaliing Slab Soffit 8BE
< R Rebar exposure and flaking Bearn
o o Corrosion, paint deterioration Steel Pler
=y E Flaking and Honeycomb Abutment.
i Flaking of plaster Abutment
- — Wear, Longitudinal crack and Rebar sxposure Piar Common
O e and Spelling to
- = Rebar exposure and spalling Pier All Bridges
Alligator cracks Pile Cap L
o Fiaking and cracks L Pier Cross Head
- Inadedquate capacity Main Beam (2 Girder Type) ~ PCB
&n inadsquate capacity Main Beam . RCB
LOADING Inadequate capacity Main Slab (Lateral) RCS
CAPACITY Tilted Structure Abutment
DEFECT Inadadquats capacity Steel Beam 8BC
Inadaquate capacity Deck Slab
Inadequate capacity Stes! Beam SBB
~ Inadequate capacity | Buckle Plate S
FUNCTIONAL | Yoo nafrow . Carrlageway PRB |
DEFECT Too narrew and absent sidewalk | Bridge Widih RCB ~ ;
L Too narow and absent sidewalk Bridge Width 8BB |
Local scouring | Pier” ’
Scouring Abutment
HYDRAULIC Inadequate free board Bridga Opening Common
DEFECT Bank erosion River Bank - to
Slopa protection fatlure River Bank' All Bridgas
| Submerged beam Bricge opening ]
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™ Classification A Stee! Material 3 _Concrete Material
. Protection o Repainting o Exposy Injection
o Protective Coating
o Patching
o o Guniting
2 . ' o Instaliation of water proof layer
= 2 | Reinforcement o Installation of Additional Beam o Prepacked concrete lining with
ol E o Provision of Cross Beam additional rebar
" 2 0 Auachment of stael plate o Concrete Lining by guniting w/irebar
< a o Steel plate bonding
o
5 Replacemeant o Replacermnent by R.C slab — None -
< .
T
E:” “ o Extension of drainage pipe o
o ihcidental o Installation of water drop
< facility 1o Replacement of Expansion Joint
s o Replacement of bearing <2
- . o Replacement of railing <2 B
g Protection o Repainting (N/A) o Concrete lining ( Brick Abutment )
o w o Coancrete lining o Concrete lining
; ' % _ 1o Patehing
§ | Reinforcament o Concrete fining (N/A) o Underpining by additional pile <3
[ : .
2 - _
2 Peplacement o Replacement of abutrnent by rigid
— Nong — flame
: o Slope protection
Hydraulic o Foot protection
_ Rehabilitation o River bed protection
3 o Spurdikes . o 3
. : o Adding sidewalk
Functionat - o widening calriageway .
— Rehabilitation o Raising grade L

)

'I‘h_e-def_ects with the corresponding possible causes and the selected rehabilitation
methods were summarized on a bridge by bridge basis and these are attached in Appendix-P.

Swimmary of Selected Standard Rehabilitation Methods

A summary of the selected rehabilitation methods is shown in Table 12-5.

~Table 12-5 Summary of Selected Rehabilitation Methods

Note <1 In principal, stee! bearing to a steel bearn while

rubber bearing to a concrete beam

<22 This ftern is included in replacement of deck slab

<3 This item Is included in ralsing grade

N/A means not applicable
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12.4 Standard Rehabilitation Design

This section presents selected standard rehabilitation methods which are relatively wel]
known techniques in bridge maintenance and rehabilitation work and all of which are apphca-

ble in the study.

Application criteria for each standard rehabilitation method was prepared taking into
account the type, degree and extent of the defect and the cause of the defect as well as effec-
tiveness of each method.

The standard rehabilitation designs are broadly divided into seven categories compris-
ing of: '

(1) Protection work to concrete

(2) Reinforcement work to concrete

3) Protection / reinforcement to steel material
(4)  Protection / reinforcement to substructure
(5)  River training work

(6) Incidental facility

(7)  Temporary work

The standard rehabilitation methods for each category are summarized below except
category (6} and (7) of which works can be referred to STD. DWG No. 27 and 29 respectively
enclosed in Volume 1V Drawings.

(1} Protection work to concrete material
In general, this type of protection works is applicable to defects which are not active.
- Epoxy injection Application criteria
- Cracks are not active and

surface width is more than
0.2mm, but less than 3.0mm.

TYPE ‘A TYPE '8’ _ _
{APPLICATION | CRACK WIDTH IS  [APPLICATION ' CRACK WIOTH IS - _ReaSOI_'l of the crack appear-
MDRE THAN O.Zmm. BUT LESS  WORE THAM O.8mm. BUT LE33 L R
THAK O.€mm.} ) THAK 3.0mm.) . ance is due to Shrlnkage or

creep of concrete,

- No water leakage and no
liquid rust.

- No carbonation and no chlo-
ride attack.

- If surface crack width is more

~ than 3.0mm, apply cement

paste injection. :

APPROK. .
10mm, -

SEALAHKT
IBJECTION PIPE -
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- Patching
TYPE ‘A" TYPE ‘g’

e T

(\’\RE:AR _

-

EXPOSED
SURFACE ..

QRIGINAL ONCRETE ORIGINAL
SURFACE  BOMDING AGENT SUAFACE
10, REPAIR REPAIR
HINTMUH HORTAR MORTAR CILTETT T
- .
- Protective coating
CRACK <0.2mm
- —— ‘DETAIL ‘A’
. TOP COAT
2, : CRACK 12 LAYERS)
. L_PRIMER
e A {BASE IMPRENATOR}
fmaomriovers L 7Y
-
(VR4
- Guniting

_ A OT_sQE_m. LIEEHEN

AH

DEPTH > 10mm

- Waterproof layer

SHLORGPRENE RUZBER TYPE -
ACHESIVE {2003 T

WATER PHROOF MEMB

CHLIRAPAENE RuBRER yrrE .
ADHESIVE {200} TR

RUSY {KMIBITIVE:
PRIKER .o

i1Qmm.

10 BE REIMOVE IF CARBOMATION

- CHLOAOPRERE RUDBER TYPE

RARE (7530]

-EULOROPRENF . RUBGER TYPE
'ATEA PRCOF MEMBRANE (7500

——ASPHALY PAVEMENT

CONcRer
et £ ooEckoL.

A e ST e D .

n

NOTE . FIGURE .14 :C | SHOWS STANDARD uNIT RUBBER
FTANDARD THICKHESS oF WATER PROGF LAYER |

SOLVENT CONTEHF lq/m2).
$ 04~ 3mm.
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- Application criteria

- Defects such as honeycomb,
flaking, and cavity, that are
not active.
Reason of these defects are
mainly due to inferior con-
crete or poor workmanship.
Minimal carbonation, no chlo-
ride attack and no water
leakage.
Adequate concrete cover.
Defective area is scattered.

Application criteria
Cracks are not active and
surface width is less than
0.2mm. '

- No water leakage, no scaling

-and no flaking.

Minimal carbonation and no
‘chloride attack. _

Adequate concrete cover.

Application criterig

- Cracks (width is less than

0.2mm) are not active.

- Concrete is slightly carbonat-

ed.

- Minimum concrete cover is

inadequate.

- No water leakage.

Defective area is extensive.

Application criteria

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

Defects are not active,

Water is penetrating from top
of slab through defective
concrete or inferior joints
between precast members.



(2) Reinforcement work to concrete material

This type of reinforcement works is in principal applicable to a bridge member which
has inadequate load carrying capacity or has active defects such as bending or shear crack or

two way cracks etc.

