4.6 Traffic Benefits and Losses
4.6.1 Baneafits and Losses
1} Benefits

Economic benefit of the conatruction of the new Krungthep Bridge or
Thonburi Road Extension is defined in this study as the savings  in
economic cost of vehicle operation and time values to passengers and
orews using the road network system between the cases of with the
project and without the project. This approach of looking at the entire
network rather than limiting to benefits to those accruing to users of
the Dbridge or the road is necessary because the changes in traffic.
pattern induced by the project will also affect non-users of the bridge
who share the same road space included in the paths of the bridge or
road users.

Ordinarily the economic benefit of an urban transport investment is
equated with the consumer surplus realized by the lowering of transport
cost (sum of vehicle operating cost and travel time cost) as shown in
Fig. 4.6.1., The reduction in travel cost is enjoyed by the existing
trip makers, resulting in the total amount of henefit accrued to the
existing trip makers as represented by the shaded rectangle. As the
trip cost is lowered, additional trips are induced. The total amount of
penefit accrued to these additional trips can be represented by -the
shaded triangle. When the road . network is well below its capacity and
unit travel cost is not affected by traffic volume, additional traffic
does not change the unit cost and, therefore, does not affect the amount
of benefit accrued to the existing traffic.

The situation is different where the road network is severely
congested as shown in Fig. 4.6.2. The unit travel cost increases as the
traffic volume increases in the range of congestion. When additional
network capacity is provided, the unit travel cost of the existing
traffic is lowered to the corresponding point. hdditional traffic
induced by the cost reduction, however, forces the unit c¢ost to
increase, reducing the amount of benefit to the existing traffic along
the way. The end result could be only a small amount of total benefit.

In this Study traffic between any origin and destination was
assigned onto the network only when there is still a reasonable route
with excess capacity as described in Section 4.5. The amount of graffic
which could not be assigned was explicitly calculated as the suppressed
demand. When the assignment is repeated with the improved network, the
amount of induced additional traffic can be obtained as the difference
in the suppressed demand. :

Benefit calculations in this Study were done taking the assignment
results including the induced (or released) additional traffic. - The
amount of benefit immediately after the opening of the bridge could be
higher since a higher amount of unit cost reduction to all existing
traffic under little additional traffic may result in a higher total
benefit. Such situation, however, would be short lived where additional
traffic comes from those hitherto suppressed, rather than from  those
generated, Therefore, the amount of benefit to existing traffic before
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the additional traffic induced was ignored in this Study, making its
benefit estimates conservative.

Traffic assignments were carried out for each of the three target
years of 1991, 2001 and 2011 with the gombination of origin. and
destination matrix and the network corresponding to various alternative
cases including the do-nothing case, the low bridge case and the high
bridge case. As far as the intersection ‘delay .or 1link delay is
concerned, the high bridge type and the low bridge type. with flyover
intersections are almost identical provided that the effect of the grade -
of the high bridge be ignored. The first stage of the staged
construction of the low bridge type, however, 1nc1udes no. flyovers or one
limited to a single movement and is not much dlfferent from the existing
situation in terms of intersection delays. For. each of "loaded" links
average speed and travel time including waiting time were calculated and
vehicle operating cost and time cost were calculated to be summed into
the network-wide total generalized total costs, which were: then divided
by corresponding total number of trips which could be assigned to yield
unit travel costs by case. The comparison between the do-nothing case
and each of the alternative cases produced the total amount of benefit.

The process described in the foregoing paragraph was repeated for
the morning peak period, the evening peak period, and  the off-peak
permd. Tt turned out that the difference in the total benefits of the
morning peak period and the evening peak period did not differ much.
Therefore, results for the morning peak period were taken to represent
all peak hours. Five times of the total hourly benefit for the morning
peak and 15 times of the total hourly benefit for the off-peak were
added to give the total daily benefit amount.

2} Losses

Economic loss due to the c¢losure of the Krungthep bridge, for a
period of time during construction, was estimated by comparing the total
economic travel costs of cases with or without the bridge.

4.6.2 Vehicle Operating Costs

Tn a recently completed report - Special Report on Review of the
Previous Study, Detailed Design and Environmental Impact Assessment of
the Second Stage Expressway 1in Greater Bangkok, May 1986 - vehicle
operating costs were developed for eight vehicle types at various  speed
levels, from 5 kph to 90 kph. Vehicle types for which operating costs
were estimated are: cars, motorcycles,. taxis, medlum buses, pikups,
heavy buses, medium trucks and heavy trucks. JICA;s Feasibility Study
on the Second Stage Expressway System in the Greater Bangkok, 1983, and
grPR's Internal Working Paper No. 6, Travel Costs, were the primary
information sources. The former was particularly valuable in that. it
utilized the results of actual fuel consumption surveys in urban
conditions in  Japan, ‘where vehicle types ad traffic conditions are
gsimilar to those in Bangkok. Price levels in May 1986 were used to
update the component prices and subsequently the operating costs.
Details are shown in Appendix 4.6.1,
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Tahle 46,1 Traftic Composition Projections

HMorning Peak Evening Peak Qff-Peak
1986 1?91 2001 2011 1986 1991 2001 2011 1986 1991 2001 2011

Motorcycles 26.9 28.6 26.3 231.1 24.6 26.2 24.1 19.3 24.5 25.8 26.7 21.3
Cars 45.0 43.5 46.3 S0.4 42.0 41.8 44.2 47.9 34.% 33.5 34,5 37.2
Taxis 13.1 13.3 13.0 14.2 14.1 14.4 14,0 15.2 17.6 17.9 16.9% 18.2
Pickups g.6 2.2 9.5 14.3 11.3 11.6 12.4 13.4 15.3 15.7 16.3 17.8
Heavy Trucks 0.7 0.6 0.5 0.4 0.9 0.8 0.7 0.6 2.5 2.2 1.5 1.2
Buses 5.8 5.2 4.5 3.6 6.1 5.4 4.6 3.6 5.4 4.8 4.0 3.1

Source: Computed by the Study Team from counts by JICA BMA Study-
Note: 1. Percentages do not add due to rounding.

2. 6B-wheel and 10-wheel trucks were assumed 55% and 45%
of Heavy Trucks respectively.

‘Table 4.68.2 Vehicle Operating Costs

Speed Car M/C Taxi Hed.Bus Pickup Hev.Bus Had.Truck Hev.Truck PCU pcu pcy
kph Hornlng 3vening Of £~
’ ‘Peak Peak Pank

g 3459 850 2453 4611 2518 10505 5645 73863 3447 3399 3268
io 30485 791 2167 3778 2252 3374 4668 . 5968 1025 2378 2856
15 2721 6385 1910 3z2s 1938 TOT6 1045 5221 2636 2534 2487
20 2471 617 1782 2885 1753 £327 3704 4774 2394 2352 22357
25 2282 568 1656 2654 1621 5834 3512 4521 2212 2177 2092
30 2142 522 1585 2479 1525 5482 3350 4310 20738 2047 1269
35 2040 513 1541 2375 1473 5261 3459 1188 1994 1965 1894
40 1355 495 1505 2288 1433 5090 31886 4092 1522 1895 1529
45 1892 482° 1481 2243 1404 4388 3166 3071 1871 1845 1785
50 1843 476 1473 2210 13990 4906 3139 4035 1338 1814 1758
55 1811 470 1468 22140 1374 43905 3136 4030 1813 1730 1737
60 1814 465 1468 2210 1364 4910 3141 4039 1813 1789 1735
65 1824 468. 1474 2248 1354 4919 3175 4085 1821 1796 1742
10 1827 458 1474 2305 1362 5050 3211 1136 1831 1807 1753
75 1840 472 1487 2369 1372 5145 3283 4235 184% 185 1771
2o 1859 480 1505 2477 1382 5291 3405 4398 1877 1854 1300
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For the purpose of economic evaluation average vehicle operaking
cost per passenger car unit was developed by taking weighted average of
vehicle operating costs by vehicle type with associated overall tyaffic
composition percentages. as shown in Table 4.6.1. Taking the significant
difference in composition by time of day into ‘account three sets of
traffic composition percentages were ‘applied to obtain average vehicle
operating costs for morning peak period, evening peak period and off
peak period. Results are shown in Table 4.6.2. : :

4.6.3 Time Values

Time value of passengers and crews using the road ne'tw_ork' by :each
vehicle type developed by the aforementioned Special Report were
examined  and adopted in this study. Details are shown in Appendix
4.6.2. Values for future years were increased to reflect increase in
per capita income in real terms. . Table 4.6.3 summarizes the resulting
values of time for each vehicle type and for each target years. Time
value per passenger car unit was- developed in a manner similar to VOC
per PCU and are also shown in Table 4.6.3. :

Table 4.6.3 Passenger and Crew Time Values

{in Baht per vehicle hour at 1986 prices)

Vehicle Type 1986 1991 2001 2011
Motorcycle 7.6 8.7 11.7 15.7
Car "18.6 2L.2 28.6 38.5
Taxi 35.5 40.5 54.7 73.5
Pickup : 34,4 39.2 53.0 71,2
Truck 27.3 31.1 42.0 56,5
Bus 259 296 399 537
PCU {morning peak) 56.7 61.8 75.6 90.5
(evening peak) 58.1 62.9 76.% 91,2
(off peak) 55,2 59.9 74.4 89.8

Source: Special Report SES Detailed Design and Study Team

4.6.4 Development Benefit

In the case of the Thonburi Road Extension, induced population
increase was estimated, which resulted in higher traffic demand
estimates for directly affected zones. Therefore, development benefits
can be quantified in the form of a higher road user benefit.

No development benefit, however, was taken into account for the
construction of the New Krungthep Bridge.
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CHAPTER 5
NECESSITY OF NEW KRUNGTHEP BRIDGE

5.1 Ev‘aluation éf the Existing Krungthep Bridge

_ The geogrdphlcal locatlnn of the existing “Krungthep Bridge is at
1304055 North Latitude and 100931'05" East Longitude.

This exlsting brldge is a 450.3-meter long bridge cr0551ng over the
Chao Phraya River, and connecting Sathu Pradit District in Bangkok side
and Rat Burana District in Thonburi side. It hs a 60.0 meter bascule
span in its center to allow ships passing on the river.

. The brldge, whlch has a 1l.5-meter wide carriageway and 2.5 meter
sxdewalks, is used as a 4-lane highway brldge.

. _As rapid increase in traffic volume on the bridge is expected,
enlargement of traffic capacity of the bridge is desired.

: The Study Team conducted an evaluation of the structural soundness
the ex;stlng "bridge in’ order to determine the possibility of the
enlargement of traffic capacity. A similar evaluation of the bridge was
made by JICA from 1981 'to 18982, Afterwards, PWD executed the
rehabllltatlon work of the brldge in 1984,

o Therefore, the present strengthened state of the bridge after the
rehabilitation, as shown in Fig. 5.1.1 was taken into consideration in
this study.

5.2 History ofﬁthe Existing Bridge
. The Study Team interviewed Dr. Charcoon Rojwithya, Road and Bridge
' Section, Construction Division of PWD, about the history of the existing

. b;ldge. The “history of the bridge as known through the interview is
summar ized in chronological order below.

Aggust 1954 to June 1959

The existing. Krungthep Bridge was constructed to facilitate vehicle
transport over the Chao Phraya River between Bangkok and Thonburi

- districts.,

 Details of*thé'cdnétruction were as follows:
- CdﬁétructionVCost ©: P31.9 million
-- 'T0tal'Bridge Length @ 450.3 m
';_ Coﬁposition 6f'-

'Carriagéway & Sidewalk : carriégeway = 12.0 m {4 lanes)
A sidewalk 2@2.5m

I
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General View of Existing Krungthep Bridge
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- Vertical Clearance : 7.5 m above MSL

"

4 nos of 24.5 m long PC composite beams

~  Superstructure
E {I-Section)

4 nos of'64.0 m long steel truss girders

L no of 60.0 m long (dlear spén) steel
bascule'bridge

- 'Substructure

-

2 nos of oval type open caisson plers
(Supportxng bascule bridge)

4 nos of wall type piers with concrete
piles (Bupporting PC composite beams)

2 nos of stub abutments with concrete
piles (Supporting PC composite beams)

180.55 m
127.7 m

.- Approach Road Bangkok side

Thonburi side

ihn

October 1979

- PWD appolnted a Thal Consultants - Sri Sathaporn Ltd. - for the
bathymetrlc survey of all bridge sites along the Chao Phraya River in
ordér to clarify the riverbed profile., From the results of the survey,
scour around open caissons supporting the bascule bridge was observed.

1981 to 1982

Accordlng to the survey results in 1979, PWD tock a cou1termeasure
to protect pier foundations against scour by plac1ng stone pitching
around the caissons. '

1981 to March 1982
in parallel with stone pitching works by PWD, JICA carried out
technical studies on strengthening and rehabilitating the Krungthep and

Krungthen bridges which had been suffering from serious deterioration by
rapld 1ncrease 1n traffic volume and in vehicle weight.

._In that study , the.JICA study team recommended PWD to carry out
‘repair work for the deteriorated elements such as RC slab deck, steel
truss members damaged by cars, and others.

January 1984 to October 1984

BWD prepaced. detalled drawings for rehabilitation of the
'supérstructure based on the JICA recommendations, then completed the

rehabilitation work in 1984.

Major 1tems of the work were as follows:

- Replacement of the RC decks w1th.
. 16 cm thick slab for steel truss glrders



+ 18 cm thick slab for PC composlte beams

However, the thickness of decks on the steel hascule brldge was’
not increased.

~ Change of: carrlageway width by prov131on of new kezbs-

+ Steel truss girder : 11.5 mi
+ 8Steel bascule girder : 12, 65 m’ (wlthout kerbs)
+ PC composite beam “1l.5 m

~ Repair of ccrrcded“steel'members 
- Repair of damaged members by cars

The total cost of the rehabllltatlon works was B 14 4 ‘million..

