o Therefore, from the point of view of construction cost, the steel
cable-stayed girders may become a competitive alternative to the
.balanced cantilever PC box glrders.

- _Moreover, the steel cable-stayed girders are more advantageous
than the balanced cantilever PC box girders in aethetics and
construction periods, while disadvantageous in the availability of
domestic materials and future maintenance problems.

Consequently, the following is concluded:

Reconmendation ....svv.v.... Balanced Cantilever PC Box Girders
Alternative sevesrsaesass Steel Cable-Stayed Giders

In the preliminary design, the recommended type was studied in more
‘detail,

932 _ .Abp’rbach Bridge

As the whole bridge consisting of the main bridge and approach span
bridge has a length of approximately 1,760 m, much attention has to be
pald to the bridge planning in a way that the aethetics harwmony and
repetitioﬁs construction methods are maintained as much as possible,

The balanced cantilever PC box girders were selected as the most
preferable type of - main bridge. Therefore, approprlate types of
superstructures for approach span bridge were limited to concrete type
bridges, Among. concrete type bridges, prestressed concrete box girders,
prestressed concrete T-beams {or I-beams) and reinforced concrete hollow
slabs were first considered as alternatives, The prestressed concrete
T-beams ({or I-beams) were, however, discarded because of their aethetic
incongruity with the main bridge.

As' for foundation type, 60 cm diameter precast prestressed concrete
driven piles, which had been employed in Thailand, and 1.5 m diameter
cast~in~place reinforced concrete piles were considered applicable

alternatives.

The following are the alternatives taken into consideration in this
study.

Superstructure Alternatives:

~ Prestressed concrete box girders
- Reinforced concrete hollow slabs

Foundation Alternatives:

-~ Precast prestressed concrete driven piles (60 cm diameter)
- — Cast-in-place reinforced concrete piles (1.5 m diameter)
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As the pier height of the approach span bridge. varies very much from
& m to 30 m approximately, the requiréd ‘size and'cost;0£.foundation will
he much affected by the span length of superstructure as well as- pier
height, Therefore, the cost study of foundation'alte:natives has to he
. carried out by incorporating span length of superstructurefand,height of

pier, simultaneously.

1) Econémic gpan Lengths and Foundatién Types by Pier Heights

As the reinforced concrete'hollow'slab was geherally'limited'td-its
use in a span length of 10 m to 20 m, the cost-span relation was exanined
only for the prestressed concrete box girders. - In Fig. 9.3.3, the

relation between cost per square meter and span length ig diagrammed.

The costs in- Fig. 9.3.3 exclude the common.items,ji.e}, pavement,
curbs, handrails and others. : S ‘ :

From the economic point of view, the following ,apprgximate span
lengths and foundation types are recommended for the subsequent study.

a) Pier Height less than 10 m
- S8pan length of RC hollow slab = 13 m
- Foundation type . = Predast: prestﬁessed' con—
‘crete  driven piles (60 cm
diameter, pile- tip eleva-
_ tion = ~30 m MSL) &
b) Pier Height from 10 m up to 25 m
- Span length of PC box girder = 35 m
'~ Foundation type = Precast preStreésed con-
crete driven 'piles - (60 cm
diameter, pile +tip eleva-
tion = -30 m MS3L)

¢) Piler Height over 25 m

- Bpan length of PC box girder = 45 m

- Foundation type = Cast-in-place - reinforced
concrete  piles (.5 m

diameter, pile tip eleva-
tion = =30 m MSL)

2) Span Arrangement and Bridge Type

?n determining the span arrangement, the folloﬁing were taken into
considerations ' L
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a) Flyover Bridges Crossing Existing Roads

From the topographic survey, the location and the widths of the
existing roads were obtained. as: .

~ 'aksin Road {Thonburi Side)

Location s+ 805 m from the navigation center of
the Chao Phraya River

Roadway Width 1 30 m

-~ Charoen Nakhon Road {Thonburi Side)

Location : 445 m from the navigation center of
. the Chao Phraya River
Roadway Width : 28 m

-~ Charoen Krung Road (Bangkok Side)
695 m from the navigation center of

Location :
the Chao Phraya River
~Roadway Width : 13 m

b} Existing Road Alignment

The alignment of the approach bridge almost overlaps the existing
road (MRR}.

One of the principles for determining span arrangements was to
site piers so as not to disturb public traffic (4 lanes) on the
existing road during and after construction.