- Steel plate bonding

TYPE ‘A’
JIMJECTION TYPE

AFE L|CA|!DH CD "‘ﬂEIE SUnI‘.ACC 5
UMEYEN FROUGH )

TYPE 'B '
PRESSURE_ BONDING -

t.ﬂ"F‘lICI‘IlﬂH ! CONCREEE SUATACT 1S5 SMOGTH
. AND CONCKEVE MEMBER BEPTH

1S ENOUGH FOR ANCHOR BOLT LENGTI)

T T e —

ANCHOR aciy
/ Qo ~oz3)

QI‘AEFH -._,.;,,/ —_—
L AT
(2 I prrnr k77

5\-5mm.

J B LE{P__ iEcTIan ﬁl_
AR VENT - s N
SEALANT —-- {,ML B
SYEEL ._PLATE

43 5Emmi L-AHGLE FLATE

*—--EFMOXY RESiH

- Prepacked concrete lining with
additional rebar

BEFORE REHABILITATION AFTER REHABILITATION

H ]
3 3.

Y PAEFACKED b
"'E CONLRETE JQ
85 RUST N E 55

MRIERE—,
AEPRFORCEMERT ég PRIMER ;_.§
AR E]u

3

eRACK. - —=
ADDITICNAL REBAR _ r

DF REGUIRED)

- Guniting with additional rebar

BEFORE REHABILITATION AFTER REHABILITATION

-HOY Mix [ oot M
bt mrcrmrrocr o ZIRLIE -1:3 prre e T T ]
PS W - { fom, N TR T ks
o — S [ , ] £t 'f'\‘f—n,\f TTINLZIERER
] U‘“C*— I AN _&_\ . ATIonAL.
R SLAR- [ et REBAH
I EXFOSED - ¥a ¥ {F REQUIREQ)
REBAR 3}5 a
r—_:’_.. =z ey S
: FLANIG B _ dm F —GUAITE
EXFOrth WFRAR 3z o
Mo &
2 a
=5 2
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Application criteria
Inadequate load carrying
capacity (inadequate amount
of reinforcement bar).

No water leakage and no
carbonation,

Active cracks due to bending

moment or shear force.
Adequate concrete cover,

Application criteria

Inadequate foading capacity.

- Various active cracks due to
_bending moment,

Inadequate concrete cover.
Suffered mild.chloride attack
or advanced carbonation.
Defective area is extensive.
Soffit of member where it is
difficult to pour concrete,

Application criteria
Inadequate loading capacity.
Various active cracks due to
bending moment or shear
force., _

Adequate for addltlonal stress
in beams and slab due to
additional dead load.

Bridge is located in relatlvely
severe chloride environment,
Advance carbonation.

Defective area is extensive.



(3) Protection / Reinforcement to steel member
(@) Protection work

Tﬁis'_type of protection work is applicable to
active defects. '

- Repainting (Superstricture)

E;‘.:::"T..“._t.‘:::l DETAIL ‘A’
I ]
—— e e PATMER -
. [ - v MIODLE  COAT -
= —TAF ZOAT
( )’-—-DETAIL ‘Al e L;— f_%
: f;_/." e /I//.//{(/j/x el

-~ SILEL FLATE

. TCP CQaAT -
WIDOLE COAT
FRIMER

~
ol

- Concreie lining

SECTION Ach

(b)  Reinforcement works

steel members which have not

Application criterig
Adequate load carrying
capacity.

Non-active corrosion
Paint deterioration.

Application criteria _
Steel surface is slightly cor-
roded but load carrying capac-
ity is still adequate.

Bridge is located in a non-
severe environmental condi-
tion,

No chloride attack,

Application criteria

Steel surface is considerably
corroded but load carrying
capacity is still adequate.
Bridge is located at severe
environmental condition.
Chloride attack is considera-
ble.

This type of work is applicable to steel members which have in’adequate. load

carrying capacity,
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- Attachment of steel plate (superstructure)

DETAIL 'B'

hES

'

T

e
® '}"“"‘ l.r 7 P
s M7 L’Z

é/{—srtu PLarE

—waATHER

Application criteria
Inadequate load carrying
capacity. L
Excess bending stress is legg
than 20 % of allowable stregs,
Non-active corrosion, paint
deterioration.

5

DETAIL "B"
MER YTRIMGTH FAGCTION

GA Gt

HIGH SIRENGIM  FRiGTION
SRIF povLy

2
T SHALL BE MOY MORE THAN 2 2l

Te——STEEL FLaTE

- Concrete lining (substructure) Application criteria
Steel surface is considerably
corroded and load carrying
capacity is inadequate.
Bridge is located in a severe

‘environment.

SHEAR
LONNECTOR

1

SECTION A-aA

_(4) Protection / Reinfo_rcement to Concrefe Substructure

This type of works is applicable to a concrete substructure.

- Concrete lining to abutment Application criteria

: , ; - Inadeguate minimum cover or
R bricks are exposed.

Abrasion of concrete surface
or loss of concrete or chemical
attack. o -
Concrete is carbonated,

:

EXISTIHG FAGE

1l -
FINAL FACE o COMCRETE X2

i LiiNG 1 L EAN WL
T AODITIONAL RESAR = -
P Y10 AT 300mm ¢ /c .
BOTHWAY §
a.L

| —

. SYMMETRY
MASS CONCRETE
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- Concrete lining to piles

HEFORE_REHABILITATION " AFTER REHABILITATION
. : “»;“. OLITIONAL REFL
R
t AR 0la 300 a0
v

| _CONCAETE T0
¥Z DEROLISHED

LOHITUTINAL

CORCKITE
track I

TeLasy Wt
Lrncron aum -
T8 $lA, =303 oie

RUIT IKHIBITIVE
PRIMER

L

ey
s

iy

(5)  River Training Works

Application criteria
Minimum concrete cover is
inadequate. .
Wide longitudinal cracks due
to chloride attack or rebar

- exposure.

Abrasion of concrete surface
or loss of concrete matrix due
to inferior concrete or chemi-
cal attack.

Concrete is carbonated.

River training work consists of slope protection, foot protection, river bed protection
and river alignment depending on where protection work is provided.

(&) Slope protection

is observed.

- Sione masonry

T S BACKFILL MATERIAL

LEVELLING CONCRETE
BASE CONCRETE
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This type of work is applicable to river banks around abutments where erosion

Application criteria
Slope -
: 1:05-1.5

Height -

Less than 5m
Application -

Small to medium

scale river,

Application criteria

Slope -

1:0.3-1.0
Height -

Less than 3m
Application -

‘Rapid stream and
small to medium
scale river.



- Concrete block pitching Application criteri

- Slope -
1:1.5-2.0
' - Height -
-5 - Less than 5m
£ — xS g
B gp——- - Application -
° - Medium to large
scale river,

Application criteria

- Slope -

1:1.5-2.0
~--  Height -

Less than Sm
- Application -

Tidal river and
bank . subjected
to wave force,

(b) Foot protection

This type of work is applicable to footings for slope protection in order to
prevent slope failure caused by scouring action on the river bed. '

- Dumped stone Application criteria

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

Application criteria

- Small scale river and founda-
tion ground is soft.

" WIREMESH GABION
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- Concrate Block Mattress | Application criteria
' - Medium to large scale river
or rapid flow velocity.

- Sheet pile Application criteria

' - Normal water level at slope
toe is more than about 3.0m
and it is difficult to provide
base concrete under river
bed at slope toe. '

SHEET PILE

(c) River bed protection

This type of work is appiicable around river piers where local scouring or river
‘bed lowering is observed. '

- Wire Mesh Gabion ' ' Application criteria

- Foundation protection.