5.3 Site Surveys

Site surveys were conducted on the’ exlstlng Krungthep Bridge in May,
1986 to obtain data necessary to supplement the previous study prepared

by JICA in March 1982,

At first, visual 1nspect10n was carrled “out for both superstructure
and substructure., Subaequently, the following fleld tests were

completed.
5.3.1 Compressive Strength Test of Concréte

Schmidt Hammer test was made on the eYLSthg ccncrete surface of PC
composition beams and piers in order ‘to estlmate thelr compre351ve

strength.

The testing prdcedure followed the “Guldellnes for Schmldt Hammer
Test adopted by Japan Soc1ety of Archltects

The test results are shown in Appendlx 5.3. 1.

As result, the ccmpre531ve strength and allowable st:ess, Ktc 'be
applled in the sktructural evaluation in the Study were obtalned as shown

in Table 5.3.1,

Table 5.3.1  Summary of Schmidt Hammer Test

7Uni£if'ﬁgfjcm:-°

'Compr9351ve ' Allowable
_ A Strength  Btress
PC Composite Beam 405 e 135
Pier 295 . 95
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.3 3 2 Alkahmty Test

_ It 13 well known that the alkalxmty mherent in concrete becomes:
neutralized gradually year by year. In order to clarify the depth to
~which the concrete guality had already neutralized, alkalinity test was
K carried out by using.l% phenolphthalem solution..

‘The test results are shown in Appendix 5.3.2 and the maximum depths
neutrallzed are .as summarlzed in Table 5.3.2,

Table §,3.2 Summary of Alkalinity Test

" Max. Depth Neutralized

PC Composite Beam 1.0 cm from concrete surface

RC Pier 1.8 cm from concrete surface

5.4 Strﬁctural Evaluation

- ' As meritioned: in-the preceding Section 5.2, stone pitching was placed
around-piers in 1982 to protect foundations of piers against scour, and
the rehabilitation of superstructure was completed in 1984,

The Study Team carried out a structural evaluation of the preSent‘
Krungthep  Bridge ~ taking into consideration the  abovementioned
engineering evidence obtained through the past reinforcing works.

5.4.1  Loading Applicable to the Evaluation -
1) Dead Load

‘The - thi_._ckness. of RC slab deck -was increased during the
rehabil-it’at_ion work in 1984, from 12 ¢m to 16 cm and from 16 cm to
18 cm_,_' for steel truss girder and for PC composite beam, respectively.

. The increased dead weight was calculated fox structural analysis and
the induced stressess were incorporated to those in the previous JICA
study report of March 1982, :

'2) L:Lve Load, Impact and Sidewalk Load

e The exlsting Krungthep Bridge was originally designed on the basis
__-of 29,25 ton Tractor ~ Truck loading stipulated in the Specifications of
the Government of the Kingdom of Thailand. Live load intensity of 29.25
ton Tract:or ~ Pruck - loading is nearly equivalent to that of HS-15 and
PL-16 in . AASHTO (the American  Association of State Highway and
s "I"ransporta_tion" ) :Offidials) and JRA  (the  Japan Road Association)

standards, respectively.
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On the other hand, the bridges planned for the Middle Rihg Road are,
at present, to be designed based on HB-45 unit -load in BSI (British
Standards Institution) which is established for the 120-year probability
loading in UK. From the results obtained in the previous study report
by JICA, it is obvious that the existing Krungthep Bridge has quite a
substandard superstructure to bear such a heavy vehicle load as Hg~45
unit,

From the traffic survey made in April to May 1986 it appears that
the vehicle models passing over the existing Krungthep Bridge in
Thailand are very similar to those in Japan at present.

In this respect, the Study Team considers.it necessary to take into
consideration not only HB-45 unit in BSI, but also TL~20 and HS-20
prevailing in bridge design in Japan and USA at present, respectively,
in the succeeding structural analysis.

The live load, impact and sidewalk load considéred in this study are
as follows:

BSI Standards

- Live Load . (HB-45 units & HA oad) x 1.1%/
- Impact Fraction : included in live load

-~ Sidewalk Loading: 3,485 Pa (0.355 t.€£/m212/ ... Truss Gr (L=64m)
4,715 pPa (0.480 t.f/m2) ... Bascule (L=34mx2)
5,000 Pa {0.510 t.f/m2) ... PC T-Beam (L-24.5m)

JRA Standards

- Live Load : TL - 20
- Impact Fraction : i=_—...2¢—0-———-....".°°,....." Steel Gr
: 50 + L _
i= gazg—i vesscssesssrscsss PC T-Beam
: {for T-Load)
i='5;?2-_?—__L.---o--o.vq.vo--- PCT-Beam
. (Sor L-Load}

- sidewalk Loading: 3.430 Pa (0.350 t.f/m?) .... All Bridges

AASHTO Standards

- Live Load : HS - 20 _
. . 15.24 ' - s
- Impact Fraction : 1 = T5 7= ccoseesssransress For all bridges

L+ 38 . {Max. = 30%)

As Structural analysis is made based on the service loaa-&esign.
method, the live load HB-45 and HA are multiplied by -1.1  for
Loading Combination - 1 in BSI. . - - S S

N

2/ : Unit = 8I unit (Metric unit)
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- Sidewalk Loading: 1,980 Pa (0.202 t.f/m?) ,... Truss Gr {L=64m)
o 2,544 Pa (0.259 t,f/m2) ,... Bascule {(L=34mx2)
2,873 Pa (0.293 t.£/m2) ,... PC T-Beam (L~24.5m)

3) Forces Considered Substructure Evaluation

- In addition to the above (i) and (ii), the following forces were
taken into consideration in the evaluation of piers.

- Stream Current Force:

P =515 K.V ..... based on AASHTO Standards

where :
P : pressure by stream current (Pa)
Vv : water velocity {m/s), being 2.0 m/s
K ¢ a constant, being 2/3 for circular piers
{(open caisson)

- Buoyancy

- TBarthquake Force
BQ = 0.05 W
where '
FQ : horizontal force applied at the center of gravity

of the structure (itf)
W : dead weight of the structure (tf)

54.2 Superstructure,
1), Stresses by Respective Live Loads

The existing bridge is composed of steel truss girders, steel
bascule girders, and PC composite beams. Stresses in the respective
girders or beams were calculated based on the service load design method,
so called allowable stress design method, for the three different live
loads as specified in BSI, JRA and RASHTO.

The details of this calculation are shown in Appendix 5.4.1 and the
results are summarized below:

a) Steel Truss Girder

The total stresses, caused by the existing dead weight and HB-45
anit live load . (BSI), were estimated to be over their allowable

limits in all members of steel truss girders.

'For'example, the excessive stress of main chord was estimated at
233 of its allowable limits, and those of stringer and diaphragm

. were 75% and 30% respectively.

However, the live loads to TL-20 (JRA) and HS-20 (BASHIO) were

judged acceptable to all the members of ‘the existing bruss

girders.



)] Steel Bascule Gixdex

As same as in caSe of steel glrders, khe total stresses caused by .
the existing dead weight and HB-45 unit live load were estimated
to be larger than allowable . stresses .in. all members,  Such
oxcesgsive stresses were 48% of the a]lowable limits in the main
glrder, 45% in the stringer and 32% in the diaphragm. .

However, in case of the TL«EO or HS—ZO llVe load, the total
stresses were estimated to be within the allowable in any of the

members.

¢) PC Composite Beam

The total flber st:esses of the main beams, cauSed by the existlng
dead weight and HB-45 unit load, exceed. the allowable stresses
both in the tension and compressxon sides, while those by TL-20 or
H5=-20 live load were thh;n the allowable stresses.

2) Residual Life of Superstructure Affected by Natural Condltions

Residual life of structure is affected not only by llve load but
also by natural conditions,

As the structural studies related to 11ve “load ~has been already
discussed in the preceding Section (1), the resldual 1ife as affected by
natural conditions given the construction. materlals used in Thalland, is
examined hereinafter. . However, the . residual life of a steel. bridge
cannot be analyzed in precise quantitative terms, because it depends
much upon the anti-corrosive painting work in the future. e

In this respect, only the residual life of concrete, PC composite
beams, is studied hereunder.

The estimation of residual life of concrete in PC comp051te beams
was made by adopting the follow1ng relationshlp .

. x2d/
£ = ——
R2
‘where, t : time expended on the concrete

neutralization (Year)
k : constant, beinyg calculated as:
0.3 (L.15+3w)/{w=0.5)
water cement ratio
constant related to the concrete materlaln

W
R
p:4 depth of concrete neutralized’ (cm)

FTREE LY

It should be noted that the constants in the above equation were
determined ‘based on the gevere natural conditions and construction
materials produced in Japan. : ' - E

1/ s Report wgeutralization of Concrete Affects Corrosion of
Reinforcing Bar" by Minol HAMADA Cement Concrete, No. 272, 1969
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In order -to adopt the appropriate constants in Thailand, the Study
Team extracted the data obtained in the field test by phenolphthalein as
mentioned “in Section 5.3 of this chapter, and the fraction of k/R
- obtained was as follows:

k
R = 86,5

_ Hence, the residual life of concrete, which is affected by natural
conditions, is estimated to be:

C
o= > (b2 - a2) = 86.5 (32 - 12) = 690 years

where, T : residual life of concrete (year)
D : concrete cover {(cm) = 3 cm
d : max. neutralized depth of concrete at the field

“survey (em) = 1 cm’

Therefore, no problem is anticipated as far as the neutralization of
concrete quality in superstructure is concerned,

3) .Present Conditions of Center-Lock-Key of Steel Bascule Girder

As discussed in Section 5.2, the rehabilitation of the existing
bridge was completed in October 1984.  However, a large amount of
" maintenance work has been carried out continucusly by the staff of the
PWD maintenance office for the center part of the bascule girder, i.e.
the center-lock-key and expansion joint of the present bridge.
Distorted. bushes in the center-lock-key have been replaced -every 6
months, and expansion joints which are made up of several mechanical
components have been repaired every 3 months or so.

_ The present bascule girders are considered to have the following
problems:

.- As. the stringers at the center of bascule girders are not
longitudinally continuous; the deflection of bridge decks on
loaded span differs from that on unloaded span. Such a different

- deflection is estimated at 14 mm for the live load TL-20, which
may - cause serious vibration of bridge decks during passing of
vehicles.

- =~ 9Thermal movement of bascule girders may cause a significant shear
stress in the center-lock-key which follows the damage of bushes
when - the center-lock-key does not have a sufficient longitudinal
clearance to allow for the thermal movement,

4) Superstructure Evaluation
. As.a result of the above study, the following was concluded:

- All fhé-superstructures; i.e. steel truss girders, steel bascule
bridge and PC composite beams, have insufficient capacities to
carry such a heavy live load as HB-45 unit in BSI.



- As for the live loads of TL~20 specified in JRA and HE-20 in
AASHTO, either of TL-20 or HS-20 1is applicable to steel truss:
girders ad PC composite beams. .

-~ As far as the neutralization of concrete qhality in super-
structure is concerned, no problem is anticipated. :

54.3 Substructure
1) Stability of Piers for Steel Bascule Bridge

Stability calculation was made for the piers for steel bascule
bridge using the following assumptions which were adopted in the similar
projects along the Chao Phraya River.

- Formula for estimating scour depth:
(Source: Detalled Design of Rama VI Bridge)

DS = 0.6 xB=x 2
where, Ds : scour depth {(m) _
B : width of the pier {(m)

- Watex velocity for estimating stream current force:
{Source: Detailed Design of Rama VI Bridge)

v =20 m/s

-~ Subsoil condition: : : :
{Source: Detailed Design of Watsai Bridge, Final Report) =
N-Value of SPT = 20 to 30, at the depth of -_22,0 m from
(at bearing strata) MSL (foundation elevation of caisson)

- Riverbed Eievatioh: =17.0 m from MSL
(Source: Report of Bangkok Bridge Survey)

The type of foundation is actually open caisson, but the fraction of
(Df: rooting depth of foundation) / (B: foundation width) is. 5/13.
According to the article 5.2 of the Specifications for Substructure
Design of JRA standards, the structural system of caisson shall -be taken
as spread footing for stability analysis in case that the fraction of
Df/B is less than 1/2.

Therefore, the calculation was made as spread footing and the
results are summarized in Table 5.4.1.
2) Residual Life of Substructuré Affected by Natural Condition

The same procedure as in the preceding'Section:5;4.2 was appliéd'in
determining the residual 1life of the substructure as far - as the

neutralization of concrete quality is concerned. It was found that the
substructure has a sufficient length of residual life as well.
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Table 5.4.1

Summary of Stahility of Pier

. Earthquake
N
ormal Time (K = 0.05)
. e 0.97 m* l.86 m
Overturning

ea 2.07 m 4.13 m
H ¢t 438 tf

8liding
: Ha 420 tf 470 tf
Ground v 4,380 tf 3,984 tf

Reactio
eaction gy, 4.600 tf 4,200 tf

Note: * ,.... In

is.

3) Substructure Evaluation

As a résult of the above study, the following were concluded:

The stabiiity of bascule piers was confirmed on the condition that
no scour would occur to the depth of -22.0 m MSL on which the caisson

was founded. -

As far as the neutralization of concrete guality in superstructure

case that the bascule bridge

drawn up.

and suvbstructure is concerned, no problem is anticipated.
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55 Strengthening Possibility

it is conflrmed, from the preceding subsection 5.4 that the extstlng
bridge can bear elther the live load of HS-20 or TL~20.

Strengthenlng of the existing bridge to w1thstand the live load of
BSI HB-45 unit is dlscusqed below:

1} Steel Truss Girder

The exlstlng slab deck is of 16 cm thick RC slab type. ‘The dead
weigh of slab deck can be reduced by use of a orthotroplc steel deck
plate instead of the exlstlng RC slab :

The total stresses caused by the ex1st1ng dead wemght and HB ~45 unit
live load in the upper and lower. flanges of the main girders were
estimated at 23%, which exceed their allowable limits.  Such over
stresses can be mitigated by replacing the existing RC slab ‘with the
orthotropi¢ steel "deck plate to reduce the deck welght. ~In this case,
the closed rib type (or so called through type) of orthotropic steel
deck is deemed appropriaté to increase the bearing capacity and
structural rigidity against the heavy live load of HB-45 unit.