¢} Eeonomic Span Lengths by Pier Height

Refer to the preceding sub-section (1).

8.3.3 Abutment Structure

According to the subsoil investigation, the soil condition of
surrounding areas of New Krungthep Bridge is categorized as soft ground.
The possible maximum embankment height was estimated at 2.5 m and 6.0 m
for the case of natural ground and ground artificially consolidated by -
sand drains or other appropriate methods., Where the ground is improved
artificially by sand drains, a stable embankment can theoretically be
carried out up to 6.0 m in height, but the bottom width of enbankment
(toe to toe) becomes wider and more land acquisition is needed. Also
roadway alignment becomes more difficult.

In this respect, abutment structures are considered from the
abutment (embankment height of & m) to the point where the embahkment
height is 2 m. For the rest, with an embankment height of 2 m to 0 m, 2
transition slab, which has been employed in many projects in Thailand,
is to bhe adopted.
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- The following structures were taken into consideration as the
concelivable abutment structure alternatives:

a) Reinforced concrete retaining wall, supported by precast
prestressed concrete driven piles

b) Reinforced concrete box-type structure, with latticed pile caps
supported by precast prestressed concrete driven piles

¢} Reinforced earth abutment, founded on ground improved by the sand
drain method.

A comparative study was made from the view points of construction
‘cost, avallability of domestic materials, durability and others, and a
summary is shown in Fig. 9.3,4 together with their layout and outlines,.

- A8 a result, b) RC box type structure was selected ag the
recommendation for the following reasons:

- RC box type structure has been employed in many bridge projects as
an abutment structure, and its advantages and reliability were

already proven in Thailand.

- From the cost comparison (refer to Fig. 9.3.4), RC box type
structure was Jjudged as the most economical,
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94 Road Elements
0.4.1 Bridge Alighment and Cross-Section
l)_ Design Standafds
A éésign speed of 80 km/hr on the New Krungthep Bridge was adopted

con31derlng its functlon and characteristic and design speed of Middle
Ring Road. The geometrlc ‘design standards for B0 km/hr of de51gn speed

is degscribed in section 12.1,
2) Horizontal Alignment

The horizontal alignment study was carried out using a topographic
map at a scale of 1:1000 as prepared by The Study Team in 1986.

Major considerations for the alignment study were as follows:

- To malntaln 20 m distance between the existing brldge and the N¥ew
Krungthep Bridge.

- To avoid the shrine located at the right bank of the Chao Phraya
River.

- To keep the extent of land acquisition to a minimum
"— To maintain the geometric design standards
~ To maintain the traffic comfort and safety

The horizontal alignment is shown in the Drawings Volume.

3) Vertical Alignment

Controlling factors for the vertical alignment study were as
follows:

~ 4.0% maximum gradient was adopted considering the wvehicle
conditions in Thailand

~ Vertical and horizontal navigation clearances for the cenkter
channel were adopted at 34.0 m from MSL and 68.0 m respectively.

T 5.0 1ﬂ.vertica1 clearance in the grade separated intersection was
‘adopted.

- vVertical clearance of the existing Khlong near the STA -3+20 was
kept at the same as the existing condition.

The vertiéal alignment is shown in the Drawings Volume.
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4) Cross-section

Crogs~section desigh was carried out with _conside{atiqn to the
following: : . |
(total 4 lanes) on ‘the New Krungthep

- 4-lane dual carriageway :
t traffic volumes for 2011.

Bridge was adopted considering forecas
(total 2 lanes} on the existing Kruﬁgthep

-~ 2-lane catrriageway : \
traffic_volumes for 2011.

Bridge was adopted considering forecast
~ 3.25 m lane width was adopted, the same a8 that of MRR,

0.75 w shoulder width on left side and'O;SO'm shoulder width on
right side of the road were adopted considering traffic comfort

and safety.

- 1.0 m median width was decided to follow the MRR design.

The typical cross-sections are shown in Fig. 9.4.1.

5) Examination on the Necessity of Providing a Climbing Lane

As discussed in Section 8.3, the gradient of 4% was adopted as the
maximum longitudinal slope for New Krungthep Bridge in both sides. The
slope length of 4% is 1,025 m in Bangkok_side:and'975 m in Thonburi. An
additional 3 m ~ climbing lane for exclusive use of trucks or low speed
cars is generally not reguired unless the running speed of trucks on
upgrade declines lower than 40 km/hour which is the nminimum tolerable
speed as 50% of the Design Speed of 80 km/hour.