.
v —
WIRE MESH GABION
- Dumped stone and wire mesh gabion Application criteria

- Local scouring.

(2.0X1.0X 0.5m)
DUMPED STONE
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(d) River realignment

This type of work is applicable to extremely eroded banks of a meandering river
located upstream of a bridge.

- Spur dike by stone masonry ' Application criteria -
- Large scale river.
GROUTED RIPRAP
L,
TR
Rk ¥ ' iNI :
W%L%L@j | LooSE

HOULDER

LOOSE BOULDER EKﬁbu
2000
) —y

ORIGINAL GROUND
SURFACE

oW, L

LOOSE BOULDER

COMPACTED
EARTH

hrrvywe WOODEN LOG
e | peeowsomm
BACKFILLING WITH
SAND AND GRAVEL
- Spur dike by concrete pile Application criteria

: . - Medium to large scale river.

i /;

7150 X 150

g X2400 N7

12.5 Alternative Study

Among the 20 bridges, most of the bridges can be rehabilitated applying the standard
rehabilitation plans but for a few of them it is difficult to select the rehabilitation plan. These
are bridges in which the selected rehabilitation plans include possxble total bridge replacement,
replacement of buckle plate slab and raising of bridge grade.

For these major rehabilitation works, a comparative study that is an evaluation of
possible several alternatives from the structural aspect, construction cost, maintenance cost,
construction period and aesthetic viewpoints were carried out to se}ect the most optlmum
rehabilitation plan.
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-The following are alternative studies including possible total bridge replacement for
Bridge No. 00166511, raising bridge grade for Bridge No. 00317000 and replacement of
buckle plate slab for Bridge No. 00161140.

(1) Bridge No. 00166510

- This bridge was originally built in 1935 with a single span steel box girder of
10.68m long and later widening was carried out using R.C beam with the same span
length. The present bridge width is 7.910m wide of carriageway without sidewalk.

Major defects identified through the assessment are

- Advance corrosion of the steel member -

Extensive flaking at R.C. beam and deck slab soffits

Wide longitudinal crack along joints between RCB and SBG

Open crack in the abutment caused by uneven settlement due to local scouring
~ Inadequate load carrying capacity of R.C. beams

Too narrow carriageway and absent sidewalk

Local scouring and river bank erosion

Decreasing bridge opening due to sedimentation

C 0 00 0O C OO0

Taking into account that the bridge has combined defects not only from material

deterioration but also from load carrying capacity, functional and hydraulic defects,

 total replacement of the bridge is considered as one of the possible alternatives for
rehabilitation of Bridge No 00166510.

PN pE— Total replacement of the existing bridge with prestressed inverted "T"
beams supported by R.C. inverted "T" abutments with precast R.C.
piles.”

Alt-2 --—-—--> Similar to Alt-1 but with steel beams as the main girders.

- Alt-3+----- Total réhabilitation of the existing bridge with adding rigid frame abut-

- ments adjacent to the existing abutments.

- The alternative study is shown in Table 12-6. As depicted in Table 12-6, from con-
struction cost vi'eWpciﬁt Alt-3 is the most superior among them. However, potential problems
such as inadequate bridge opening and frequent maintenance and rehabilitation work required
still remains. Thus Alternative-1 is selected as the most suitable rehabilitation plan of Bridge
00166510.
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2) Bridge No 00317600

“This is a nine span P.C Beam bridge with a total bridge lengih of 398.5m,
spaning over Sungai Fndau with parabolic bridge profile and is located at the
mouth of the river, : -

Major defects identified through the assessment are

] Submerged P.C. beams at both end spans _

¢ ‘Rebar and P.C. cable exposure on cross beam and main beams of both end
spans. :

0 Advance chloride attack to the superstructure of both end spans.

Taking intoacc_ount_the defects mainly caused by inadequate bridge opening at
both end spans, the following alternatives are considered. - - _

Alt-1 “meee Replécement of badly deteriorated P.C. beams at both end spans to new
P.C. beams together with raising the bridge seat by about 1.4m. The
abutments are to be reinforced with additional piles.

Alt-2 —---e- Similar to Alternative-1 but with steel beams as the main girders. No
' reinforcement work is required to the abutments.

Alt-3 ------ Replacément of the P.C beams at both end spans to new P.C beams with
- provision of coating instead of raising the bridge seats.

The alternative study shown in Table 12-7 indicates that from construction
viewpoint alternative-3 is the most superior among others. However, alternative-3
requires frequent costly maintenance by protective coating of which durability for
chloride attack is questionable. Furthermore with this alternatives the beams still
remain submerged which is a potential problem. Thus Alternative-1 is selected as an
optimum rehabilitation plan. :
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- (3 Bridge No (0161140

- Qut of the 216 study bridges, steel beam buckle plate (SBB) is the most domi-

nant bridge type amounting to a total of 76 bridges equivalent to 35.2 %. The defects

“detected in SBB are, in general, advance corrosion, water stain and paint deterioration

and in particular inadequate LTAL load carrying capacity in the buckle plate slab and
in the beam.

In addition, the buckle plate, installed with the shape of an arch anchored at
each upper flange of the beam, has potential maintenance and structural defects. These
cause endless repainting work required for corrosion due to accumulated water at joints
between the plate and the beam and consequently leading to possible structural failure
from buckling.

. .Considering the defects detected and potential maintenance and structural
defects in the buckle plate, it is concluded to replace the buckle plate with the most
smtable alternative out of three listed below.

Alt1 weoreoeen Replacement of the buckle plate with in-place R.C. siab.

Alt-2 -emeenee Simllar to alternative-1 but using prefabncated remforcements for the
‘concrete deck slab. '

Alt-3 -——-f;-v~ Similar to alternanve—l but using precast remforced concrete deck slab
' panels. :

The alternative study is shown in Table 12-8. From the Table it is obvious that alterna-
tive-1 is the most suitable rehabilitation method from the construction cost viewpoint.
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12.6 Resulis of Preliminary Design

The preliminary design of maintenance and rehabilitation works in the study was car-
ried out in the exercises mentioned in sections 12.3 to 12.5, This section presents summaries
of the rehabilitation design results and the corresponding work quantities, while all the mainte-
nance and rehablhtatlon drawings prepared are attached in Volume IV Drawings. Further-
more, work sequence of the main work items and brief specification are also included in this
section,

(1) Summary of Rehabiiitation Design Results

Final maintenance and rehabilitation plan and work methods were decided based
on the standard rehabilitation design and the alternative study of the major work
items. Summary of the final rehabilitation plan for each of the 20 study bridges is
tabulated in Table 12-9.

In the rehabilitation design, strengthening design was also carried out for the

bridge member which has inadequate LTAL load carrying capacity revealed by the

~ analytic assessment of the bridge. The strengthening design was in principal based

on elastic design method in accordance with the assessment criteria established in

section 12.2. The results of the strengthening design for the bridge having inade-
guate LTAL load carrying capacity are summarized in Table 12-10.

 (2) Summary of W_ork Quantities

The work quantities for the 20 bridges were computed based on the preliminary
design drawings attached in Volume IV Drawings. A summary of the work quanti-
ties for the 20 bridges is tabulated in Table 12-11.

(3) Work Sequence and Specification

Work sequence for the major works such as total replacement of the bridge,
raising of the bridge grade, replacement of steel buckle plate slab, etc. is itemized in
order in the general view drawing of each bridge, while the sequence of the standard
rehabilitation method applied in the preliminary demgn is presented in each standard

~ drawing.