As for the floor system consisting of str1ngers and sway bracings,
the existing members can be replaced by new members which are désigned
against HB-45 unit load. These new members can be connected to the
existing lower chords of the main girders by using high" tensile strength
bolts. 1In this strengthening work, indiscriminate. field welding has to
be avoided because of the original quality of the existing steel
materials, which is thought unreliable for welding use. In short, the
existing truss girders are judged possible to be strengthened.

2) PC Composite Beam

As the total stresses by the existing dead weight and HB-45 unit
load exceed the allowable stresses both in the tension and compression
sides, no appropriate strengthening method is recommended.

Therefore, new prestressed concrete composxte beamg, of which
sections are to be so designed as to bear HB-45 unit load, are - Judged
necessary to be constructed instead of the existing prestressed beams,

3) Bascule Bridge

The total stresses of main girders, induced by the existing dead
weight and HB~45 unit live load, were estimated to exceed the allowable
stresses by 21% and 48% in the top flange and hottom flange,
respectively.

The existing slab deck is made of steel deck and the reduction of
dead weight like in case of truss girder as mentioned in subparagraph
1}, cannot be expected.

Further, the increase in dead weight is inevitable due to the stress
requirements of slab decks, stringers and diaphragms agalnst HB-45 unit
load.
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It t?e existing br}dge is strengthening to withstand the live load
HB-45 unit, some additional plates, about 20 m in length, are required
to be fixed both on the top and bottom flanges of main girders.

The existing steel materials, produced in the 1950s, are generally
- thought: unreliable for welding use. No field welding can be applied to
strengthen the tension stress of the existing main girders especially in
the: flanges, lest the original quality of the existing steel should
degenerate to a point of fatique failure. 1In case of strengthening the
existing main girders by means of high tensile strength friction bolts,
tightening work. is Judged practically impossible owing to the
insufficient working space between two web plates of the existing main
girders. - ' -

From the above, the strengthening method for bascule girders, as
long as the bridge is used as a movable one, is judged practically
impossible.

However, if the existing bascule girders are to  be fixed
- permanently, the bending moment will be substantially mitigated and the
existing main girders can be used with only minor additional - work.
Envisaged additional work consists in i) changing the girder center from
“hinge to rigid system by installing connection members, ii)  increasing
-the ' countér -weight = by adding cast~in-place concrete, and 1ii)
strengthening - the floor system by installing additional stringers and
diaphragms.

4) Strengthening Plan

From the above discussion, the following plan is recommendable in
order to withstand HB—-45 unit load.

a. Members of the steel truss girder can be strengthened. with
additional 2,100 tons of steel, which are mainly to be used for
replacing RC slabs by orthotropic steel decks and stringers and
cross beams.

b. Bascule girders cannot be strengthened unless they are permanently
fixed. I1f they are to be permanently fixed, the center-—lock-key
can be strengthened by adding truss frames at both sides, in the
_gsame way as applied for the Memorial bridge. Counter weights will
have to be attached in the operation chamber. Additional steel
members of about 120 tons and concrete of about 35 cubic meters

will be reguired.

¢. The approach PC girder bridges will have to be reconstructed.

5~13



8.6 Future Utlllzatlon of ‘the Existing Bridge

Th'e evaluatlon ~of  the - exlstmg Krungthep br.idge was -~ already.
dlscussed in the prQCedlng Sectlon 5.5 as summarlzed below._

- The carrlageway width is 12 0 m belng used as a 4 lane bridge-

- . The center—lock key of bascule qlrders ig’a weak po;nt requirlng
PWD to. carry out vepair work which: w1ll Gause- intecuptlon of the
trafflc on the bridge for a few days every 1ear, . :

=~ The structural strength of the ex1st1ng brldge is not enough tc

" bear ‘the live load specified -in HB- =45 unlts and HA load which are

standard loads for bridges in Thailand. However, it is enough for
the 11ve 1oads of “TL-20 or HS~- 20, e Tl T :

Accordlng to the above understandlng from the . structural view po1nt,
it is possible to utilize the existing bridge for.- two {2) or three (3)
lanes w1th due consideration of vehicle load control :

5 7 Necessny ofa New- Krungthep Bndge

For expan51on of trafflc capa01ty at the exlstlng Krungthep Brldge,
it is concluded ' that  the construction of ‘a New' Krungthep Bridge is
fundamentally necessary. -~ The scale and type of a new brldge ;'
discussed in Chapter 8 herelnafter.
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- CHAPTER 6
NAVIGATION REQUIREMENTS FOR THE BRIDGE

1 'Inﬂodﬂcﬂbn

In Bangkok, where river banks are only one or two meters above the
‘water surface, the distance ‘between the river water surface and the
bottom of the bridge superstructure is determined by the'nav1gational
vertical clearance. Thus the determination of navigational clearance is
a crucial factor as the construction cost is very much dependent on the
helght of  the brlﬁge. Prellmlnary' calculations shown in Section 8.4
1ndlcate that the difference in construction costs between bridges with
navigation clearance of 7.5 m and 34 m is more than 75% or 260 million
Baht ln the case of a 4-lane bridge,

The exlstlnq Krungthep Bridge is of bascule type and therefore does
not put constralnts on the height of passing ships. The opening of the.
bridge id done once or twice a day at 6 am or 9 am or 3 pm by the staff
of the PWD maintenance office located at the foot of the bridge in
Bangkok 5169 upon request made by ship operators during the office hours
of - the precedlng day. The operation is free of charge to ship
operators. -

' Although the nunber of opening. has been reduced frcm1 four to: two
times or once a. ‘day, the operation is still almost daily. In the
following sections .are examined various ship movements, possible
restrictions on them and their implications. '

6'.._2_ Historical Background

_ Bfidgég over the Chao Phraya River have been constructed one after
the other after the World War II except the old Memorial Bridge. Table
6.2.)1 'lists the br1dges in the descending order £from the upstreammost
ones.

: The problem of p0551ble conflict with ship movements similar to this
progect arose -in several occasions. The most recent case, the
construction of .the Wat Sai Bridge by ETA, resorted to setting the
clearance at 41 m above the maximum mast height. The clearance of 41 m
was- given: by the Harbour Department as the necessary height for the
‘tallest ShlpS found in their pilotage records, The Port Authority of
Thalland demanded that the water area under Wat Sal be sufficient for
1arge frelghters to turn around. Their demand was ‘eventually approved
'bY an lnter"agency committee which met five times in 1983,

When 1t was declﬂed o construct the Wew Momorial Brldge,.the Navy
Shlpyard located upstream of the: bridge was moved to a site at the river
~wouth, The bascule portion of the old Memorial Bridge was permanently
closed and the New Memorial Bridge was constructed with a clearance of
5.3 'm abhove the High Water Level (HWL).



Table 6,2,1 Bridges Over Chao Phrayo River

Number of Year of

Bridge Lanes Opening Clearance  (m)
(Exom, HWL)
1. Pathumthani 2 1984 5.8 '
2. Nonthaburi 2 1955 5.5
3. New Nonthaburi 4 1985 5.4
4., Rama VI 2 1951 7.6
5. Krung Thon 4 1955 5.5
6., Phra Pin Klao 6 1973 2.0
7. Memorial 4 1932 5.5 (Original Bascule)
8. New Memorial 6 1984 5.3
9. Sathorn 6 1882 10.0
10. Krung Thep & 1955 5.5 {Bascule) :
11. Wat Sal 6 1987 41.0 (Under Construction)
12. MNew Rama VI 6 1991 5.5 - (Plan) '

There were a mooring area and- a ship repair yard upstream of the
Sathorn Bridge along with minor shipping facilities. The mooring area
was closed and at the site of the ship repair yard now stands the
Shangrila Hotel. The decision was made by PWD following recommendations
made by a committee headed by a Chulalongkorn University faculty member.

The number of ships using this part of waterway has been declining
primarily due to the losing competition with trucks, not much due to the
above mentioned waterway closures. The Harbour Department's policy of
discouraging shipping activities .in this part of the river on
environmental grounds has helped this tendency. Any loading/unloading
operation of ships of more than 500 gross tons is required to obtain an
official permit from the Department and none has been issued in recent
years. '

The cold storage near the Sathorn Bridge had often been supplied'by
large fishing boats. When another cold storage was opened at Pak Nam in
Samut Prakarn, however, movements of £ishing boats have largely been
reduced. ' - :

The maintenance office at the Krungthep Bridge has been keeping
records of passing ships. Because of the fagt that multiple ship
passings are often recorded only with the name of the first ship alone,
their records show Figures lower than ‘actual ones, probably in the order
of 10 passings per month. Nevertheless the declining trend is clear in
Fig. 6.2.1 showing the 12-month moving average of monthly ship passings’
since 1981. It seems, however, that the decline has leveled off since
last year. Detailed month by month changes are presented in Appendix

6.2.1.
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6.3 Ship Activities Upstream of the Bridge
1) Major Activities and Ship Height

It was possible to classify all ships recorded in the log book of
the PWD maintenance office. at the Bridge by means:@of ship nanes.
Agsistance provided by the maintenance office staff and the  Harbour
Department concerning this matter is greatly appreciated. The height of
mast top from the waterline of each ship was then obtained from each of
the agencies or companies concerned as ship registration records kept by

~ the Harbour Department did not include the mast height. The mast top

heights of all. recorded ships were also estimated by the maintenance
office staff. relying on their memory of the visual impression of the
difference between the mast top and the top of the opened Bascule bridge
deck. The estimate height, however, turned out to be consisteritly
higher than actual probably because of the parallax caused by 1ooking -up
the mast top .from below. The average difference and. the. standard
deviation were calculated against those records for whlch actual mast
heights were available. The resulting average was . 3.6 m and the
standard deviation 2,6 m, For those ships for which actual mast helghts
were not available, the mast height figure estlmated by the malntenance'
staff was reduced by 1 m, the average difference less the standard
deviation, to give conservative estimates.

‘Table 6.3.1 shows the number of ship passings c¢lassified by ship
operator and by  mast height. Actual numbers could have. been
significantly higher than those shown because of the single record book
entry in the case of multiple ship passings as mentioned in _'the
preceding section. Nevertheless, the general picture can be drawn from
these tables. :

Table 6.3.17  Number of Ship Passings

Total for Jan. 1984 through Apr., 1986

Owher/Magst in m -1 -12 -14 -16 -18 -20 -~22 -24 -26 -28 ~-30 30 HA fTotal

Havy 450 12 17 3l 13 12 6 S 11 5 2 O 5 159
Harbour Dept. 0 0 i S 7 2 i 0 0 0 0 0 g 19
Pisheries Dept. 20 40 9 9 G 0 ¢ 0 0 ¢ 0 0 2 11
Marine Police 3 ¢ 14 0 2 0 0 0 0 0 0 0 4] 19
Customs Dept. G 0 1] 0 3 0 0 0 0 0 0 0 } 4
Port Authority 0 0 3 0 0 0 0 0 -0 0 5 4] 0 8
_ EGAT ©o o o o o o 7 0 0 0o 0 0o 0o 7
Private Tankers 0 o 3 0 2 1 24 18 o 0 ] 0 2 5C
Harin Co. 0 0 5 53 24 0 0 Q g 4] 0 0 9 91
Shaw Wanakit Co. ] 0 6 34 13 o 0 ¢ 0 0 "0 0. 0. 47
Other Private ] 113 0 26 10 1 8 [+ 6 -0 0 5 64
Fishing Boats o 19 13 0 ¢ 4 0 8 0 0 0o © 2 38
Hot Known ¢ 4 10 2 15 3 1 0 0 0 0 0 8 43
Total 63 786 88 125 105 32 43 31 11 5 7 [¢] 34 620




 The majority of ships coming upstream of the Bridge are for repairs.
faple 6.3.2 compares the number of ships passed under the Bridge as
obtained by dividing the number of passings by two and the number of
ships repaired. Due to the under-recordlng at the Bridge the number of
ships for purposes other than repairs ‘turned out to be only 25% of the
total.

Table 6.3.2  Ship Movements for Repairs and Other Purposes

- {1985)
Other .
Navy Gov. Priv. Total
A, Number of Ships Passed
under Krungthep Br, 44 31 66 141
B Bangkok Dock Repaired Ships 21 ( 4) (18) 43
' L 22
C. Harin Co. Repaired Ships - { 6) (24) 30
D. B.L.L. Co. Repaired Ships - {9 (1) 10
B. Repair by Mooring 23 NA NA 23
F. Balance A ~ (B4+C+DHE) 0 12 23 35
G. F/A (%) 0 39 35 25

‘Note: Figures in parentheses are estimates.

2) Bangkok Dock Co., Ltd.
The Dock is located just downstream of the Taksin (Sathorn} bridge.

Baﬁgkok Dock Co,, Ltd. is a State Ehterprise, of which the largest
shareholder is the Ministry of PFinance. The management of the Dock is
under the control of the Navy, which belongs to the Ministry of Defence
(MOD) .

Customers for repair and maintenance are approx1mate1y 20% from the
private industry and 80% from the governmental agencies such as HD, PA,
Marine Police, Customs Office and the Navy. Navy ships accounted for
50% of the total. The Navy has Thai Navy Dock for itself at Pomprachul
near the mouth of the Chao Phraya river since 1981,

The facilities of the Dock are No. 1 Ary dock of 3,000 GT, No. 2 dry
dock of 4,000 GT and a slipway of 110 m, where about 400 skilled workers

are working.

. Records of ships repaired in recent years are summar ized below.
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Table 6.3.3 Ships Repaired in Bangkok Dock.