The running speed of trucks passing the New Bridge Was'ekamined by
Truck Speed Diagram and revealed as follows:

- In Bangkok side, the speed declines to 45 km/hour from the initial
speed of 80 km/hour after climbing of 800 m, however, not declines
lower than this speed until the crest of the Bridge with the same
speed of 45 km/hour using the 3rd gear;

- In Thonburi side, the speed declines to 45 km/hour at‘aboﬁt, 100 m
point before the crest and keeps the same speed to the top by 3cd
gear; and _ . S

- Theoretical possibility to climb with the speed of 45 km/hour was
confirmed under the assumption that the efficiency of engine power
for the 3rd gear would be 70%, because no specific data on the
trucks of Thailand were available,

Therefore, it is not necessary to provide a climbing lane for the
slopes of New Krungthep Bridge, the data to prove the above: the truck
speed diagram and the analysis of relation between Engine Power and
Running Resistance were shown in Appendix 9.4.3.
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9.4.2 Frontage Roads

1) Design Speed
The design speed for the existing Krungthep Bridge and‘its approach
frontage road was adopted as 60 km/hr considering the follow1ng matters.

The area along the road has already been deVeloped as commerqial'
and residencial areas with various different types of traffic

demand.

- This road will be used mostly for short trip traffic. It does not
' require a high design speed. High speed vehicles will‘use the New

Krungthep Bridge.

The design elements of 60 km/hr design speed are shown in. Table
9.4.1.

2) Alignment
Alignment study was conducted considering following items.

- Horizontal alignment follows the existing road horizontal
alignment.

- Vertical alignment follows the existing road level.

3) Cross—seétion
Cross-section design was determined as follows:

-~ Frontage road was established on both sides of the through traffic
lane (New Krungthep Bridge and its approach road).

- 2-lane carriageway was adopted at STA. -3 to STA., 3+70 considering
the forecast traffic volume in 201l.

- 1l~lane carriageway was adopted at STA, 4-End considering the
forecasted traffic volume in 2011.

- 3.25 m lane width was adopted, the same as MRR.

-~ 2.50 m shoulder width on one 1lane carriageway ~was adopted
considering car parking space. ' o :

~ Spaces for construction activities for the WNew Krungthep Bridge
and its approach bridges have been reserved.
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9.4.3

1)

Table 9.4.1  Design Elements for Existing Krungthep Bridge

 Design Bpeed km/hr 60

Minimum Radius of
Horizontal Curve, R m 150

‘Maximum - . % 4

Leﬁgth of Vertical
Curve (Parabolic)

Absolute:Mihimum m 50
Desirable Minimumn : m 100
Maximum Superelevation : % 4

Stopping Siéht Distance :
absolute Minimum m 75

Carriageway Cross Slope % 2,0
Sidewalk Cross Slope % 2,0

intersections

Types of Intersection

In this section, desirable types of intersection such as grade

separated or at-grade intersection, are examined taking into account the
following points:

a)

Structure of road network and its function;

Relationship between forecast traffic volume and traffic capacity
of intersection;

Staged construction; and

~ Land acquisition, requirements

Road Function and Network Structure

Continuous  traffic flows  are generally  interrupted  at
intersections and running speed on road network drops down,

. Intersections on trunk roads ensuring high running speed are

generally required to be grade separated.

In géneral, the intersections of a ring road and a radial road is
required to be grade separated taking into account their functions

and characteristics.
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Three intersections, namely A, B and C, ave located on Middle Ring
Road (MRR) in Bangkok. MRR forms a part of the trunk road network
in Bangkok. 'The existing traffic volumes on MRR are very heavy
and future traffic volumes are expected to excéed 8,000 V/H (CPU).
The design speed of 80 km/hr is adopted -and it is an  8-lane
divided highway. Conneécted roads, such as Charoen Krung Road,
Charoen Nakhon Road and Taksin Road are also’ Vvery. heavily
trafficked and these roads are sub=trunk roads,_especially Taksin
Road is a 6-lane divided highway. Taking into account: of the
above matters, A, B and C intersections should be constructed as

grade geparated intersections.

b) Traffic Volumes

Intersection type was also examined on the basis ~of traffic
saturation degree (forecasted traffic volume/traffic capacity}* on
approaches of the intersections. : '