An applicable spemﬁcat:on for the maintenance and rehabilitation works is in
principal based on JKR Standard Specification for Road Works (JKR/SPJ/1988),
“however, for some special items which are not covered in the specification, indica-
tive specification of each special item is briefly described in the Standard Drawings.
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Table 129 Summary of Rehabititation Plans and Main Work Item for 20 Bridges

Year | Bridge | Bridge Hehabititation Matn Woik ltom
No!  Key Shate Huit Type | Length {m) Pan e (Mathed)
Y] vae0 |doer 1955 ] Rca 12.881 Protection work {Sis & Basm) Gunking to 20fi8 ol slab and besms =
Protaction work (Pites) Concrols inving ol .G pltes.
2| 101140 | Perck 1950 | sag 18.11| Roptacoment (Dsck Stab) Reptacamont of thickta plato by RC siab T
Protection work (Abut & Pior) Concrets Bining ot substiucture
Adiding eidowalk Addng sidawal by SBC with subdluctire on both skies
Protaction work {Abutmoent) Instalistion of stope mmtlon
Frotaction werk (Piod) instaliation of rhver bed pratection
3| 188500 | Perax 1935 | ACB/SBG 10.72] Totsl replacoment . Total replacemend by IT j
4 | 2300 Pashang 1960 | SBC/RCH 26.701 Protection work [Stab soffil} Palching to slab soffit (Span ~ 2} o
Pratoction work {Stes] beams) Rapaintang to £ steol beams (Span 183
Protaction work (Pier) Concrete g of a pisr colimns
Protection work {Abutment) Installalion of slopa protection.
5 1 317000 Pshang 1974 PCE 397.32 | Protection work (Slab & baams) Palthing 1o alf apafad concrels mambed .
Ralsing grade (both ead spans} Balihg grade of beth sida spans -
Protection wodk [Abutment) Instafiation of foot proteckion
6| 319310 | Psheng 1962 PCB 121,26 Protection work (Beam & Fils cape) . Epoxy roan injaction at pils caps sid boams
Protestion wark (Al concrate surfaca) Prolective coating 1o all exposed surlaces
Protaction work (Piars} Gencrete ining of slt plor columns
Aalforsament (8 #ams) Stest piate bonding at boam soliit {2 gidst typs)
7 | 341800 [Terenggenu | 1556 | RCB 3544 | Adding sidawak Adding sidewak by RCS with widened subsinicturs
Rentorcamant (Pers) Frapacked concrala fining with addtional rebar at &l crosshesd beams
Frotaction wock (Sofft of Bearmns & Sleb) Patching & soft of bsams and skab
Protsction work (Piars) Conerats Tnksg 1o &l colmng
Protadtion woek (Abutment | Instaliation of slope prolactien it both eide atutment
8 | 245740 | Terengganu | 1573 FCB 15226 Prolagtion work (Beams, Crass baams & Fiss) Faiching on beams, cross bearms and plars
: Protoction work (Boams & Slab SolfE) Protacive costing to boams and slab soffit
Renforcamant work (Beams) Steol plate bonding at beam solfts (2 girder typs)
Frotacton wirk [River Bonk) Shope protection o river bank and
Protecton work {River bad) Riveé bod protection at phors
Raising of grade Extavation of both skie banka
-] EZ0850 | Meiska 1980 SHE 4.271 Protacton work {Slab & Beams) Guniing 1o all siab 30 and beams
Protecton work {Atutmant Pectial concrats fning
10| 546580 | Sslangor 1839 RCE 830 Reinforcamant work (Basm Sofil) Prapeckad cencrata ining with oddidona: tubarg
Protection work [Slab Sol® P.ﬁchng a1 slab st
1] 545900 | Selangor 1969 RCS 30,84 | Protection work {Slab Scifigy Paiching sl slab sofifl
' Rewkoresment work (Sleb Sang) Staal plate bonding at slzb sofft
Replacerment work (Abutment Instafiation of rigki frams type abutmen?. -
. Protsciion work {Piovs) Total concrate Fn'a.'bg.ol' Pals
12{ 5e3880 | Perek 1872 T 44,58 Protection work (Piers) Concroth ining of 8N pler cokamng
Protaction work (Plers & Abxtmeny) Patching on piet crosshesd and sbitmont
13| 567840 | Parak 1060 PR3 12.42 | Protection work (Deck siab) Provision of wale/proot leyer on top of deck siab
Protaction work {Fier 8 Atutmen] Patching for abutment snd piers
Widening of camiageway Videniig by PRB with widenad sutstruciures
$4] 834650 | Kelanlan 1660 RCS 13.71 | Profaction work {Deck Siab) T Provision of wateeprool fayer on top of deck slab
Frotoction work (Substruciure} Patching to plars and abutment
Reinforcement wosk (Slab Sofig) Frapackid concrate liningwith addiions! robar
15] 50010790 | Johor 1919 5688 4.77 | Protection work (Abuiment Pertint concrote lining for bath abudmenta ’
: Proteciion wark (Stant Bearms) Repanting of 89 bears .
Replecament work {Deck Slab) Replacgmant of stee! buckia plats by AC slab N
18f 6803340 | Potek 1850 sesn 4.97| Protaction werk (Pisra) Concrals nng atupstand pehs C
’ Prolaction work (Stes) Ssams) Aepanting ofaibeams - . ¢
Replacament (Deck Slsb) Roplacorment of slael buickls p!.a'is by RC siab
17| sacai20 | Persk 1850 SBC 2318} Protaction work (Steat Boams) Repanting of all beama )
Panfercament work {Deck Slab) Guniting with addiftional rebar at deck soffit
i FRainforcoment work (Cross Beam) Provision of ¢ross bosms _
SPECIAL BRIDGE ' ' -
18 - Sabah 1964 s8C £0.10 Protection work {Stse! beams) Fapenting of alt beams
Rsplacement work {Deck Slab) Replacsment of deck stab by LG slab
Rainforcement vork (Stes! Beams) Instatiation of addiicnal beams
Protscton work (Stee! Piles) Concrals fining of all steel phr.co!urms
Protaction work (River Bonk) Instaliation of siope protection
19 - Saravwak 1965 SEBC 76.60) Prolection work (Deck Siab) Epoxy injpction ai slab soffit
Renforcement work {Dock Slab Stasl pate bonding et siab sofit
N Resinforcement work (Bleal Beam) Attachmen! of etes! plate to lower flangs
20] 371000 | Kelantan 1962 ACH 840.00| Prataction vork (Boams) Epoxy inpction for baams
Protaction work (Cross Baama) Palching o cross beam soffit
Protaction wexk (Aer Bank) Raconstruciion 6f slopa protsction with fosi protesiion S
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Table 1210 Summary of Strengthening Design Results

firidge Structural Stresses under LTAL
No. Member - Structural Work Working Allowabls
L Stress - - Strass
161140 . | Stosi Buckie Plate Steel buckle plates are to be replaced by 131 Nfmm2 [ 140 N/fmm2
(5BB) A.C dsck slab {0 16 oto 150ram )
<4
Steel Beam No work <3 129 142
31§1 10 Main beams of 2 — éonding stesl blate to beam flange soffit <i <2
] (PCB) <5 * | glrdertype bridgs (stee! plate 400mm X 4.5rmm) 16.6KN 144KN
546560 f.C Beam Prapackq'tf concrste Iin'in'g with additional 126 Nfmm2 | 140 N/mm2
(RCB) rebar ( 025 — 3 no's per beam ) .
G469 B0 Deck Sldb ‘Bonding stee! plate to deck soffit 137. 146
{RCS) {Distribution Rebar) {steel plate 300mm X 10mm — 500mm olc)
5903120 Deck Siab Propacked concrete fining with additional 88 140
{SBC) {Distribution Rebar) rabar { 0 10 — 150mm ctc)
Darr;bai Main Baam Additional main bsam {2No's). 127 140
(58C} | Deck Slab Replacémont of deck slab (0 16 ¢tc 150mm) 105 140
Samarahan . Main Be_aﬁ Attachmam ai.steel_pra_te_ to bottom flange sofﬁt. 168 ‘ . 1'53 ‘
(8BC) - {steeiplates . 356mm x 38mm — Gz,é) ‘
_ (stestplates  254mm x 38rm — G1.4)
Deck Slah Bonding stee! plate to deck soffit 52 140
' (stes| plate 200mm x 4,5mm —~ 500mm ote)
Note :

< 1 Tengile forca induced by LTAL in the main girders.