Height of
- mast {m) :

Year | 10 -12 -14 -16 -18 ~20 ~22 -24 ~26 ~28 -30 fTotal
1083 Navy Ships 7 1 1 14 2 1 0 0 1 0 3 30
Other Ships o o0o.3 12 5 1 6 4 2 0 0 33

1984 Navy Ships ‘1 1.0 6 4 2 2 2 21 .0 23
Other Ships 0 o0 1 0 3 2 9 5 0 0 1 21

logs Navy Ships 2 2 0 3 4 4 0 1 6 2 o0 24
Other Ships G 1 16 1 3 2 3 L 0 0- 1 22

Navy 10 4 2 2310 7 2 3 9 3 5 71

total  other 0 1 4 13 11 5 18 10 2 0 2 - 76
Total 105 16 36 21 12 20 13 i1 3 7 153

3} Private Ship Repair Yards

Harin Ship Building Co., Ltd,

ThlS company is an arm of the Harin Group which operates coasters
from Bangkok to the South. Their slipway is located midway between the
Krungthep and the Sathorn Bridges and capable of accommodating vessels
up to 90 m long or with mast height of 24 m,: The company. ‘currently
employs 100 workers and is the largest and well equipped among private
sthyards in this area. :

Last year this shipyard repaired about 30 vessels, all of which were
with masts of 15 m high or more. Some 80% were privately owned ones and
mostly tankers. The rest were government vessels.

The management sees to tendency for larger vessels and, therefore,
claims that a navigation clearance of 25 m would be sufficient for not
altering their operation.

Last year the company inaugurated a new BOI promoted shlpyard of
2000 gross tons capacity adjacent to. and downstreanl of the existing

Krungthep Bridge.

Mast heights of ships owned by the Harin Group are as follows:

Ship Name _ ' Height {m)
Harin 2, 3, 5, 11, 23, 31, 37, 46, 48 - 15
Harin 20, 44 16
Harin 54, 56 17
Harin 1, 8, 59 - B - 18



" The B.L.L. Shipyard Co., ttd.

 This cdmp'a'ny is located adj'acent to the Harin Ship Building Co.,
Ltd, and owngs one slipway capable of accommodating vessels up to 50 m
long ‘and an another sllpway for vessels up to 30 m long.

‘ In 1985, 33 ships were repaired on its slipways, among which 10
ships were of: sizes requiring the opening of the Bridge. Most of ships
were government vessels, Because of the limited capacity of the
‘slipways ships which came to this shipyard had masts of 16 m in height
~at the most.

‘4) “Marine’ Fisheries Division, Fisheries Department

Marine Fisheries Division of the Fisheries Department is located
behind the piler belonging to the Fish Marketing Organization - (FMO) at
89/1 Soi Supan Plu, Yanawa, about one hundred meters downstream of the
Bangkok Dock. The pier ig& not used for unloading of Eish for FMO any
more, but as a base for research vessels of the Division. (Fishes are
entirely transported to FMO by trucks from various parts of the
country) .

The Division has a considerable fleet of research vessels
‘distributed among fisheries stations in many parts of the country along
the Gulf of Thailand, among which s8ix use the pier beside the
headguarters as their base. Vesgsels are used in rotation and on an
average 2 vessels are dispatched every month for the survey of fishery
" resources in the Gulf for a period of two to three weeks at a time.

Sizes of the ships belonging to the Division headquarters are:

- Name . ' Length (m) Mast Height (m)
Pramong 9 26 9.4
Pramong 4, 5, 2 and 11 23 11.0
Pramong 1 . 27 12.1

Movements of all the above vessels require the opening of the
Krungthep Bridge. Pramong 1 has rarely been used because of high
operating costs and low budget. A division official stated that a mast
height . of . 11 m could be considered the practical maximum for the
activities of the Division.

Off—shore fisheries research vessels belonging to the Fisheries
Explorat1on Division occasionally come upstream of - the Krungthep Bridge
for: repair work in: the Bangkok Dock. Their base is at the Division's
facility (jetty and anchorage) in Pak Nam. Their mast heights are:

Name Mast Height (m) Remark
- Eesea:¢h 4 16
- Résearch 2 16
22 Early 1987

Research 3



5} Shaw Wanakit Co., Ltd.

The company's main activity is to collect its own timber or log at
ports of Surat or Songhla, to transport on one of . its three ships to
Bangkok, unload at one of its two sawmllls, one at the. foot of the
Sathorn Bridge in Thonburi and another in Banglo in Yanawa, and market
the lumber through many lumber dealers  in Bangkok. Their ships call at
the Thonburi sawmill three to four times a month, and at the Banglo
sawmill about ten fimes a month. '

Sizes of its ships are as follows:

Name Length (m} width (m) Mast Height (m)
Shaw Wanakit 9 46.10 8.47 S 17.0
Shaw Wanakit 11 42,70 8.54 14.66

Shaw Wanakit 15 47.45 8.40 16.0

Each ship is capable of carrying 500 tons of timber but normally
carries 400 tons. Currently the Thonburi sawmill processes 1200 tons a
month, but its capacity is 10 times larger.

6) ‘Navy

The Royal Thai Navy is the largest single user of the Bascule system
of the Krungthep Bridge. The purpose of navy ships coming upstream- of
the Bridge is 1limited only to repairs. In 1985 their ships came
upstream 38 times, in total of which 21 were for repaits in the Bangkok
Dock and the remainder of 17 were for minor repair work while mooring in
the midstream of dockside. Judging from the actual records of recent
past, the present level is in the high side as shown in Fig. 6.2.1.

The Navy has three dockyards of its own, one in Sattahip, one in
Pomprachul at the river mouth, and one in Thonburi. The third one is
meant for only small ships which can pass under the Memorial Bridge
{navigation clearance 5.3 m),

The initial intention of the Navy when the Dockyard in. Pomprachul
was planned was to accommodate all dockyard work needs of the Navy ships
between the Sattahip facility and this dockyard. However, to date,
simple repair works have been left to the Bangkok Dock. Pomprachul
facility has taken care of sophisticated works, and 1ts staffing level
and equipment are commensurate with the work load. = Navy officials,
however, expect that under the normal strengthening . program = the
Pomprachul dockyard will have sufficient capacity to accommodate extra
40 ships per year within 5 years.

From the Navy's viewpoint it is preferable to site the Bangkok Dock,
if to be moved, either next to the Pomprachul dockyard within the Navy's
land, or at Laem Chabang, to eliminate lengthy and unsafe voyages up the
River and through the bridge. : .



1) Harbour Department

Agide from small craft, the Harbour Department owns 7 ships which
come upstream of the Bridge mostly for repair purposes and sometimes fer
mooring. Department officials maintain that the possible closure of the
Bridge would not cause much inconvenience.

Mast heights of its ships are listed below.

Name - Height Name - Height
Chao Tha Khor 2 17 Chao Tha Sor 1 14,5
Chao Tha Khor 4 i8 Chao Tha Sor 2 15
Chao Tha Khot 8 21.3 Jor 1 (Tug) 20,5
Chao Tha Khor 6

8) Others

Other activities involving movements of large ships upstream of the
Bridge are limited to occasional mooring in midstream or at wharf-side
that can be done downstream without causing significant inconvenience to
operators. A tugboat has its normal berth a few hundred meters
downgstream of the FMO pier.

‘An additionhal field survey was made in September 1986 to investigate
the possible effects of setting the navigation clearance at 7.5 meters
instead of 12 meters, the same as for the Sathorn bridge. Location map
of facilities is shown in Fig. 6.3.1. It was found that there was no
activity of significance upstream of the Sathorn bridge requiring the
navigation clearance at the Krungthep bridge higher than 7.5 meters.
This point was later confirmed by the Harbour Department in the form of
a letter to PWD.
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6.4 Effects of Mast Height Restriction
'6.4.1_. Effacts of Restriction on Individual Operators

- If. the new bridge puts some restrictions on mast height, effects
S will :vary ~depending on the allowable mast height. Fig., 6.4.1
illustrates the percentage of all ship movements which currently require
. the Krungthep Bridge opening and which will be barred from this waterway
under various maximum mast height limitations, If the limit is more
‘than 30 m, no ships will be affected. If the limit is less than 10 m no
- ships can use this waterway. At the maximum allowable mast height of
20 m, 22% of ships currently using this waterway and requiring the
Bridge to open will_be blocked. At 16 m of maximum height, 62% will be
~clocked. : :

Individual operators will be affected at a varying degree. Fig.
6.4.2 shows the maximum mast height figures for each operator at which a
maximum of 10% of ships involving its operations are blocked.

Bangkok Dock Co., Ltd. requires a maximum mast height limit of 25 m
in order that 90% of their operation is not affected. The same applies
to the Navy, the largest customer of the Bangkok Dock.

;-Habin Ship Building Co., Ltd. requires 23 m for the maximum mast
height limit for not significantly reducing their operation, whereas the
B.L.L. Shipyard Co., Ltd. would not need to alter their operation if
‘the maximum is set at 16 m.

Fisheries Department can operate without much changes under a limit
“of 12 m, but Shaw Wanakit Co., Ltd.'s twice to thrice monthly timber
supply operation cannot continue as they are now unless the limit is set
over 17 m,

6.4.2. Possible Moving of Facilities

As examined in the preceding section, a complete c¢losure of the
existing ‘Bascule bridge will necessitate moving of virtually all
operations described in Section 3. Leaving the existing Bascule and
constructing a new bridge with limited navigational clearance will give
the existing operators a choice of moving entirely or partially.

Bangkok Dock Co., Ltd.

Since .the Bangkok Dock Co., Ltd. is a state enterprise, the moving
of its facilities will require a cabinet approval. The new site
‘preferred by the navy is either next ‘to the Navy's own Pompachul
aoCkyard or within the complex of the planned Laem Chabang -Deap Sea
Port, . In the former case, land would probably be available at no cost
‘but would require substantial cost for foundation due to poor soil. 1In
the Jlatter case land acquisition will be substantial a}though probably
‘within the property of the Port Authority of Thailand, but the
- foundation cost will be lower. Orderwof?magnltude cost estimates
totalling 500 million Baht are shown in Appendix 6.4.1.

. Construction period would be in the order of three years.

6-11



Percentage of Ship Movementts

%
100

30
8O
70
60
50
40
30
20

10

10 12 14 15 18 20 22 24 .26 28 30m

Maximum Aillowabie Mast Haight -

Fig. 6.4,1 Percentage of Ship Movements with Masts above the Maximuim

Max. Mast Height

0 12 14 i8 20 22 24 26 28 30m,
Bangkok Dock
Harin Ship Bidg.
8LL Ship Bidg. goTEi_-d T
- - igures indicate the number
E‘esgf_”es 7i{uz) of recorded passings during
5 . the period of Jan; 1984
Harbour Dept. ° through Apr. 1986, Figures
kit Co. - 68 in parenithéses were éstimated
Shaw Wgna : 47 (168) , by the Study Team.
Novy 159 . .
Marine Polica |19
Customs
Dept. j4 )
: Port a
e Authority |
IEGAT 7
Harin Transport 9l
Other Privafe 154

Fig. 6.4.2 Mast Height Limit at which 10% are Affected

612




It is possible to offset the above construction cost by selling the
land of the existing dock as the land value of the prime river front
property in this area with a total of 35,000 square meters could be 550
million Baht (assuming Baht 60,000/sq.wah). The land ownership,
however, is held by ‘the government aud not by the Company., Some
arrangement will be necessary to transfer the land sales profit to the
investment in the new dockyard,

: =Erpmfthe operational viewpoint the Navy would welcome such moving as
stated in Section 6.3 (6)., Private ghip operators would also prefer
such move for the same reason. '

Priﬁate-ship-Repair Yards

Officials of the Harin Group stated that in the event of the closure
of the Krungthep Bridge the new dock adjacent to the Bridge would have
to be expanded, including possible acquisition of adjacent land., Their
headquarters ~would probably remain at the present site, creating
communication and logistic problems to the company.

The B.L.L, Shipyard would be placed in a difficult position because

of its small scale. The whole operation of the company will probably
have to be moved if the management wants to stay in the business.

Marine Fisheries Division, Fisheries Department

It is clearly out of question to move the Division, The Division's
facility at Pak Nam will have to be expanded to accommodate additional
six survey vessels. Samples unloaded by the survey vessels will have to
be transported by trucks,

Shaw Wanakit Co., Ltd.

The company will face a choice of closing down the Thonburi sawmill
altogether and relying solely on the Bangle sawmill or leaving the
Thonburi sawmill and transhipping timber at Banglo onto barges.

6.5 Navigation Clearance Requirements

Vertical Clearance

" "An ‘official reply to PWD's request for the consideration of moving
the Bangkok Dock downstream was made in a letter dated May 28, 1986 by
the Navy Dockyard Division, the Royal Thal Navy. The letterx was made
available to the Study Team in early July. It states the following.

1. fhe.Royal Thai Navy still requires to repair its ships at the

. Bangkok Dock in order to encourage this business of the
Government and to retain this dock.
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2. The maximum size of current navy ships is 2,540 tons, but in
1987-88 the maximum size will be 4,000 tons., The highest mast
now is 31.00 m,

The contents of Sections 6.1 thtbugh 6.4 were put into an internal
working paper titled "Internal Working Paper No. 1, Study of navigation
Clearance" in late June and it was reviewed by PWD.

In early July 1986 the Study Team was verbally informed. by’ PWD of
their intention that ship movements through the New Krungthep Bridge
should not be curtailed.

The vertical navigation clearance required to maintain the exlstlng
waterway traffic at the point should be 32 m including an’ allowance .of
2 m according to the results of the Study Team's study. Preliminary
alignment investigation revealed that at this height approach roads
cannot be connected by at-grade intersection neither with the Paksin
Road on the west bank nor with the Charoen Krung Road on the east bank.
At both cross points approach roads will have to be ralsed to maintain
at least 5 m of ground clearance.

The Navy indicated the increase in the maximum size of its ships to
4,000 tons. The maximum capacity of the Bangkok Dock is 4,000 tons.
The case of ships of this size was considered. Fig. 6.5.1 .shows
relationship between the gross tonnage and the mast height. Although
the relationship shown was based on data for cargo ships, it applies
well for navy ships. The mast height of a ship of 4,000 tons would be
32 m according to the relationship. Ordinarily an allowance is required
for vertical navigation clearance for:

a. exceptional high water

b. ship movement due to the wave

¢, mast top elevation due to unbalanced loading
d. deflection of superstructure.