If traffic saturation degree exceeds 1.0, severe traffic
congestion occurs and it is difficult to control. The resulis of
the traffic saturation degree analysis for each intersection are
shown in Table 9.4.2. : 8 :

Table 9.4.2 Satutation Degree

Intersection Name 2011 2001
A 1.31 1.18
B 1.05 0.76

c 1.26 0,926

Saturation degrees in 2001 at the intersection A, B and C eéxceed
or close to 1.0. From the viewpoint of traffic volume, alone, A,
B and C intersections are required to be grade separated.
Detailed calculations of saturation degree are shown in Appendix
9.4.1.

2) Intersection Design

a) Principles

In?ersection design were carried out based on - the following
principles

Note:; * Cagacities of each of the three intersections'wexé:recaiéﬁlated
uglng assigned veolumes by direction and associated through:
rlghtfturn, and left-turn lane numbers in each'appréach. _ The
capa?1§y thus obtained corresponds. to the services level. E as
specified in the "Highway Capacity Manual, 1985", TRB special

" Report 209.
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* Ayoiding the widening of existing road as much as possible.

* PForecast turning movements in 2011 were adopted as the design
traffic volume.

Number of  lanes in each intersections were decided to ensuce
the saturation degree of intersection less than 0.9 considering
the signal control.

* Saturation flow volume was determined at 2200 (V/H) and 2000
(v/H) for through lane and right and left turn lane
regpectively.

Design speed of ramp at grade separated intersections was adopted
at 40 km/hr considering the design speed of through traffic lane.

Design elements for Ramp is described in Table 9.4.3.

Typical cross-section is shown in Fig. 9.4.4.

Table 9.4.3  Design Elements for Ramps

Design Speed km/hr 40

Minimum Radius of _
Horizontal Cdrve, R m 50

" Clothoid Parameter,; A m B/3 A R

Critical Radius for
Using Clothoid m 140

Maximum Grade % 7
Length of Vertical

Curve (Parabolic)

Absolute Minimum m 35

Maximum Superelevation % 7

Stopping Sight Distance
Absolute Minimum m 40

Carriageway Cross Slope % 2.0
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b)

c)

d}

“.A“,

1

1)

11)

. u'.B.u

i)

ii)

Intersection

Grade Separated Intersection

"A" -~ intersection ~was planned as a grade separated one

consxderlng road network, and traffic flow characteristics.
ON and OFF ramps which are connected with the Wew RKrungthep
Bridge and the existing Charoen Nakron Road were planned as
shown in the Draw1ng Volume. :

At Grade Intersection

Under the flyover bridge in the O Lntersectlon, a 4-leg
1ntersect10n is planned as shown in the Drawings Volume.

ThlS 4-leg intersection can be controlled by a 51gna1 system

upto. the year 2011,

Intersection

Grade Separated Intersection

"B" intersection is planned as a grade separated one. ON/OFF
ramps which are to be connected with New the Krungthep Bridge
and -the exlstlng road are not planned due to the excessive
vertlcal distance between the New Krungthep Bridge and the
existing road at this intersection.

At Grade Intersection

Under the flyover bridge, a 4-leg intersection is planned as
shown in the Drawings Volume,

This 4-leg intersection with signal conLrol can accommodate
the future traffic in 201l.

Phe traffic movements in 2011 in this intersection and

" calculation of traffic saturation degree are shown in Appendix

T 9.4,2.

Ilcl!

i)

Intersection
Grade Separated Intersectlon

"C“ 1ntersect10n is planned as grade separated as shown in the

-Drawings Volume.

Three alternative intersection plans, namely plan 1, 2 and 3
were considered as shown in Fig. 9.4.3.
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ii)

Plan 1

© Basic considerations for planned were as follows:

* To minimize the traffic crossing points between through
traffic flows and right turn or left turn traffic flows,
Plan 2

Basic considerations were as follows:

* To minimize the land acquisition cost

* o minimize the compensation cost
* To minimize the traffic crossing points between through
traffic flow and right turn and left turn traffic flows,

Plan 3
Basic considerations were as follows:

*, To minimize the land acquisition cost

- % To minimize the compensation cost

* To minimize the construction cost

Plan 2 was adopte& in this study. The main reasons are as
follows:

% Plan 2 is the most economic plan among the alternatives.