<2 Capéciw of stea! bonding plate in resisting tension.

< 3 After replacement of buckle plate by R.C slab of which rehabiltation work

" Increases rigidity of th slab, all beams hav_e adequate LTAL load carrying -

becauss of effect of the lateral foad distribution.

< 4 Applic&b!ato other steel buckle plate béam_bridges _such as No.5001070

and No. 5803340, The beam of Bricige No, 5001070 be installed shear

connectors is considéred as & composite beam,

<5 Ap.plicable to Bridge No. 346740.
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CHAPTER 13

PLANNING OF MAINTENANCE AND REHABILITATION WORKS

- 13.1  General

Planning of the fnaihtenance and rehabilitation works covering all the study bridges was
carried out based on a supplemental bridge survey and the results of preliminary rehabilitation
design. . '

_ The supplemental bridge survey covering 199 bridges, which were discarded either for
visual inspections or for the detailed survey, was carried out to measure the extent of damage,
to select the rehabilitation method, and to estimate the work quantity, since the NALS data
did not cover the quantitative damage data which are requisite to formulate the rehabilitation
program covered those 199 bridges, as originally planned.

The bridges covered in the supplemental survey are divided into 2 groups: one group is
the 121 bridges which were discarded for the visual mspectlon during Phase T(A) and the other
group is the 78 bridges which were visually inspected but discarded for the detailed structural
survey c_lurmg Phase II(A). The purpose of the suppiementai bridge survey, thus, depeénds on
the above two bridge categories, i.e. for 121 bridges the purposes are to rate type, degree and
extent of damage, to select a rehabilitation plan and to estimate the work quantities, white for
78 bridges of which damage condition rating was completed during Phase I(A) are, thus, to
select a rehabilitation plan and to estimate the work quantities.

13.2  Methodology of Supplemental Bridge Survey
13.2.1' freparatory Work

Prlor to commencement of the survey work, a standard rehabilitation plan survey sheet
was prepared s0 as to enable systematic recording of damage information and quantity data
for all 199 bridges. Each standard sheet contains bridge data, a plan and profile of each
‘bridge as well as a blank forinatted table for entering damage data, the location of damage
and its extent,’ rehabilitation plan and the work quantity.

In additlon damage condition rating form and bridge function survey sheet which were
used in the visual inspection during Phase I(A) were also adopted to quantitatively rate the
damage and to obtain information as to flood water level, availability of a detour road and
necessity of adding sidewalks,
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13.2.2 Setting Up Criteria in Selecting Rehabilitation Plan

Prior to carrying out the ficld survey, criteria in selecting a suitable rehabilitation . plan
was set up mainly based on the results of the preliminary design so that the rehabilitation plan
selected during the survey would be uniform and standardized regardless of the number of
inspection teams and the selection method.

The rehabilitation plans in the study are broadly divided into three categories compris-
ing of structural rehabilitation work, functional rehabilitation work and hydraulic -rehabilita-
tion work. The structural rehabilitation work is to rectify a deteriorated bridge member
and/or to strengthen a bridge member which has inadequate load carrying capacity, while the
functional rehabilitation work is to-improve the bridge function by widening carriageway in
terms of traffic capacity, adding sidewalk in terms of pedestrian flow capacity, or raising
bridge grade from bridge opening capacity viewpoint, Moreover, ‘hydraulic rehabilitation
work is mainly to protect river bank or river bed in the vicinity of abutments and river piers.

Accordingly the selection criteria of the rehabilitation plan is also subdivided into the
above three categories and is discussed in the following section: :

(1) Structural Rehabilitation Criteria

The structural rehabilitation works are broadly divided mto three categones
comprising of protection, reinforcement’ (strengthening) and teplacement, Each rehabil-
itation plan has different rehabilitation method depending on the type of defect, its
extent and degree as well as the cause of defect. Therefore, the purpose of setfing up
the structural rehabilitation criteria is to enable the designation of a specific type of
rehabilitation method for the corresponding type of structural defects conSIStmg of
material deterioration defect and load carrying capac1ty defect

= Protection Work

Protection work is applicable to a bridge member which has adequate load
carrying capacity which was determined with the aid of the analytic assessment resuls
of the 20 representative bridges in preliminary design, but has minor material deteriora-
tion defects including inactive cracks due to shrinkage, creep or temperature or- some
construction deficiencies such as honeycomb, flaking, and water stain. '

A spemﬁc rehablhtatlon method for the protecnon work depends on the type of _
defect, its extent and degree as well as the cause of defect. Each type of rehabilitation
method applicable in the survey is tabulated in Table 13-1 together w1th the correspond-
ing application criteria.
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Table 13-1 Type of Protection Method and Corresponding Application Criteria

" Rehabilitation Plan_|

- Meihod

- Application Criteria

o Protection work to
conhcrete

— Epoxy Injection

Cracks are not active and surface widith

is more than 0.2mm, but less than 3.0mm. /1

Reason for the crack appearance is due to

shrinkage or creep of concrete.

No water leakage and no liquid rust.

No carbonation and no chloride attack.

L1 1 surface crack width is more than
3.0mm, apply cement paste injection.

~ Patching o Defects such as honeycomb flacking, cavity
efc. are not active.
o Reason for these defects are malnly due to
inferior concrete or poor workmanship.
o Minimal carbonation, no ch!onde attack and
no water leakage.
0 Adequate concrete cover,
o Defective ared is scattered.
— Guniting o Cracks of which surface width is less than

0.20 mm are not active. .
Concrete is slightly carbonated.

‘Minimum coricrete cover is inadequate.

No water leakage.
Defective area is extensive,

-~ Protective Coating

clo Qoo

Cracks are not active and surface wndth is
less than 0.2mm.

No water leakage, no scaling and no flaking.
Minimal carbonation and no chloride attack.
Adequate concrete cover.

— Waterproof Layer

Q0 00

o0

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

Defects are not active, o

Water is peneirating from top of slab
through defective concrete or inferior
joints belween precast members.

— Concrete Lining (Wall)

Inadequate minimum cover or bricks are
exposed.

Abrasion of concrete surface or loss of
concrete matrix due to inferior concrete
or chemical altack,

Concrete is carbonated.

— Congcrete Lining (Files)

o0

Minimum concrete cover is inadequate,
Wide longitudinal cracks due to chloride
attack or rebar exposure,

Ahrasion of concrete surface or loss of
concrete matrix due to inferior concrete or
chemical attack.

Concrete is carbonaled.

o Protection works to

— Repainting (Superstructure)

Adequate load carrying capacity.
Non—active corrosion and paint delerioration

stes! member

— Repainting (Substruct_uré)

oiCc 0i0

=]

Steel surface is slightly corroded but load
carrying capacity is stilf adequate.