Items b. and c¢. above can be ignored in this case, Ttem 4. above
can be absorbed by the clearance between the central camber line and the
upper navigational clearance limit line. For the item a. above, a value
of 2 m can be considered sufficient. Therefore, the vertical navigation
clearance of 34 m should be taken for the purpose of allowing the free
passage of 4,000 tons vessels.

The difference between the superstructures for the navigation
heights of 32 m and 34 m will be limited to the. slight difference in
grade of approach structures between the Taksin or Charoen EKrung
intersection to  the center span because  the height of approach
structures at both intersections is constrained by the- ground clearance.
Difference in the construction cost between the cases of 32 m and 34 m
would be very small.

Lateral Clearance

According to a report published in 1985 by the Japan Association for
the Prevention of Maritime Accidents, necessary lateral clearance
conmprises the following:
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a. Crulsing Width

b. wWind Drift

c. ‘Bank Clearance - clearance needed to avoid pressure caused by
moving vessel and stationary structure '

‘d. Ship Clearance - clearance needed between two moving vessels

e; Turbulent Flow Area Width =~ area of turbulent flow around
stationary structure

Ship clearance is not needed in the case of the Krungthep Bridge,
Others are not necessarily required to be added together for obtaining
the total required lateral clearance.

Requlred lateral clearance figures were calculated by means of
methods - shown in the aforementioned report and shown in Table 5,5.1.
The length of structure (pier) was assumed to be 30 m and its width 12
m., Wind drift clearance for the distance of 120 m which corresponds to
the case of parallel bridges was also shown for reference.

However . the situation of the Krungthep bridge is wore like that of
waterways locks or canals. European standards of waterway locks are
1.5 m lateral clearance for river locks of 110 m long for ships of up to
1,500 tons and 5.0 m lateral c¢learance for ocean locks. Design
‘standards for the proposed new Panama width of 60 m should be considered
acceptable for ships of 4000 tons.

—
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The Navy, which is. the only agengy operating shlps of more than 25
meters in height and is the main customer of the Bangkok Dock as'well as
beiny its mother agency, officially replled to a PWD's letter -asking. the
possibility of relocatlng the: dock downs tream by a letter. dated May- 28,
1986, It is stated in the letter that the Bangkok Dock should’ continue
to operate and that the maximum sizZe of its ships would be 4,000 tons,
requlrlng 32 meters vertical navzgatlon clearance. : S

_ The Harbour Department consolidated. various- claims concerning

navigation clearance in making its decision as shown in its official
letter dated September 30, 1986. . In-the letter not only the vertical
¢learance but also the lateral and the channel configuration limits are
specified, Table 6.6.1 shows the specified dimensions in the: form
directly quoted from the original letter. co

Table 6.6.1  The Dimension of Sﬁip Channel for (New) Krungtheﬁ Bridge

Distance from the The ship channel _Horizoﬁtal ’ Vertical'
existing Krungthep - " Clearance Clearance
Br. o om0 (m.})
. The cent - 2 5, n
Not over 60 m (the cth;Z; el : 68 o 2n203a2 32
central or the bridge’s _ 3 - op -
width) Adjacent chan:els_ o 60 z 5,2
60 300 m upstream The central = the width
channel of the central _
& the adj)g?cent > 39
channel either
side of the
existing br.
60 300 m downstream Ne pier in the z 32
of the existing br. river
300 m ) No consideration

Note: ‘The position of the pier has to be the same as that of the existing
bridge .

Request of HD are:summatized below: .

- New movable bridge is acceptable within 60 m either side from the
existing bridge with horizontal clearance of 68 m in.center; and 60
m in adjacent spans xeeplng vertical clearance of 5.2 m above H.W.L
while close. :

- Fixed high pier bridge is acceptable within 60 m in downstream side
or within 300 m in upstream side with vertical clearance of 32 m.



CHAPTER 7

FIELD INVESTIGATIONS

7.1 _Exjsting Conditions of the Surrounding Area

The ex._isting Krungthep bridge forms a part of MRR which is one of
the arterial roads of Bangkok and intersects some other secondary
‘arterial roads as shown in Fig. 7.1.1. '

MRR is now under ‘construction by BMA and nearly completed except the
flyover briddge crossing over the Mahachi Railway.

MRR has ‘a 8-lane carriageway and sidewalks in both sides in the
section from Taksin intersection to the north, However from Taksin
intersection to the southeast including the existing Krungthep bridge,
it ‘has a 4-lane carriageway. : :

_ As for otheér arterial and secondary roads, the Taksin an Charoen
Nakhon roads have 6-lane carriageways while the Charoen Krung road has a
4~lane carriageway. The Charoen Krung road ends nearby at the east bank
of the Chao Phraya River. . : :

‘ The surrounding areas of the above mentioned roads are categorized
as ‘an urbanized commercial area, and many buildings of three (3) to four
(4) stories are built up along the roads except for the sections of the
_ approach - road of existing bridge and that from the nearby Taksin
‘intersection to the north. Especially the area along the Taksin Road is
very crowded with buildings for stores and residences.

7.2 Soils and Materials Surveys

7.2.1 General 'Geolbgy' of the Area

The project area is known as the Lower Chao Phraya Basin. This
river basin is bound on the east and west by mountain ranges, on the
.~ south by. the Gulf of Thailand and on the north by a series of small
hills dividing it from the Upper Central Plain with the Chao Phraya
river ~as an inter-connector. In this area, the alluvial deltaic and
marine deposits are the predominant geological formation.

" The top of the recent marine clay is a weathered crust wlilich has
been subjected to the alternating desiccation and other physmall ar.\d
chemical weathering processes. The most recent marine transgression is
~_thiought .to have occurred between 15,000 and 6,000 years ago and extemiled

s far north as Ayuthaya. At this time the Bangkok area was cc?vered with
s0ft marine clay up to 24 meters thick in places. This clay is normally
‘referred to as soft Bangkok clay. The underlying st:iff clay was e{tposed
" to the subaerial processes of desiccation and oxidation before burial by
the soft clay. Alternate strata of sand, gravel and clay follow t_:he
SLiff clay extending several hundred meters depth. before encountering
‘the bed rock, and are known as the Quarternary deposits.
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7.2.2 lLocation of Borgholes

The soil investigation including field boring and laboratory testing
 was entrusted to a local Consultant, Asian Engineering Consultants Corp.
Ltd. and was carried out from Augsut to September 1986.

Three boreholes (AL, A2 and A3) were drilled to a depth of 70 meters
below MSL in the vicinity of the existing Krungthep Bridge. Among these
borehcles, one boring (Al) was performed in the Chao Phraya river. The
locatlon of each borehole is shown in Fig. 7.2.1,

7.2.3 Results of Field Borings

. Boring logs and basic properties of laboratory test results for
Boreholes A=l to A-3 are shown in the separate volume entitled Drawings.
The - summary Of test results and detailed laboratory test results are
presented - in the Subsurface Investigation Report. The soil profile has
oeen prepared based on the surveyed data ang 1s shown . in Flg. T.2.2.

'The soil prbfile along the New Krungthep bridge route indicates that
the soft clay stratum varies from the depth of 13.0 m to 22.0 m below
- MSL from the west bank to the east bank respectively. = This soft clay is
underlain by a 7.0 m to 13.0 m layer of stiff to very stiff silty clay
which ‘extends to the depth of 26 m to 29 m below MSL. The alternate
strata of dense to very dense sand and the hard  silty clay are
encountered below the layer of stiff to very stiff silty clay. A lense
of very stlff to hard silty clay which is less than 1.0 m in thlckness,
is encased in the 13 -~ 15 m stratum thickness of dense to very dense
fine sand ‘at the depth of 35 m below MSL. The pocket of clayer fine
sand is occasionally found in soft clay or in first stiff to very stiff
silty clay stratum.
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7.2.4 Matarials Surveys
1) Embankment Materials

In the vicinity of the project area, two kinds of embankment
materials, laterite and sand, are available. The Study Team inspected
and sampled typical materials for test. '

Samples of laterite were’ chogen at Bo Din Thong and Bo Subsomat
about 4.5 and 5.0 km respectively offset from Highway No. 21, Km 5+000Q
on the right near Saraburi.

Samples of sand were taken from the land deposit at Bo Xum Thong in
A. Kamphaeng Saen, Km 5+600 Highway No. 3040 offset 3 km on right side,

Both CBR tests results showed very high value of 20% to 40%, proving
it to be good materials.

The Study Team selected the sand as embankment material due to the
shorter haul distance of about 85 km as compared with the laterite of
about 165 km, : . .

2) Rock Material

Rock is é key material for crushed aggregate for concrete and
subbase course.

The Study Team inspected quarry sites at Chonburi and Ratchaburi,
Most of rocks can be classified as limestone which poses no problem in
course aggregates suitable for use in concrete works and subbase under
the concrete pavement.

The Study Team judged the production of Ratchaburi quarry more
preferable for the project due to -huge volume of mountain quarry and
haul distance of about 100 km which is shorter than that of Chonburi of

120 km.
3) Cement, Steel and Concrete Products, etc.

The main construction materials for bridge and road structures are
produced or assembled and available in Thailand, :

Cement

Almost all kinds of cement such as Portland Cement, Sulphate.
Resisting Cement, Rapid Hardening Cement and Low Heat Portland Cement
are produced in Thailand and conform to Thai Industrial standards. Main
cement factories are listed below as example: .

Siam Cement Co., Ltd.;
Jalaprathan Cement Co,, Ltd.:
Siam City Cement Co., Ltd.; and
Mahasiri Co., Ltd.
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Steél_

Original materials of such steel products as plg iron and steel

scrap are  imported, and main construction materials even prestre551ng
tendons are manufactured in following firms, as example.

Slam Steel Co., Ltd.-(SISCO);
Bangkok Steel Industry Co., Ltd.;
Thai Special Wire Co., Ltd.; and
Thai Steel Wire Co., Ltd.

~ However, shaped steel products are mainly imported through following
.companies: Xim Hong Seng, PH&D, Siam syndicate, Thong Seng Huad, Thail
Mui Co., Ltd, Riboon Steel, Udom Metal Trading and Asian Steel Products
etd. ) :

“ Recently, Siam Machinery & ZEngineering Ltd. has been equipped to
produce fabricated steel bridge structure of 700 tons per month for the
requirements of the Wat Sal Cable-stayed Bridge Project by ETA, They
have well trained workers in operation of factory machinery, welding of
steel plates, fabrication of steel structures and quality control by
local staff.

Concrete Products

Ready mixed concrete 1s readily available in Thailand "through
following plants:

Concrete Products & Aggregate Co., Ltd., (CPAC);
Metropolitan Concrete Products Co., Ltd. (MCON);
and  Jalaprathan Concrete Products Co., Ltd. (JCC}.
Precast <concrete products including PC goods are also readily
available in Thailand.
Wood
Timber products are supplied by following firms:

Kiat Anatachai, Siriwat, Lucha materials cpnstruction Co., Ltd.,
Sangviwat, Sangrungrote, and S. Chaiwattana Timber Industry etc.

Asphalt and Fuel

Asphalt are malnly imported, and not common in Thailand, and fuel
are produced from imported crude oil and supplied by Shell, Esso,
Apollo, étc.
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7.3 Tupographic Surveys

The geographical location of the: proposed New Krugnthep Bndge is
from 13°40°40" to 13041'10" North Latitudes .and from. 100°30'50" to
100031'20" East Longitudes. The: surveyed atea is. Jlocated in a flood- -
prone area and the measured elevation of this 1ow plaln is’ 1ess than 3.0
meters above MSL of the Gulf of Thailand. : R

The topographlc survey was. entrusLed to a local consultant, Azian
Engineering Consultants Corp. Ltd. ~(AEC) under the supervision of the
Study Team, :

This topographlc survey 1nc1uded-'

- Preparatlon of a tOpographic map (on a scale of 1: l 000) by plane-
table survey for areas of 335,500 square meters and 341,000 sguare
meters in Bangkok side and Thonbuxl 51de respectlvely as already
shown in Flg. 7.2:1, ' . : S S

- 2, 020 m. 1ong Droflle levelllng .survey . (1 020 m in Bangkok sxde and”
1,000 m in Thonburi side) ‘at 50-meter 1ntervals along the existing
road, including the additional levels ‘at the top and bottom. of :
abrupt changes in approach road of the existing brldge.

- Cross section survey at 50-meter 1ntervals in the same places as
the profile levelllng survey. :

From this topographlc survey, the follow1ng were revealed.

- On Thonburi side, two (2) Chlnese shrlnes are 1ocated 1n the .
vicinity of the abutment of the bridge. ~One is. 51tuated on the
upstream river front at a ‘distance of 10 m from the existing
bridge structure and the other on the downstream 51de about 18 m
from the wall face of the approach road : S e

~ On Bangkok side, the governmental office of "CUSTOMS TRAINING
CENTER" is located on the downstream river front side and this is’
a big advantage for the land acqu151t10n for the Project. The
project would require only a part of its open yard. e
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7.4 Hydrological Studies
741 - Bafhyi‘riqti*ic Survey

| The bathymetric 'survey was conducted in an approximate area of
200,000 square meters around the existing Krungthep Bridge, 250 meters
both:upstream and downstream from the center line of the existing bridge.

o Thg_results'of the bathymetric survey is shown in Fig. 7.4.1. From
this survey, the following were revealed:

~  The. stable Thaweg {main flow line) immediately upstream of the
bridge is at an angle of about 60 degrees rather than at the right -
angle to the bridge. :

- TImmediately after passing the bridge site, the river's main flow
line is bent to the right of the bridge line.

- -There 1is no serious scouring upstream of the central pilers,
‘However, deep holes of u to minus 20 m were found at about 50 m
“downstream of the piers, It was comfirmed by the Harbour
Department that these holes were not made by dredging which had
never been done in the deeper river sections such as  just
downstream side of the Krungthep bridge.

7.4'.2 Local Scour

i In _the plannlnq of foundations and temporary cofferdam for bridges
in a river, the magnitude of scour by which the riverbed is lowered
adjacent to the structure needs careful consideration.