* Plan 2 is less expensive in the land acquisition and
compensation costs,

- % Yt i§ very difficult to acquire the land along the existing

Taksin Road by plan 1,

* fTraffic can be more easily controlled than by plan 3,

At Grade Intersection

A 4-leg ihterSection in "C" intersection is planned under the
flyovér bridge. Two 3-leq intersections are also planned for

" the ON=-ramp and CFF-ramp.

A 3-leg intersection with signal namely "C-1" is located at
intersection point between ON Ramp and the existing Taksin Road

‘and second 3 legs intersection namely. "C-2% is located at

intersection point between OFF Ramp and the existing Taksin

- Road.

These three intersections with signal can accommodate future
traffic in 2011. Traffic movements and calculation of traffic
saturation degree on "C' intersection are shown in Appendix

9.4.2. For the three intersections "C", "C-1" and "C-2",

'.required lengths ! g
‘results of this calculation confirmed the adeguacy of the

of right turn lane were also calculated. The

three intersections as shown in Appendix 9.4.4.
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9.5 General Features of the New Bridge

The proposed layout of the méjor elements of the New Krungthep
Bridge is shown in Fig. 9.5.1 and the configuration of the preliminary
design of the bridge is described below. :

1) Main Bridge

The main bridge is a three-span continuous PC box glrder bridge
constructed by balanced cantilever erection method, and have two single-
cell box girders in a total length of 442 meters consisting of a 220
meter center—span and 110 meter side-spans for each sides.

'The.whole.bridge width in. the standard gection is 17.9 meters - as
shown in Flg. 9.5.1, The girder depth is 13.5 meters at the main pier,
and varies to 4.0 meters toward the end pier and 3.5 meters toward the

mid-span (sze Fig. 9.5.2).

A parabolic curve was adopted in the transition curve for the girder
depth change in order to minimize the girder depth at the point where
the navigational clearance requirements would govern the proposed height
of the bridge, while a sihe curve is usually adopted for that purpose.

The water depth at the 'proposed  location of main piers is
approximately 11 meters. As serious “local scour was observed at _the
proposed bridge site, the stability calculation for the pile foundation
of main piers was made taking into consideration a scour depth of 25
meters below MSL based on Laursen's formula. Thirty eight (38) 2.0
meter djameter cast—in-place RC piles support  one main pier,
superstructure and live loads. The tip of these piles is founded at -
54.0 meter MSL where a dense sand layer {so call "Second Bangkok Band
Layer"} exists. :

2-meter diameter of the cast-in-place RC pile is applied by reasons
of the followings.

- TLarge diameter pile 1is advantageous in résistance for bending
moment caused by the outstanding 25 meter from riverbed scored.

- Less number of pile foundation using the large diameter ﬁile is
suitable for shortening of construction period and reducing the

influence for vessels,

- As for the diameter of “cast-in-place pile, 2.0 meter is the
maximum drilled in Thailand so far, ' ' ' :

The result of stability calculation for the castQiﬁwplace (2.0
meter) is shown in Table 9.5.1. T o
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Table 2.6.1  The Result of the Stability Calcutation |

Normal Time Earthquake Time
Calculated Allowable Calculated Allowable
Value Value Value Value
. : -(TON/pile) '
Bearlng Power o 1002 1008 1312 _ 1568
. T (T M/plle)
Bendlng moment acting 58 610 . 933 S40
pile ' )
ol - teom)
Horlzontal ﬁlsplace— 0.7 - 11 -

. ment .at cap of pile

‘ The ‘end plers of the main bridge are located in- the riverbanks and
--plles are founded d1rectly into - the ground. Therefore, large diameter

RC p11es, which attain much rigidity against horizontal forces, were
thought unnecessary Precast PC driven piles (0.6 meter diameter)

support the end pier weight and the external forces transmitted by the
superstructure.

A comparative study for the foundation of end pler for main brldge
is summarised below: ,

- Total'cost'0f~PC pile (0.6 meter diameter) was smaller than that
- of RC piles (1.5 meter diameter); and

- Cohstrﬁbtion period of the PC piles may be shorter than the RC
piles.