Bridge is located in a non—severe environ—
mental condition.

— Gonerete Lining

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

Bridge is located in a severe environmental
condition,
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« Reinforcement (Strengthening) Work

Reinfo'rcement (strengthening) work is applicablé to a bridge member which hag
major material/structural defects or which has inadequate LTAL load carrying capacity
judged by the analync assessment results of the 20 bridges. : .

Major defects which require reinforcement work include active cracks due to
bending or shear force, live or progressing settlement and serious section loss.

The analytic assessment of the 20 representative bridges for the detailed struc-
tural survey™ revealed that the buckle plate slab of SBB, steel beam of SBB® and PC
beam of 2 girder type have inadequate LTAL load carrying capacity. These results are
applied to the other bridges of the same type in the survey.

A specific rehabilitation method of the reinforcement work also depends on
construction -material used, extent of excess stress, and type of associated damage
together with its extent and degree. Each type of the rehabilitation method is shown in
Table 13-2 together with the corresponding application criteria.

« Replacement Work

Replacement work is applicable to a bridge member or whole bridge of which
rehabilitation work(s) is hkely to be beyond economic repair.

A bridge member which has major structural/potential defects and which has
inadequate load carrying capacity was designated to be replaced with an appropriate
bridge member.

Furthermore, a bridge which has combined rehabilitation plans' not only from
structural defect but also from functional defect and/or hydraulic defect was designated
to be replaced by a new bridge.

Notes:

The assessment results indicated that two RCSs {tateral direction only), one concrete deck alab, and RC beam have inadequate
loading capacity. However, these zesuls which are caused by extreme material deterioration or design deficiency could be consid-
ered as an exceptional case and are not applicable to other bridges of the same type. Nevertheless, these defects can be identified

by visual inspection.

After replacement of buckic plate with R.C. Siab which increases the rigidity of sfab, aff beams have adequate LTAL foad carry-
ing capacity as a result of better lateral load distribution, provided there is no serious section loss, :
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Table 13-2 Fype of Reinforcement Method and Corresponding Application Criteria

o Rehabilitation Plan | Method | '~ Application Criteria
o Relnforcementwork | ~ Steel Plate Bonding o Inadequate load carrying capacity (Inade-
to concrate _ quate amount of reinforcement har)

o No water leakage and no carbonation,
0 Inadequate for addiitional stress in beams
and slab due to additional dead load,
o Active cracks due to bending moment or
shear force. _
. o Adequate concrete cover.
— Prepacked concrete lining | o Inadequate loading capacity.
w/ additional rebar o Various active cracks due to bending
moment or shear force.
o Inadequate concrete cover.
o Suffered mild chloride attack or advanced
: céfbonation.

o Defective area is extehsive.
— Guniting w/ additional o Inadequate loading capacity.
rebar o Various active cracks due to bending

moment or shear force. _
¢ Adequate for additional stress in beams
| and slab due to additional dead load.
. o Bridge is iocated In relatively severe
. chloride environment.
Advance carbonation.
Defective area is extensive. -
Inadequate load carrying capacity.
Excess bending stress is less than 20%

o Reinforcement work | — Attachment of steel plate

o 0 |0 ©

to steel

of allowab!e stress,

. Non—active corrosion, paint deterioration.

~ Concrete liningw/ - o Steel surface is considerably corroded and
additional rebar. load carrying capacity is inadequate,

o Bridge is located at severe environmental

(o TS

condition.

13-5



(2) Functional Rehabilitation Criteria

The functional rehabilitation plan is divided into three categories consisting of
widening carriageway, adding sidewalk and r.usmg grade. Criteria for applying these
rehabilitation plans is discussed below:

« Widening carriageway

The necessity for widening carriageways on the study bridges was assessed in
Phase I(A) stage by comparison of traffic capacity with current demand volume at the
bridge location. Basically these assessment results were utilized in determining the
necessxty for widening the bridge.

» Adding sidewalk

The criteria for adding sidewalk, established in Phase I(A), was based on
whether a bridge without sidewalk is located in urban area or otherwise and its proximi-
_ ty with institutional public facilities such as schools, hospitals, mosques and other

landmarks to the bridge.

Applying the same criteria, the surrounding area of each bridge within about
one km was surveyed to identify whether the bridge was located within the above speci-
fied condition. If a bridge without sidewalk is located in the above condition, it was
determined that sidewalk should be provided.

« Raising grade

Based on interview survey with local residents living in the vicinity of the
bridge site, information on whether the study bridge has been submerged during flood
was obtained. If the bridge had been submerged, additional information was also ob-
tained such as approximate flood fréquency per year and flood duration time.

If a bridge i is found to have been submerged, it was then determined that raising
grade is required or bridge length has to be extended to cater for flood flow.

(3) Hydraulic Rehabiiitation Criteria
Hydraulic rehabilitation plan includes slope protection, foot protcctlon river
bed protection and river alignment depending on the extent and nature of the hydraulic

problem encountered such as scour, erosion, flood flow at bridge site.

- Slope protection is applicable to river banks adjacent abutments where erosion is
observed.
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= Foot protection is applicable to footings of the Slope protection in order to prevent
slope failure caused by scouring on the river bed.

~+ River bed protection is applicable to river beds surrounding the river piers where
local scouring or river bed lowering is observed.

- River‘alignment (rechanneling) work is applicable to extremely eroded banks of a
meandering river located in the vicinity of the bridge upstream.

Selection of a specific rehabilitation method depends oh the stream type, river scale,
flood flow velocity, foundation type and geology of each site. Type of rehabilitation method
for each plan is shown in Table 13-3 together with the corresponding application criteria.

Table 13-3 Type of Hydraulic Re‘habilitation Plan and Corresponding Application Criteria

Method

- Application Criteria

Rehabilitation Plan |

o Slope Protection

— Stone Masonry

C
0
o

Slope; 1:05 - 15
Height ; Less than5m

Application
Small to medium scale river

1"~ Concrete Block Maéoﬁry

[

Q

Slope; 1:0.3 ~ 1.0

Height ; Less than 3m

Application '

Rapid stream and small o medium scale

" river.

— Concrete Blcék Fitching

Slope; 1:1.5-2.0
Height ; Less thanbm
Application

Medium to large scale river.

— Concrete Frame

Slope; 1:15-20

Height ; Less than 5m
Appilication

Tidal river and bank sub;ected to
wave force.

o Foot Protection

- Dumped Stone o Small to medium scale river and foun—
dation ground is relatively solid.
— Wire Mesh Gabion - o Small scale river and foundation ground

is under soft type.

- Concrete Block Matress

Medium to large scale river or rapid flow
velocity.

— SheetPiling o Normal water level at slope toe is more
than about 3.0m and it is difficult to
provide base concrete under river bed

L T at slope tos.

o River Bed Protection | — Wire Mesh Gabion o Foundation protection.
- -- Dumped Stone & Wire Mesh o Local scouring.

L - ‘Gabion

0 River Realignment — Spur Dike by Stone Masonry o Large scale river.

— 8pur Dike by Concrete Pile

Medium to large scale river,
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13.3  Planning Results of Maintenance and Rehabilitation Works

13.3.1 Assessment of Bridge Statistics

During the supplemental bridge survey covering 199 bridges, it was found out that 11
bridges have been replaced or are being constructed by the Government. Therefore the total
number of the study bridges has been reduced from 216 to 205 bridges (including 17 bridges
for detailed survey). The supplemental bridge survey data was recorded in the survey sheets
for cach of the study bridges which register the selected rehabilitation method together with
the corresponding work quantities and damage rating. A summary of these data is attached
in Appendix-Q of Volume III.