‘ Thé maxlmum local scour depth was estimated at -30 m, or less, by
using Laursen s formula, therefore, the existing deepest scour level of
=20 m is judged to be about the 70% depth of the theoritical maximum.

The Study Team followed the river bed changes and made the Fig.
7.4, 2 based on the past survey records.

e The protectlon works against scouring seems to be sufficient by the
method of pitching stones in the double range of the pier width. The
-stoneTPltchlng work for protectlon by PWD in 1982 seems to show a
satisfactory result.
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7.4.3 Other Hydrological Considerations

According to prev'iou's study reports on bridges over the Chaophraya
River, the maximum flood volume is 4000 cu.m. per second, and the
maximum local flow intensity is 3.0 m per second.

The present river section at the Krungthep bridge was surveyed and
results are shown below:

Total river width s 390 m

Maximum depth : =14 m from M 5.L.
Flood level _ 1 +2.13m

Water flow section : 3,700 sqg.m

Arca obstructed by piers 650 sqg.m (17.5%) -

any introductién of strﬁctutes  into  the river channel generally
affects both flow pattern and flow intensity which in turn may change
the river morpholegy, the local channel geometry, and_the rélationship
between water level and dlscharge. '

The hydraullc geometry of a river channel can be debcrlbed by the
channel width, depth, cross- sectlon shape, gradlent and alignment. It
depends on a number of factors which include dlscharge, characterlstlcs
of bed and bank materials, the amount of sediment transported - by the
channel and the ability of the channel to transport the quantities.of
sediment supplied from sources further wupstream, = There is no
satisfactory method of calculatlng channel gecmetry which may. .be applied
to all types of river. The detailed discussion of the above will be the
subject in detail design stage, if necessary.

However, the maximum _channel dépth _can be obtalned by applying
empirical multiplying £factors to the mean depth, These factors are
attributable to Lacey and are given in Table 7.4.1.

Table 7.4.1  Multiply Factors for Maximim Channel Depth

Location ' Factor

Straight reach of channel 1.2
Moderate bhend 1.5
Seven bend _ 1.7
Right-angled abrupt turn : 2.0

The Project bridge is located at the nearly seﬁere bend
point, -so that the mean depth downstream 1is about 1.6 times that
upstream. From these considerations, the newly introduced addxtlonal

piers should be as small as possible.
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CHAPTER 8

BRIDGE LAYOUT ALTERNATIVES

8.1 Introdu'ctibn'

. - The - task of determ1n1ng the type of bridge for the expansion of
traffic capacity. at the existing Krungthep Bridge was complicated due to
many conflicting factors, some of which had been unknown or uncertain

until the later stage of the study. Factors taken into consideration
- included: . : .

- Traffic capacity requirements;
- Form and degree of utilization of the existing bridge after the
- projéct completion;
-~ Navigational clearance requirements, vertical and lateral;
~ Basic.-bridge type, movable or fixed:
~ New bridge location and alignment;
- Heavy vehicle traffic requirements;
- Bridge access;
-~ Intersection-layout;
- - River hydrology;
- tLand acquisition difficulty; and
. = Construction cost.

. Various alternative schemes were formulated and evaluated on the
basis of the above factors, and schemes inferior. to others. were
eliminated from further considerations. In the Progress Report (I)
issued in May 1986, twenty-two alternatives were identified and
preliminary evaluation was made. 1In the Progress Report (II) issued in
September 1986 seven alternatives of A through G were identified and
examined. They included low fixed bridge, low movable bridge, and high
fixed bridge with varylng uses of the existing bridge including its
complete . removal ‘as shown in Fig. 8.1.1, Three - alternatives,
Alternative D, Alternative E and Alternative G, were selected for
further study and the results were presented in the Interim Report
issued in December 1986. This Chapter describes configurations of the
three alternatives and how the final selection of the bridge layout was
made through the examination of each against various planning factors
listed above.

Notes: Other Alternatlves _ _
. 'rA.. New - ‘fixed type 6-lane bridge with low plers replacing
_.ex1st1ng bridge.

—B; New fixed type 4-lane pridge with low piers utilizing the
exlstlng bridge as 2-lane bridge.

~C, New fixed type 3-lane bridge in first stage, after 10 years
other fixed 3-lane bridge replac1ng existing one.

~F. New fixed type &-lane bridge w1th high piers replacing
axisting one.
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8.2 Descripﬂon of Alternatives

_ Studles up to the Progress Report (II) lead to a conclusion that
‘three alternatlves, Alternative D, Alternative B, and Alternative G were
. those worthy of further con51deratlons. Further subdivisions of these
altérnatives were made considering more details, Particularities of
-each alternatlve are summar ized below:

1) Alternativelb

This is a low fixed bridge type and presumes the removal of the
Bangkok Dock and other major private marine facilities (two private ship
repair slipways and a log unloading jetty). Three schemes of this:
alternative were considered as described below and shown in Fig. 8.2.1,
8.2. 2 and 8.2.3.

1) D-1 Plan: The existing bridge is to be utilized as a two-
' direction 2-lane bridge for 1light vehicles only,
~without strengthening. its structure. Trucks including”
‘trailers are to be guided through an additional access
rampway to the new bridge, which is to be a 4-lane two-
~direction bridge Gownstream of the existing bridge.

_1i) D-2 Plan: A pair of one-way 2-lane bridges are to be constructed
on both sides of the existing bridge, for use of all
trucks. The existing bridge is to be used as a two-way
2-lane bridge for light vehicles only.

iii} D-3 Plan: A new 3-lane oneway bridge is to be constructed. The
existing bridge is to be strengthened and utilized as a
one-way 3-lane bridge in the opposite direction,

The Harbour Department requested in their letter to PWD Ho.-
0505/6082 dated September 30, 1986, that not only the center span but
other spans should provide the minimum vertical clearance of 5.2 meters
from. the hlgh water level for the sake of river transport. This
requirement precludes the adoption of variable depth girder type. The
most-. economical method to satisfy this reqguirement is the use of PC
contlnuous box girder by the incremental launching method. The space
for the segment casting yard is available in the river front on the

Bangkok side.

2) Alternative E

This is a “movable bridge Lype. River traffic can be maintained
without change, Three plans were considered for this alternative.

i) E-1 Plan: The existing bridge is to be utilized as a two-way 2-
lane bridge for 1light vehicles only. A new bascule or
1lift type movable bridge is to be constructed with
additional rampways for heavy vehicles with the same

layout as the Plan D-l.
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ii) E-2 Plan:  Same as E-1 except that this is a swing type bridge
: ' instead of bascule or 1lift type, Maintenance costs
would be lower than E-1.

iii) E-3 ?lanzr A pair “pf one-way _2—1ane bascule bridges are to be
: S constriucted on both sides of the existing bridge, same
as in case of Plan D-2.

- Due. to the. heavy future traffic volumes through traffic lanes of the
Middle Ring Road, all ‘intersections were designed to be flyovers, For
plans E-1 ‘and E-3, however, a staged construction was also considered
with full flyovers assumed to be constructed only by 2001 instead of
from the beginning.. Fig. 8.2.4 through 8.2.6 show Plans E-1, B-2 and BE-

" 3 with different stages.

-8ide spans'of the new bridge(s) are expected to be of the steel box

‘dgirder type to maintain the minimum navigation clearance of 5.2 meters.

Use of PC continuous box girder by the incremental launching method
cannot be applied because the center span is movable.

3) Alternative G

This is a fixed bridge type with a navigation height clearance
sufficiently for not disturbing the river traffic. A plan named G-1 is
shown in Fig. 8.2.7 which has the navigation clearance of 34 meters and
the central spén width of 220 meters. . This type .can be of PC box girder
and constructed by the balanced cantilever erection method. Given
additional -conditions such as the minor restriction on the mast height,
a bridge of this type with different dimensions such as a lower height
can be considered.
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8.3 Bridge Planning Factors
Factors which should be taken into consideration in determining the

bridge plan were identified and examined item by item. The following .
sections discuss implications of each factor.

8.3.1 Traffic Management
1) Traffic Flow Forecasts

Future traffic volumes were forecast for var ious alternative cases
of the new Krungthep Bridge. The methodology of traffic projection has
been discussed in Part II,

Forecast traffic volumes for the cases of low bridge and high bridge
are summarized below in Table 8.3.1 and illustrated in Fig. 8.3.1 and
Fig. 8.3.2 including turning movements.

Table 8.3.1 Bridge Traffib Foracasts

Bridge Forecast Time Exist. TO To
Type Year pPeriod or New Bangkok  Thonburi Total
Low 2001 Morning  Total 2,900 2,500 5,400
: 2011 " Total 3,000 3,300 6,300
High 2001 " Exist, 600 - 700 1,300
New 3,200 2,800_ 6,000
Total 3,800 3,500 7,300
2011 " Exist. 700 1,600 - 2,300
New 3,100 3,600 6,700
Total 3,800 5,200 9,000

Note: Traffic to and from Charoen wHakhon Road can have direc£
access from and to the low bridge; but not to and from the
new high bridge.

2) Truck Movements

The Krungthep bridge is the closest to the industrial concentration
area along the lower Chao Phraya river among major bridges in Bangkok.
Therefore, composition rate of heavy trucks has been high, more than 20%
(excluding motorcycles). :

According to the analysis results presented in Chapter 5, the
structural strength of the existing bridge is not enough for the live
load specified in HB-45 units and HA load. However, it is enough - for
the live load of TL-20 or H8-20. In the case that future heavy truck's
axle loads exceed the TL-20 or HS-20 standards, heavy trucks should be

Jed to a new stronger bridge.

8-12
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. In order to determine the future utilization of the existing bridge,
a truck axle load study should be carried out based on actual data. The
study team has obtained truck .axle load data from the on-going study of
trucking -industry €funded by IBRD.

.= Thege data are summarized in Table 8.3.2. Ten~-wheel trucks carrying
. ‘agricultural products were the heaviest in average weight (22.0 ton) and
the maximum weight was found among 10 wheel trucks carrying mineral
products - (34.7 tons)., = Almost 70% of trucks exceeded 20 tons, the
specified weight of TL~20 and HS-20. However, there was no trugk as
heavy as that specified in HB-45 unit, '

Results of the roadside OD survey presented in Chapter 3 indicate
‘that aBopt one'tbird of cargo carried around the Krungthep bridge were
consumer goods, . followed by agriculture/fishery products (223%), minerals
(13%) ~and metal products (12%). Some 39% of those vehicles carrying
pargees were fully loaded. - :

. 'It_:;é;-liﬁely ‘tﬁat the gross weight of heavy . trucks passing thé
existing Krungthep bridge often exceeds TL-20 or HS~20 standards, which
the existing bridge can barely satisfy. '

- Therefore, it should be better that heavy trucks will not use the
existing bridge. . Truck movements around the Krungthep bridge were
studiéd on the assumption that the existing bridge will be utilized with
a limit on traffic loads -and heavy trucks will be led to a new bridge
through rampways.

All the alternatives can be classified into 3 types according to the
accessibility from the three roads, 1i.e. Taksin Road, Charoen WNakhon
Road and Chroen Krung Road. Basic conditions of the alternatives are as
follow:

TYpe 1. (Plans D-2, E—3)

| All heavy vehicles from/to existing cross roads will run through the
at-grade intersections and rampways. Accessibility will be almost
similar to the existing conditions,

Type 2. (Plans D-1, D-3, B-1, E-2)

ALl héaVy vehicles from/to the Taksin Road an Charoen Krung Road
will run through at~grade intersections and rampways. Heavy traffic
from north of .Charoen Nakhon Road will be smoothly led to the new
bridge. However, heavy vehicles from the south of Charoen HNakhon Road

will U~turn at the Middle Ring Road.

7Type 3. (Plan G-1)

- Heaﬁy:véhicle traffic from/to the Taksin Road@ and Charoen Krung Road
‘will: be sméothly led to the new bridge through rampwayf; Heayy vehicles
‘from/to the Charoen Nakhon Road will U-turn at the Middle Ring Road or

take a detour.
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Table 8.3.2 - Truck Weight hy Commodity

Average - . Maximum  Percentage

No. of
Commodity Truck Type Sample Weight Weight of Trucks
. L : .. (Tong) (Tons) .Over 20.Tons
Agriculture/ 10 Wheel 44 22,0 32.3" 50,0 -
Fishery 6 Wheel 5 12.6 15.6 S 0.0
Tinber or 10 Wheel 6 19,5 22.7 33,0
Wood Products 6 Wheel 1 10,1 10,1 © 0.0
10 Wheel 84 21.4 34,7 81.0
Mineral’ 6 Wheel -1 13.6 13;6 0.0
Consumer 10 Wheel 2 18.8 19.0 0.0
Good 6 Wheel N.A, - - -
Chemical 10 Wheel 3 19.2 19.8 0.0
Products 6 Wheel N.A. - - “
10 Wheel 139 2.4 34.7 66.2
Total 6 Wheel 7 12.4 15,6 - 0.0
Table 8.3.3  Number of Lanes to be Required
Forecasted Time Type of Traffic Volume Capécity' No.,of
Year Period Bridge To Bangkok To Thonburi Lane
2001 MP  Exist. - - 1,800° -1
700 1,800 1
‘New 3,200 - 1,800 2
: 2,800 - 1,800 ° 2
_(Tbtal_ﬁ)
2011 ‘wp  Exist. - 1,800 1
_1,600_ ‘1,800 1
New 3,100 - 1,800 2
3,600 1,800 2
. (qual'é) _
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In’case of Type 1 and Type 2, many right turn movements of trucks
are expected at the intersections. Such movements generally reduce the
capacity of intersections. In case of Type 3, because of poor
acce531b111ty to the Charoen Nakhon Road, however, it should be expected
that rlght turn. movements 'will decrease at intersections, And it should
also. ‘be expected that the traffic on the Charcen Nakhon Road and
Krungthep Bridge will divert to other routes,

Tpuck movements ‘around the Krungthep bridge were simulated using the
traffic assignment procedure, based on the following conditions:

= 0D table: Off peak truck OD year of 2011

-~  Network.