Details of the comparative analysis are shown in Table 9.5.2.
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Table 9.5;2 Comparison of Pile Foundation

Precast PC

Cast-in-place

Kind of Pile Driven Pile RC Pile
. S (m) 0.6 1.5
Pile diameter '
| o (m/pile) 29.0 52,0
Pile length .
| (Nos) n
8 8
Nos. of pile ; '
. (ME) 4.86 7.41
Construction Cost _ S
(t/pile) Normal 82.7  139%% . 743 . 828%*
Bearing _time PRI R
power . Rarthquake 124 208%* 1087 | 1226%%
: time S AR
Result : (t/pile) o : S R
of Horizontal bearing 4,5 . 16.4%* © 40,9 . 49,3%%
Stability _power R
Calculation {(t'm/pile} : _ :
Bending moment 7.8 11.0%* 124 (45, 3%
acting pile B SR
{cm) _
Horizontal Dis- 6.5 2.0
placement at cap :
of pile '
Note: * -~ Allowable limit in normal time

*#* « Allowable limit in earthquake time

~ Construction cost estimated is only the

total of piles and pile-caps cost
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2)5_Appr0ach Bridge

- The -approach bridges have a length of 786,95 metets on the Thonburi
side and 634.85 meters on the Bangkok side. The difference in lengths
between = the " two gides result from the constraint of longitudinal
alignment that - requlres the appropriate transition length from the crest
p01nt of the newly conetructed bridge at Thonburi side MRR,

As for the superstructures, continuous PC box girders are adopted in
case of - relatlvely hlgh piers and RC hollow slabs are planned for the
rest, These two types of superstrugture will achieve an aesthetic
uniformity with the main bridge. Further, these types have a
- significant advantage that their high rigidity will effectively bear the
tors;on forces whlch will result from the Wlndlng road alignment,

A standard span length of 35 meters is mainly. adopted for the PC box
brldges and 45 meters span box girders are planned only at the places
crOSSLng ‘over existing roads, e.g. Taksxn, Charcen Nakhon and Charoen
Krung roads. On the other hand, a standard span length of 13 meters is
mainly adopted for' RC hollow slab bridges.

" Due coneideration'was given to determining column arrangements of
plers in order to allow the passings of general traffic on the existing
road {MRR) during and after construction.

‘Multi-column RC rigid frames are adopted in the places where rampway
bridges cross over the existing roads. In other places where no rampway
ig planned, inverted T-type plers are adopted.

 As the pier he1ghts are quite high and piers will be observed by 80
'many people in the future, both the rigid frame and inverted T-type
piers have curved lines at the conjunction between column and top beam
for the aethetic effect.

Precast PC driven piles of 0.6 meter diameter are adopted in all the
piers . because of the 1least cost. The reliable -bearing strata are
anticipated at - -25 meters and ~29 meters approximately in depth from
MSL, for 'Thonburi Side and Bangkok side respectively.

The details of piers are shown in Appendix 9.5.1.

3) Abutment Structure and Transition Slab

A 106.me£er long abutment structure and 123 meter long transition
slab follows the Bangkok side approach bridge.

. The Abutment structure is supported 0.6 meter diameter precast PC
-drlven piles while the transition slab is supported by RC drlven piles
having a square section of 0 22 mx 0.22 m,

933



9.6 Construction Method

9.6.1 Main PC Box Girder Bridge

1) Foundation Works

¢ of the two main piers in the river will not disturb
the navigational waterway. The pier-to-pier distance of - about 290 meters.
will be enough for ships even during construction, Construction sites

on the platform in the river can be accessed by temporary bridges of
less than 100 meters from banks of each side.

The location

The variation in river water level is mainly caused by tidal
movement not by seasonal flood. The high water level is 1.5 to . 2.0 m
above MSIL through the year. Therefore, the elevation of platforms
should be kept higher than 2.0 m above MSL. .

'Reverse circulation drilling is the most suitable method for cast in
situ concrete piles with two (2) meters diameter and 56 meters in depth.
Approximately 15 meters of upper part of the piles will protrude above.
river bed, covered by steel casing pipes.

Water mixed with bentonite must be controlled to avoid discharge
into the river. :

These foundation works can be completed within 8 or 9 months.

2} Bridge Works

 The balanced cantilever construction by in situ concreting of the
segments should be applied to the main bridge works. The main ‘Span is
220 m long and side spans 110 m. ‘The bridge girder has a double box
type section and is to be divided into 84 segments, each of which is no
more than 5 m in length. :

A mobile carriage, with upper main beams is usually plaéed_above the
webs of the segments to be concreted. According to experience in Japan,
a large size mobile carriage could cover the whole bridge width of 17.9
M. : . : ' .