Statistical assessment of all the study bridges is presented in Figure 13-1 and it revealed
that the most dominant bridge in the study is Steel Beam Buckle plate bridge (SBB) which
made up 33.8% of all the bridges. Reinforced Concrete Beam bridges (RCB) formed about
15.0% of the bridges, while RC Slab bridges (RCS) made up 11.1% of the study bridges.
The proportion of the rest in decreasing percentage is as follows; Precast RC Beam bridges
(PRB) 9.7%, Steel Beam Concrete Slab bridges (SBC) 8.7%, Prestressed I-Beam with Slab
bridges (PCB) 6.3%, RC Box culvert (BOX) 6.3%, Pretensioned Inveried-T Beam bridges
(IT) 4.3%, Steel Beam Encased (SBE) 4.3% and Steel Box Girder bridge (SBG) 0.5%.

‘All the study bridges were grouped into three groups and the statistical assessment as
presented. in Figure 13-1 revealed that 16.2% of the bridges were built before 1945, 82.8%
were built between 1945 to 1974 and 1.0% were built after 1975.

Figure 13-1 Statistic of 205 Bridges

Percentage of 205 bridges Percentage of 205 bridges
by type of construction by age group
$BB (33.8 %)

BOX {8.3%} ://////'/,// 17\/////

N\
)
1T (4.3%) ~
PRB {9.7%) )

RCE (11.1%)

FCB (6.3%) AFTER 197%5

1%

SB::: g

884G {0.5%)

BEFORE 1945
167

RCB {15.0%}

Out of the 205 study bridges, four bridges were found to be in very bad condition and
are assessed to be beyond economic repair, hence these bridges are recommended.to be total-
ly replaced by constructing a new bridge, The four bridges that have to be replaced are
bridge 00166510 (SBG), 08603735 (SBB), 00338580 (PCB) and 06000970 (SBE).
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In addition, some of the bridges have been found to be inadequate in terms of a func-
tional viewpoint, hence they have to be rehabilitated accordingly with measures such as
adding sidewalks, widening carriageways and raising grades. Four out of the 205 study
bridges (i.¢. 2.0%) need widening of carriageway, |7numbers (8.3%) need addition of
sidewalk and 8 bridges require raising of grade. A list of those bridges which need functwn—
al rehablhtatlon is shown in Table 13-4,

Table 13-4 Final List of Study Bridges which Require Rehabi!itation Work
- based on Functional Viewpoints

Type of Rehabilitation Work No's of Bridges : List of Bridges
Widening of Carrisgeway 4 00567840 (PRE), D0B38100 (RCS), 01800060 (RCS), 01800670 (SBEL)
adding of Sidewslk ' 17 00113760 (RCB), 00161140 (SBB), 00161290 (SBB), 00303890 (RCS)

00313150 (sBE), 00313520 (RCS), 00335310 (RCB), 00341800 (RCB)
00519700 (PRB), 00521710 (RCB), 00700660 (PCB), 05102670 (SBE)
06406260 - ($88), 06702060 (SBE), 07604020 (SBB), 07604180 (SBB)
08604640 (SBB)

Raising of Grade 8 00304390 (SBC), 00317000 (PCB), 00700750 (RCS), 00834950 (RCS)
00838100 (RCS), 02305970 (RCS), 05102380 (SBRY, 05300960 (SBB)

13.3.2 Assessment of Rehabilitation Plap

The purpose of assessment is to highlight the most dominant rehabilitation work which
is required to be carried out on the components of each particular bridge type which has been
observed to be in distress. The rehabilitation method adopted for each particular damage and
bridge type is derived and applied from the criteria established in section 13-2. The assess-
ment of the rehabﬂltat_lon plan for each bridge type is presented in a X-Y graph in which the
Y-axis indicates the percentage of bridge components which requires a particular type of
rehabilitation method and X-axis indicates the type of rehabilitation method to be applied for
the particular bridge member and type.

(1) Steel Bridge with RC Slab Bridges (SBC)

The most dommant type of rehabilitation plan for SBC bridges, as shown in Figure
13-2, is protcction by repainting which constitutes of 94.4% of the bridges. This shows that
94.4% of SBC bridges have corroded and lack of maintenance.

Figure 13-2 'Rehabilitation Method for SBC Type Bridges

34,4

(1)Steel beam protection by painting

(2)RC diaphragm protection by patching
(3)Deck stab protection by patching

(4)Deck slab protection by shooting/guniting
(5)Deck slab protection by water proof layer
RRSH [P Sann .2 s s R < e Y= A {6)Deck slab reinforcement by guniting

o f21 (31 {41 {31 (&) together with adding rebar

TYPE OF REHABILITATION

PERCENTAGE
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The second most dominant rehabilitation-plan for this type of bridge is deck slab pro-
tection by patching which constitutes 50% of SBC bridges, followed by concrete deck slab
protection by water proof layer which involves 27.8% of the bridges. _

(2) Encased Steel Beamn Bridges (SBE)

The most dominant type of rehabilitation plan for SBE bridges, as shown in Figure
13-3, is protection of the encased concrete by patching which constitutes of 33.3% of the
bridges. Followed by reinforcement of encasing concrete by lining, deck slab protection by
patching and deck slab protection by guniting where each type of rehabilitation method
involves 22.2% of the SBE bridges. This phenomena is caused by inferior quality concrete
and poor workmanship used in the original construction. This type of bridge has high water
cement ratio, porous concrete, flaking and wide spread honey-comb. -

Figure 13-3 Rehabilitation Method for SBE Type Bridges

33.5

3351 4;7

a2 222 222

{1)Steel beam protection by painting

(D)Encasing concrete protection by. paiching

'(3)Encasing concrete protéction by guaiting

(4)Encasmg concrete reinforcement by bond-
ing stee] plate.

(5)Encasing concrete reinforcement by lining

{6)Deck slah pm!eclion by injection.

(HDeck sleb protection by patching

- {B3Deck slab protection by shommglgurunng

{F)Deck slab reinforcement by gumtmg toget

her with adding rebar

1.1 I3

PERCENTAGE

TR 2
TYPE OF REHABILITATION
{3) Steel Beam Buckie Plate Bridges (SBB)

The most dominant type of rehabilitation plan for SBB bridges, as shown in Figure
13-4, is total replacement of buckle plate which involves all the SBB bridges in the study. Its
replacement is necessary to avoid endless maintenance due to corrosion of the plate which is
caused by water collecting at the springing of the arch plate and also most of the buckle plate
has corroded very badly at the joints with the steel girder. The buckle plate is also contribut-
ing very little in terms of the lateral rigidity of the bridge. The second most dominant reha-
bilitation plan for this type of bridges is total replacement of the bearing which involved
97.1% of the SBB bridges. Next is the protection of steel girder by repainting which consti-
tutes of 87.1%, followed by reinforcement of steel girder by welding additional steel plate
which involves 4.3%. :
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Figure 13-4 Rehabilitation Method for SBB Type Bridges

0’ ‘0og '
. oo . 3 4:7 é,’.

9o
807
70
&0

o (1)Stzel beam protection by painting

(2)Steel beam reinforcement by welding
additional steel plale

@)Total replacement of buckle plate by RC
slab

(#)Total replacement of bearing (steel)

40+

PERCENTAGE

0
20

107

i1} {121 3 tay
TYPE OQF REHABILITATION

{4 RC Beam Brldges (RCB)

The most domlnant type of rehabilitation plan for RCB bridges, as shown in Figure
13-5, is protection of deck slab by patching which constitutes 25.8% of the bridges. The
second most dominant rehabilitation method for this type of bridge is protection of the con-
créte beam by patching which involves 22.6% of bridges, similarly with reinforcement of the
concrete beam by bonding steel plate which involves 22.6% of the RCB bridges. Damaged
‘on concrete material for this type of bridge is caused by both inferior quality concrete as a
result of high water cement ratio and poor workmanship, this has resulted in numerous
honeycomb.