: .Low New Krungthep Bridge with long Thonburi Road
: High New Krungthep Bridge with long Thonburi Road
‘The results are shown in Fig. 8.3.3. All plans except G-1 were

'categorlzed into Low Krungthep bridge which was assumed to be the Type 2
case, because dlfference between Type 1 and 2 is negllglble.

In case of the .High. Krungthep Brldge, total trucks using the
Krunqthep bridge would decrease only by 5% compared  with the ILow
Krungthep bridge, however, it will have a poor accessibility to the
_Charoen Nakhon Road. The result of traffic assignment indicated no
serious problem relating to ‘the heavy vehlcle traffic management, in
ngh and Low Krungthep bridge cases.

3)“.Nuﬁbér of Lanes
- Number ;of:?laﬁes was decided based on the comparison with lane
capacity and forecast traffic volume.

The lane éapacity was estimated as shown below:

1,250 PCU/Hour
1,800 "
1,800 "

x Existing,'used as a 4-lane bridge
* Fxisting, used as a 2-lane bridge
* New Bridge :

-~ mE M

The-nUmber of lanes required is shown in Table 8.3.3.

4)' - Bridge Access Plans
a. Access Condltlons

The relatlon between longitudinal gradient and vertical clearance
for the three roads mentioned above was examined and is shown in

- Pig. 8.3.4.

Four _cases'.éf"bridge profiles (case A through case D) were
considered.
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The navigation c¢learance figures examined were 7.5 m, 12 m, 19 0
and 34 m above MSL respectively. The low level bridge type that
includes Alternative D and B follows the case D profile and the
high level bridge type that means Alternative G follows the case C
profile, :

Case D can dlrectly connect the abovementioned  three .
intersections, However, in case C, it will be very difficult to
connect at the B intersection due to the high vertical clearance.

Maximum Longitudinal Gradient

The maximum longitudinal @ gradieat  for through traffic lane was
proposed at 4.0 per cent which is free from the critical cllmblng
length of grade for the design speed of 80 km per hour as
stipulated in the de31gn standards of AASHTO and J.R.A., (See Foot
Note) '

The maximum longitudinal gradient for ON/OFF, Ramp was proposed at
7.0 percent considering the less construction cost and to ‘shorter
the length of ON/OFF ramp (L = 120 m), The details of geometric
factors are discussed in Section 9.4 here in after.

83.2 Brldge Locatlon

D~

1,

The location of an independent new brldgs proposed in such plans as
p-3, E~1, E-2 and G-1 was selected at the down stream side on the

grounds of the follow1ng cons1derat10ns.

2)

1}

According to the results of the bathymstrlc survey around the
Krungthep bridge as described in Section 7.4, the foundation depth
of the existing piers is minus 22 meters. Placing of a new pier
adjacent and upstream may induce a dangerous scouring at the site
of the existing pier.

It was judged, therefore, that the upstream allgnment of the new
bridge 1is undesirable. . Phe problem of scouring. and -other
hydrological effects are discussed in more detail in Section 7.4,
Hydrological Studies.

The Study Team's topographlc survey results show that -on Thonburz
side two (2) Chinese shrines are located in the v101n1ty of the
abutment of the bridge. One is situated. on  the upstream river
front at a distance of 10 m from the exlsting brldge structure and
the other on the downstream side about 18 m from the wall face of
the approach road. ' '

*Note The critical climbing length to the grade for the 80 km per hour-—

road less or

4,08 : free

5.06 : 600 m
6.0 : 500m
7.0% : 400 m
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Interviewed by the . Study Team, the. man who = would take
responsibility about the relocation of these ‘shrines when required
by the Govermment indicated a strong objection against such a
relocation because of problems. encountered aftexr previous
relocation requested by MOI, o .

‘These two (2) shrines are in the right of way.. of the New Krungthep
Bridge. However, there would be flexibility to more the bridge site
further downstream side to av01d the shrines.

3} On Bangkok side, the governmental office of "CUSTOMS TRAINING
CENTER" is located on the downstream river front and this is a big
advantage for land acqumsltlon for the Project. The projsct would
require only a part of its open yard, : ‘

_Based-on the above considerations, the location bf'a new bridge was
determined to be on the downstream side. A reference figure is shown in
Fig. 8.3.5.

B.3.3 Movable Bridge Meachanisms

Several types of movable bridge_were'consiéered. Some details are
shown in Appendix 8.3.1. .

8.4 Alternative Project Costs

Approximate project costs were estimated for each alternatlve taking
into account various factors such as below:

- Standard'cross sections of the new bridge;

- Construction method; '

~ _Construction period;

- Land acquisition;

- Compensation for moving river. facilities;

- Costs per unit area of faclllty,__

- Costs for scouring protection;

- Costs of strengthening of the existing brldge, and
- QOperating cost.

Various assumptlons made for each of the above items are shown in
Appendix 8.4.1. o

Resulting approximate cost estimates for each alternative are
summarized in Table 8.4.1.

§-22



TPIPNTOUT 30U ST 3OOJ Mg FO PueT 83 70 3TeS WOIF UOTTITW 00§ IYeE °€

‘UCTIRNTRAS
DSTWOUCOS BYI UT POIUTODSTP 3g TIIA 1S00 ayy -pouado 8q oz st sbe3s puodas ayj ‘SIvdi 7 I833¥ °Z

*UOTIBRTRAS DTUWOUCOD 33 UT UOTIRISPTSUOD OJUT uayel aie pouado ST °6PTIq 9TTUM
S50T OTUHCUODD pue /2BpTiq 2TgRacl IO 3500 uorlelsdo % SOUBRUSZUTEW ST YONS 25usadxd Tenuu® Iaylo 1 HE=RTe] ]

T86°T 9881 vLL'T £98°1 88L'T EVL’T 9£0’2 TL6°T L9671 350D 309l0oIg TE30%
- - - - - - 59¢% £9¢g £95 sloTIRsUSdWOD
SOTITTIOR I9ATY O
291 it4 ¥z LT 13 TE £T LT 12 uoT3zesuadwo) SUTPTINg *g
8eT s€ 62 A 7 52 91 (43 A uor3teInboy puet ‘e
00¢ oS - ES 6% 08 9% 769 AN 119 = uoTjesuaduwop ¥ uOTITSINBOY puer (g)
- 09 oS - - - - - - {&01) s®oTaxdg HBuriasurbum g
- 10¢° 90% - - - _ - - - SO0 UOTIONIISUCD B
- T8¢ 958 = - - - = - rUOTIoNIISUO) abeig pucosg (7}
€51 90T 90T 59T SsT A2 1¢€T £t A ($01) s@ot1aisg bButissurbum -1
6ET 96 96 08T rT 0¥t 6TT 1T AN {%07) Adu=abButluoed °y
1z¢e [ XAA [A 44 9%¢C 9z¢ vee el 65T 652 {30€) =HIOM SNOBURTIOTH 6
- - - - - - £6 - - sbprag BurisTXH
Jo Butuayzbusiig -3
6 S L 0T 0T 6 0T 0T ] SYIOM IuLWoLRF @
0€ - - € o€ o€ o€ 0€ ~ 0E pecy S5920Y P
£2T 69 66 16 90T 90T €L 16 901 - sfesduey o
69% 9ZT TLT 6LY 86% TLY £ES 6Lb LY °bprig yoeoaddy °q .
LEY - B¥S £9¥ (224 AL €97 8L €52 444 2bprag uTeR -
189°1 691°T G9T*T F18°T 80L°T L69'T T TVP'T LSE'T 95€°T 3800 uotrionilsucy (T}
-9 e-g 1-3 i rAc -3 . £-a z-a T-a .
5 PATIPUISYTY "3ISUOCH S5TM 9beag 4 SATIRUISRTY g SATIBUIIITY . sueld / SwS3il 350D

Seug UOTTLIW :910R

..:Om_umnEoO yoy aewixowddy L8 3jgeL

B-23



8.5 FEvaluation of Alternatives

8.5.1 Economic Evaluation

The method described in Section 4.6.1 was applied for each of the
alternatives to obtain benefit amounts. T

The process has'beeh repeated for the three target years of 1991,
2001 and 2011 and benefit amounts for intermediate years were obtained
by interpolation.

Preliminary costs as derived in Section 8.4 were in financial terms.

Factors converting the preliminary financial costs into economic
costs were roughly estimated as follows:

E.S -~ Engineering Services
Percentage :
to Construction Cost
Total engineering service cost : 10%
Detail design service cost : 3.5%
: 5.5%

Construction supervision cost

No conversion factor was assumed.

L.A =~ Land Acquisition Cost

No conversion factor was assumed.

C.C - Construction Cost _ _
The economic cost of the concrete bridge project (D&G) was
estimated at 90% (a conversion factor of 0.90), and that
of the steel bridge project (E) was estimated at 85% (a
conversion factor of 0.85) ' '

0.D -~ Maintenance & Operation Cost

No conversion factor was assumed

The residual value of the bridge and approach structures at the end
of the 20-year period, 1i.e. vear 2011, should be the -initial
construction cost less the amount needed to restore the whole to the
initial conditions.* Eighty three per cent of the initial cost was
assumed to be reguired at the end of the 20-year project period:and was
counted as a negative cost in the year 2011, :

* The total life of superstructure is normally considered to be 70
years whereas the substructure is considered to have an unlimited
life. The replacement of the superstructure at the end of its life
would cost 60% of the initial construction cost, Taking a straight
line depreciation, the residual value at the end of the 20 vyear
period was determined.
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For each of the alternative plans a year-by-year cost stream
including construction, maintenance and losses and a benefit stream for
consumner surplus in generalized trip cost were established. Economic
evaluation indicators such as the Benefit/Cost Ratio, the Net Present
Value, both at a discount rate of 12%, and the Internal Rate of Return
were calculated. Table 8.5.1 shows the resulting IRRs.

. Table 85.1 IRR of Alternatives

1 18,60

2 18.58
-3 18.35

1 21,22

2

3

20.83
20.57

E
B
BE-2 Stage-wise 21.41
E-3 Btage-wise 21.41
G-1 : 18.84

8.5.2  Overatl Evaluation and Conciusion

In order to determine the most recommendable plan, overall
evaluation was made based on the evaluation criteria and weights shown
in Table 8.5.2., The following explains each of the criteria used and
associated gcores {points) and evaluation weights.

1} Internal Rate of Return (IRR)

The internal rate of return of each plan was estimated as shown
above. The plan E-1 staged construction yielded the highest rate of
21.4% and the plan D-3 showed the lowest rate of 18.4%. Scores were
assigned in accordance with the classification shown in Table 8.5.2 IRR
was considered to be the most important factor in selection of the best
plan, therefore it was given 60% of the total weight, The following
items in monetary terms were involved in calculating IRR:

- Project cost;

-~ Maintenance and Operation cost;

- Economic loss from disturbance to traffic;

-~ Project Benefits in VOC savings and time savings;

- Residual Value

-2) Land Acquisition

_ “The - plans' D~3 and E-3 can be realized with the least land

acquisition of about 3,100 sq.m. On the other hand, the plan G-1 will
_ require the largest land area of about 15,200 sg.m.  However, the
difficulty of land acquisition cannot be agsessed by the area alone.
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Eéch,prbperty has a particular value to its owner. A prime example is
the two Chinese shrines.

ALl plans except the plans G-1 and E-2 will require relocation of
one shrine on downstream side, and the plan D-2, E-3 will reguire
relocation of both shrines.

“Bach plan wasg evaluated from the land acquisition based on the
nature of the property to be acquired. The weight given %o this
criterion is 5% of the total consiGering the practical importance of
land acquisition in the project implementation. '

3) River Facilities Moving

~In  this evaluation only three categories are relevant: Very
. difficulk, - No need and No relation. The . moving of governmental
facilities such as Bangkok Dock and Marine Fisheries Division may be
possible though difficult,; but the moving of private facilities such as
" Harin- Ship Building, B.L.L. Shipyard and Shaw Wanakit Co. seems to be
‘extremely difficult as no legal means is available to the government, at
least for the time being. Therefore, the facilities moving in the plans
of ‘Alternative D was evaluated to be wvery difficult, while, not be
needed in the Alternative G and will have no relation in the Alternative
E, Again, 10% of the total weight was assigned to this criterion
considering its importance.

4) Navigation Safety

The Alternative D was formulated under the assumption to move the
river facilities downstream, therefore its evaluation in terms of
navigation safety was given the least score.

The plan E-2 cannot satisfy the requirement of the restricted
channel length of 60 m, therefore it was evaluated to be poor, though
not to be impossible. And plans E-3 and E-1 is evaluated to be fair and
good, respectively. The weight given to this eriterion was 8% of the
total.

5} Risk Due to River Hydrology

Theﬂnﬁmber'and scale of newly constructed piers in the river are the
key point to evaluate the effects of river hydrology, especially in the
bend of the river.

The plan E-3 which requires the construction of 8 pier including
large scale piers and separate 2-lane-bridges on both s%des of .the
existing bridge, would pose a high risk. The plan G-1 which requires
the construction of only 2 piers near each bank would have.no problem of
causing serious effects such as meandering or severe scouring. The plan
D which requires the construction of slender piers was evaluated to

cause low risk.
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t o.nly_the pos_sibilii—.y_:‘_of.
fety of structures in the
criterion was 10% of the

This evaluation was made considering no
serious effects to the river but also the sa
curved river flow. The weight given to this
total. :

6) Motoring Public Image
The following factors were considered in this evaluationi

- mTraffic stoppage due to the bridge opening;

- Accessibility to the new bridge;

- At grade or grade separation intersection;

- Steepness of grade; .

- Traffic management for truck movements; and :

- Driving. convenience, safety, and smoothness of running conditions.

The strengthened existing bridge of the plan D-3 with one-way system
may be more appreciated by drivers than the economical interchanges in
the plans D-1, D-2 and G which are serviced partly by grade separation-
and partly by signal management. :

Forced:stoppage while the movable bridge in plan E is open would

certainly cause complaints from motorists. The weight given to this
criterion was 3% of the total. '

7) -Appearance

Aesthetic appearance of the bridge is one of the important factors
especially in Bangkok, where tourism is the major income generator.’ The
weight given to this criterion was 3% of the total. :

The artist views used for evaluation of the aethetic appearance of
the bridges under the plans G-1 and E-2 are shown hereinafter,
8) Scoriné Results and Conclusion

rable 8.5.3 summarizes the scoring results and the weighted total
scores for each of the plans. .

The Plan G-1 turned ocut to be the best considering all the féctors
- described above. - : -
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PLAN G-1

Fixed Type Long Span PC Box Girder Bridge with High Pier

View from Upstream Side in Thenburi

PLAN E--2

Movable Type Short Span Cable Stayed Swing Bridge with Low Pier

View from Downstream Side In Thonburi
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CHAPTER 9

PROPOSED NEW KRUNGTHEP BRIDGE

9.1 lnnnducﬁoh

“.In the preceding discussions, it was determined that the vertical
navigation clearance should be kept at 34 meters from MSL, and that the
high Jlong-span fixed bridge (Alternative G-1) was the recommended
solution. ' ) '

©.This chapter describes how a more detailed study was carried out by
way of structural analysis to determine the types of structural elements
and how a preliminary design was carried out for the proposed MNew
Krungthep - Bridgée. Costing of the project and subsequent econonic
evaluation are also presented.

9.2 - Design Criteria

Basic concepts for design stahdards_of bridges are discussed below
to establish design criteria for the study.

~_In recent years, highway bridge design in Thailand has generally
followed AASHTO specifications, but some modifications have been made to
meet local requirements arising from traffic conditions and natural
conditions, - As for live loads, HA and HB-~45 unit loads have been
adopted for ‘the bridge ‘design in Middle Ring Road and New Rama VI
Bridge, reflecting the high proportion on overlcaded trucks on Thai
roads. : '

1) Navigation Clearance

..:Névigation vertical clearance of 34 meters is to be kept as proposed
in Chapter 6.

2) Dead Load

: '.The dead load conéists.of the weight of the completed structure,
including . the carriageway, curb, handrail and other public utility
fittings. - :

_For cbmputation of the dead load the unit weights of materials are
as Specified*in Article 1.2.2 of AASHIO standards.

'%AS'farﬁés public uﬁilities are concerned, installations of electric
cables and. télephone cables -are scheduled as follows:

- Electric cables : 30 nos of 150 mm dia. pipe openings
' will be made.
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- Telephone cable : 6 nos of 100 mm dia. pipe openings
will be made.

The dead welghts of ‘the above 1tems are. negllglbly small compared to
others, and they are not considered in the Study.

3) Live Load

The live load consists of the welght of the applxed mQVLng 1oad of
vehlcles, cars and pedestrians. :

The load meets the HA and HB-45 unit loadings as specified 1n-"6
Highway bridge live loads" of BSI BS5400, Part 2, 1978. Both. loadlngs

include impact, 25% of their total.

When side walks are provided, ‘a live load of 0.4° tf/sq m are
considered for their design as specified in Section 3 of the "Standard
Specification" for Highway Bridges, AASHTO-1983.

4) Longitudinal Forces and Centrifugal Forces

The longitudinal forces and centrifugal forces from live loads are
as specified in the above mentioned BSI standards.

5) Wind Loads

Wind load forces are governed by the design wind velocity. The
following design wind velocities have been adopted in the past or on-
going projects in Bangkok. ' '

Design Wind Velocity

- Sathorn Bridge 80 mph {130 km/h)
- New Rama VI Bridge 100 mph {160 km/h)
- Wat Sai Bridge DIN Standards ( 45 m/s)

When a high pier bridge is planned in an area where ear thquake force
is negligibly small, the wind load becomes often the dominant factor not
only for superstructure design but alsc for substructure and foundation
design. In this respect, a probability analysis was made by the Study
Team (see Appendix 9,2.1) and a design wind velocity of 80 mph (1390
km/h) was recommended for the 100-year return perlod.

Design wind velocity (New Krungthep Bridge) 80 mph 1130 km/h)

100 mph (160 km/h)

i

AASHTO base wind velocity

The wind load intensity specified in AASHTD standards is decreased
by the ratio of the square of the design wind ve1001ty to that of the
base wind velocity. The moving uniformly distributed wind load of the
following intensities is accordlngly applied horizontally.



‘For truss and arches .....civeeeees. 2,300 Pa {235 kgf/sq.m)
For girvders and beams tveiveeeeseess. 1,532 Pa (160 kgf/sg.m)
For substructures Ceritreecssenes 1,226 Pa (125 kgf/sq.m)

_61 Stream Current Force

‘Piers and other portions of structures which are subject to the
force of flowing water must be designed to resist the following pressure
specified in AASHTO standards:

P = 515 K V2
“where, P = pressure (Pa)
V = maximum water velocity (m/s)
K= a constant, being 1.3/8 for square ends, 1/2 for

angle ends (30 degrees or less), and 2/3 for
circular piers,

A maximum water velocity of 2.0 m/s is applied.

7} Ship Collision Force

A static design force from ship collision is taken as the equivalent
impact force that would be consequential from the collision of a 600 ton
ship .with the pile cap in the direction of flow of the river, and a half
of ‘this value in the cross stream direction. Ship collision forces have
to be combined with stream current force.

8) Thermal Forces

The range of temperature for calculating stresses or movements
resulting from variations in temperature is as follows:

Temperature r£ise ..vesvsesess..s 10°9C
Temperature fall ...e.eeeeness.. 209C

9) Shrinkage and Creep

_ The effect from shrinkage and creep is calculated as given in
Appendix C, Part 4, BSI. A mean relative humidity of 80% is adopted.

10)_ Earth Pressure

, Stiﬁctﬁres which retain fills are proportioned to withstand earth
pressure given by Rankine's formula.

11} Earthquake Force
An équivélent norizontal force of 0.05 W (which is considered as a
Gead load) is considered.



12) Materials

a. Concreéte

The specified cylinder compressive strength of concrete at 28 days
is as follows:

400 kgf/sq.cim.

Prestressed Concrete, Precast: fo = _

Prestressed Concrete, Cast-in-place: fc = 350 kgf/sq.cm.
Reinforced Concrete, Superstructure: fc = 250 kgf/sq.cm,
Reinforced Concrete, Substructure: fe = 250 kgf/sq.cm.
Reinforced Congrete, Pile Cap: fc = 250 kgf/sq.cm,
Cast-in-place Reinforced Concrete Pile: fo = 250 kgf/sq.om.
Precast PC Driven Pile: fc = 350 kgf/sq.om.

b. Structural Steel

Structural steel is anti-corrosive type material conforming to or
equivalent to SMA4l, SMAS0 or SMASE as specified in JIS G3114.

c. Steel Wire Cable

Steel wire cable is made of high strength steel conforiming to or
equivalent to RH62 to 82 as specified in JI8 G 3506.

d. Reinforcing Bar

Ordinary reinforcement to be adopted is hot rolled high  yield
deformed bars conforming to SDA0 as specified in TIS 24-2527 with
a specified yield strength of 4,000 kgf/sq.cm.,  Some minox
reinforcement for minor structures is hot rolled mild steel bars
conforming to SR24 as specified in TIS 20-2527 with a specified
yield strength of 2,400 kgf/sqg.cm.

e. Prestressing Steel

Prestressing steel to be adopted is high strength normal
relaxation 7-wir strands as specified in TIS 420-2525 with
specified ultimate strength of 18.9 tf/sqg.cm. : g

9.3 Structure Type

The New Krungthep Bridge consists of the main bridge, approach span
bridges and abutment structures. The main bridge is ‘defined as the
river crossing structure over the Chao Phraya River, and the approach
span bridges are viaducts connecting the main bridge to ‘Middle Ring
Road. 'The maximum embankment height in the. project area was estimated
at about 6 meters. Therefore, the approach  span bridges are to be
planned to the points where the embankment height-adjacent to abutments
becomes 6 meters. For the rest, from the abutment to the .end point of
the embankment, some structures will be taken into consideration in
order to withstand the embankment, otherwise the bottom width of the
embgngment {toe to toe) becomes wider and more land acquisition -is
needed. '
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The  following sibsections give particulars of the determination of
the various type of structure.

9.3.1 Main Bridgse

- The main bridge span is planned just downstream of existing bridge,
and pier arrangement in the river is planned to be in line with the
existing piers to mitigate the  hydraulic disadvantages. For this
reason, the conceivable span length had to be either 70 meters or 220
meters. In case of 70 meters span length, the piers of the main bridge
would be founded on the deepest portion of the riverbed caused by local
scour resulting from the big projection of the existing bascule piers
(refer to Section 7.4), and ‘that construction of piers would be
difficult and costly. Therefore, the main span of the bridge was
determined at 220 meters in length,

When the main span length is 220 meters, the conceivable types of
superstructures are steel Lohse girders (half throUgh type), Gerber
truss girders, steel cable~stayed girders, PC cantilever box girders and
PC cable-stayed girders. Gerber truss girders have the disadvantage of
requiring a wvery high girder depth resulting a higher deck level than
the others. Therefore, Gerber truss girders were discarded in the
subsequent comparison study.

In the subsequent study, the following four types of superstructure
were examined and the most preferable was selected.

'a)' Steel Lohse girders

b) - Steel cable-stayed girders

¢} PC balanced cantilever box girders
d} PC cable-stayed girders

Prior .to the determination of superstructure type, the most
preferable type of pier foundation was studied and selected.

1) Selection of Preferable Type of Foundation
The pier foundations of main bridge are characterized by:

-~ The scour depth around the existing piers is estimated@ at about -
30 m MSL.

~ At a depth of -36 to -42 m MSL, there are dense to very dense sand
Jayers with an SPT N-value of more than 30. This sand layer is
considered unreliable because of the insufficient rooting depth of
foundations once scour has occurred. Beneath the sand layer, hard
silty clay lie at a depth of =40 to -52 m. This hard silty clay
has an N-value of more than 30, but this layer is considered to be
dnreliable as the bearing stratum because the N~value dropped less
then 25 in sgome places. Consequently, the recommend bhearing
stratum is the dense to very dense fine sand layer at the depth of

-52 m MSL or below (refer to Fig. 7.2.2)
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~ The piers of the main bridge will be located in the riverbed, and
off-shore construction will be required.

In this respect, the following foundation types were selected as the
applicable alternatives, and they are depicted in Fig. 9.3.1,

a) Large diameter (2 m) cast-in-place reinforxce concrete piles by
reverse circulation drilling method (RCD) , :

b) Interlocked steel pipe well foundation
c) Open caisson
d} Pneumatic reinforced concrete caisson
A comparative study was made to clarify their advantages and
disadvantages, and the results are summarized in Table 9.3.1.
As a result, the large diameter cast-in-place RC_piles,_having the
advantages described below, were selected as the most preferable type of

foundation for the main bridge.

Advantages of large diameter cast-in-place RC pile

~ BAlready adopted and experienced in wany bridge -projects in
Thailand.

- Suitable for the subsoil condition in the Chao Phraya River, which
consists of sand and clay layers above the bearing stratum.

- All materials are available in the domestic market in Thailand.

- Relatively low construction cost and short construction period are
required.

- BAdaptable to the off-shore construction and ease of construction
is expected. :

2) Selection of Preferable Type of Superstructure

Four types of superstructure, i.e. a) steel Lohse, b) steel cable-
stayed, ¢) balanced cantilever FC box and d) PC cable-stayed girders,
were studied to obtain the most preferable solution among .them. In this
study, the use of 2 m diameter cast-in-place RC piles only was
considered for pier foundations based on the preceding paragraphs. '

A comparison was made to clarify advantages and disadvantageS'among
the above four types of superstructure, such as in regard to contruction
cost, construction method, construction period, availability of domestic
materials, aethetics and others. The results of the comparative study
are summarized in Fig. 9.3.2.
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Fig.9.3.2 Comparison of Superstructure by Type
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The congtruction costs in Flg. 9.3.2 exclude the common items such
as pavement, curbs, handrails, ancillary works and others. TheaeHgosts
were estimated based on the prevailing prices in Bangkok {Arelatively
low unit price was adopted for structural steel, wbiqh was_ nearly
equivalent to the actual bid price in a recent bridge project -in

Bangkok) .

By this comparative study, ¢) Balanced Cantilever PC Box Girdér'was
judged to be recommendable for the following reasons:

- The total construction cost of the balanced cantilever PC box
girders is thought to be the least cost solution. Even when the
relatively low unit price of structural steel is applied to the
steel bridges, the cost of steel cable~stayed girders cannot
improve upon the balanced cantilever PC box girders by more than
10%. in short, it .can be conservatively said that the
construction cost of balanced cantilever box girders will provide
the cost-minimum solution to feasibility level accuracy. o

- fThe balanced cantilever PC box girders can be constructed mostly
by using domestic materials available in Thailand.

~ This typé has been adopted and experienced in many ;ecent projects
in Thailand, and it can be expected that the necessary manpower
and equipment will be easily available during the - construction
_stage, : :

- Costly future maintenance 1like painting work for a steel type
bridge will not be required in the future. o

-~ Steel type bridges are not free from maintenance even for anti-
corrosive structural steel or zinc coated steel (hot ‘dip
galvanized steel). The magnitude of maintenance costs is judge&
to be still larger than that of PC bridges due to the inevitable
rust and corrosion in some limited parts which were -observed on
70% of anti-corrosive steel bridges in U.S.A. (Reported by 'the
American Iron & Steel Institute in 1980).

Although the balanced cantilever PC box girders were judged as the
JICA recommendation in the Study, the steel cable-stayed ‘girder was
consider as a posgible alternate to the recommendation, The reasons for
proposing sSuch an alternative are the following: '

- BAs world market prices of steel products have been at a standstill
since the second oil shock (1979), steel type bridges were bid
many times at less than 50% of the Engineer‘'s estimates. Such
bidding was observed in Thailand as well. '

- When the low unit price of structural steel, nearly equivalent to
the actual bid price in a recent bridge project in Bangkok, was
applied to the steel bridges a) and b), the total constraction
cost of b) steel cable-stayed girders was found to be the lowest
cost of the four. '
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