Flgure 13-5 Rehabi]itatlon Method for RCB Type Bridges

(I)Repamtmg of encased Steel (for
RCE bridge which has SBE on
sonie span)

(Z)RC beam pmtecliun by patch-
ing

GIRC beam pmtecuou by coa!mg

(4)RC beam protection by shoot-
ing/guniting

{(3)RC beam reinforcement by
bonding steel plate

(G)RC  beam * reinforcement by
lining

(DRC  beam remfoncemem by
jacketing

(8)Dzck slab protection by injec-
tion

(9)Beck - slab protection by patch

- ing

R0 P s Y R SowsH P IR Pn HORN Vi IR T BRI P S Vs s (10)Deck slab protection by shoot

Y (2) (3). {4} (5} {6} ({71 {8} {91 <10} {H} {i2) ing/guniting

TYPE OF REHABILITATION “{11)Deck slab protection by water

S proof layer
(12)P=ck slab meinforcement by
guniting together with addition
of rebar

24 ] 22.6 ’ 22.5

PERCENTAGE
3

3.2 |

(5) RC Siab Brldges (RCS)

The most dommant type of rehabilitation plan for RCS bradges as.shown in Figure
13-6, is protection of deck slab by patching which involves 43.5% of the bndges Damaged
concrete for this type of bridge is mainly caused by flaking of inferior concrete. The second
most dominant rehabilitation plan is deck slab reinforcement by guniting together with addi-
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tion of rebar, which involves 30.4% of RCS bridges. Guniting is suitable at places where the
rebar has been exposed and the material is badly deteriorated. The third most dominant
rehabilitation plan is protection of deck slab by provision of a water proof layer particularly
at top of slab which involves 26.1% of the RCS bridges.

Figure 13-6 Rehabilitation Method for RCS Type Bridges

0 43.5
434 q
20 ]
(1)RC slab protection by injection
(2RC slab protection by patching
(3)Deck slab protection by shooting/guniting
()Deck slab protection by water proof layer
(5RC slab reinforcement by bonding steel
plate -
(6)Deck slab reinforcement by gumlmg toget-
. her with addition of rebar
(NReinforcement of deck slab by lining

as
30

FERCENTAGE
n
[F]

o 4.3

[AB] 12} t3) (41 (:;). (-6.).. ‘
TYPE OF REHABILITATION

{6) Precast RC Beam Bridges (PRB)

The most dominant type of rehablhtatlon plan for PRB brxdges as shown in Figure
13-7, is protection of deck slab by applying a water proof layer which involves about 75.0%
of the PRB bridges. A water proofing layer is required for this type of bridge because of
very poor longitudinal joints between adjacent beams. The second most dominant rehabilita-
tion plan is protection of the concrete beam by patching at the flaking concrete surfaces
which involves 15.0% of bridges. The other rehabilitation plans for this type of bridge
include concrete beam protection by shooting 5%, reinforcement of concrete beam by bond-
ing steel plate 5% and protection of concrete slab by patching which involves 5% of PRB

bridges.
Figure 13-7 Rehabilitation Method for PRB Type of Bridges

80 750
T
G50
8 5o .
: S
z 0 (1JRC beam protection by patching
© e . (2)RC beam protection by shooling/guniting
W 201 129, ()RC beam reinforcement by bonding stee!
10 plate
o (4)Deck slab protection by patching

M2 (3 w4 = (5)Deck siab protection by water proof layer
TYPE OF REHABILITATION

(7) Prestressed I-Beam Bridges (PCB)

The most dominant type of rehabilitation plan for PCB bridges, as shown in Figure
13-8, is reinforcement of prestressed I- beams by bonding steel plates which constitutes about
23.1% of the PCB bridges. Reinforcement is required for PCB bridges of the type with only
two girders per deck. The next and equally dominant rehabilitation method for this type of
bridge is protection of concrete deck slab by application of water proof layer which involves
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23.1% of PCB bridges. Rehabilitation by protection of prestressed I-beam by patching and
coating involves 15.4% of the PCB bridges each. Protection of RC deck slab by patching
also involves 15.4% of the PCB bridges. The reason for these phenomena is the same as
RCB and RCS bridges mentioned above.

Figure 13-8 Rehabilitation Method for PCB Type Bridges

231 231 -

()Prestressed I-beam protection by injection
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{3)Prestressed I-beam protection by coating
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(8) Pretenstoned Inverted T-Beam Brldges aImn

The most' dommant type of rehabilitation for IT bridges, as shown in Rigure 13-9, is
deck slab profection by application of a water proof layer which involves about 66.7% of the
IT bridges. This is because the deck slab is quite porous with free lime. The next most
dominant rehabilitation plan for this type of bridge is protection of Pretensioned Inv-T beam
by patching at the spalled and ﬂakmg part of the soffit of beam Wthh involves 22.2% of IT
bridges.

Figure 13-9 Rehabilitation Method for IT Type Bridges

a0

i (1)YPretensioned Inv-T bcam protestion by
injection

{YPretensioned Inv-T beam protection by
patching

(3)Pretensioned Inv-T beam reinforcement by
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(4)Deck slab protection by patching

(5)Deck slab protection by water proof tayer
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(9) _Abutments TYPE OF REHABILITATION

The most dommant type of rehabilitation plan for abutments for all bridges in the
study, as shown in Figure 13-10 is abutment protection by mortar injection which involves
about 28.1% of the bridges. Rehabilitation by injection is required due to shrinkage cracks at
construction joints on abutment walls and at its joint with wingwalls. The next most dominant
rehabilitation plan for abutments is reinforcement of the damaged concrete material of the
abutment by partial concrete lining which involves about 17.07% of all the bridges due to
abrasion and acid or chemical attack. The third most dominant rehabilitation method for
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abutments is protection of the abutment foundation by revetments which constitutes 14,15% of

all the bridges,

Revetments is required because of serious scour at the slope of the abutment,

The forth dominant rehabilitation method is protection of the main body of the abutment by

guniting which involves about 13.66% of the bridges.

spalling of concrete surface, and carbonation.

This is mainly caused by flaking and

Figure 13-10 Rehabilitation Method for Abutments
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(1)Abutment protection by irjection

(2)Abutment protecuon by patchmg

(3)Abutmient protection by coating
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(8)Protection  of nbulmem foundation by
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protection
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The most dominant type of rehablhtatlon plan for piers in all the bndges as shown in
Figure 13-11, is reinforcement of the damaged concrete material of the pier by par’ual con-
crete lining which involves 9.27% of all the bridges.
attack on the rebar which has resulted in the rebar to corrode and expand, which in turn
causes the concrete to crack. The next dominant rehabilitation method is pier reinforcement
by total lining which involves about 6.83% of the bridges. Reinforcement of piers is re-
quired because of the seriousness of the crack, carbonation, chloride attack and loss of con-
crete matrix in the piers. The third most dominant rehabilitation method is pier protection by
patching which involves 5.85% of the bridges in the study. Rehabilitation by patching is
required due to flaking and loss of concrete matrix on the surface of the pier.

The distress is caused by chloride

Figure 13-11 Rehabilitation Method for Piers
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