Concreting of main bridge, therefore, will be made at four (4) sites
to keep the balance of the cantilevered girders above the two ({2) main
piers. The prestressing method is not designated due to wide variety of
anchoring methods. :

The above bridging works can be completed in 10 months éince less
than 15 days are needed for each segment. :

Delivery of concrete to the site will be made by tdwer:dranésror
concrete pump vehicles, ' o '
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9.6.2 Approach Bridge and Approach
1)  Management of Bxisting Traffic

Most piers of the approach bridges are planned to be built in the
center of. the existing road. Twenty-seven (27} piers in ‘Thonburi side
and twenty-two (22} plers in Bangkok side will have to be constructed
without disruption of existing traffic.

The present carriageway width in Thonburi side is about 30 meters,
and its right of way width is about 40 meters. A 15 meters wide space
for construction will be required in the center of the ¢oad for
foundation piles and sheet piles. It should not be difficult to prepare
two temporary 2-lane carriageways in each direction within the remaining
25 meters.  However, a stretch of about 100 meters from the intersection
with Charoen WNakhon road to the river bank in Thonburi side has an
elevated access road - in the road center, which may cause the traffic
‘management difficulties unless a temporary steel bridge is constructed on
the north side within the right of way. '

A difficult portion in terms of traffic management in Bangkok side
iz seen around four (4) piers (P 39 to P 42) near the intersection with
Charoen Krung road due to the 16.5 meters wide foundation. The
arrangement is possible, however, by relocating side-walks. The
construction strategies described above are outline in Fig. 9.6.1.

2)'_Construction Noise Control

Driving precast piles of 60 cm diameter for the approach bridges
could be a serious source of construction noise. According to the
experience in Japan, the noise level by diesel hammer was measured in
the range of 93-112 decibel, dB(A) at a distance of 10 m from the
driving site, and 80-90 dB(A) at 50 m from the site. It is already a
common practice for coptractors to cover the driving machine by a noise
. prevention cover in the city works, so that the noise could be less than
80 dB(A) at 30 m from the site.

It may be noted that the subsoil in the project area can be said to
be soft with N value of 20 at around 30 m depth and less than 5 upto the
depth of 15 m. The amount of hammering would be less than in case with

hard soil.

3) Site Safety Control

- Approach bridges of about 1,500 meters long will be contructed over
thé existing trunk road with densely built-up areas and along its
length. Measures to- minimize hazards and d}styrbances to trafflc and
other general public should be given high priority. The following are

~some of measures for the purpose.
- Moving of construction machinery and materials could bhe done
' during the night.
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4)

Tewporary traffic signal or flag~51gn bearer should be placed

where construction machinery is in operation.

Excavated holes for pile cap construction should be kept from
collapse by sheet-piling protection;

Concretlng works above the level of 3 meters should be covered by

“"nets or other covered sheets:

. All activities of self running construction machines should be

under the control of a site manager. Idle machines should be kept
outside the road area,

Construction Schedule Contfol

A key point in construction will be keeping the construction period

as . short as possible, The Study Team envisages that the following
methods and work periods as shown in Fig, 9.6.2 would be reguired:

a)

b)

qundatioh-& Substructure Works

A set of dieSel hammer will have to be installed on both Thonburi

and- Bangkok side to complete the foundation works within % months.
Erection of the pier can be done within 1 month immediately after
the "completion of the foundation works. The total construction
period for substructure works is estimated at 10 months. A total
of four (4) construction sites, two sites of piling works and two

- gltes "of  pler concreting works are assumed for minimum
. interruption to traffic.

PC Box Girder Works.

PC box girder type approach bridge is to be constructed by a
movable form work, with hunger type movable steel girder installed
on the span to be concreted,

The width of the bridge designed, however, partly exceeds 20
meters even for one side of the bridge. As this is generally
considered to be: the maximum size for this kind of movable forms.

2 sets each on Thonburi and Bangkok sides, totaling 4 sets of

movable formwork may have to be installed to complete the bridge

- works within 12 months since 20 days are required for 1 span.

c)

"RC Hollow Slab Bridge

‘An RC continuous hollow slab bridge is proposed- in the low pier

sections at the ends of the approach brldges. These ¢ould be
concreted on forms supported by staging in order to avoid
disturbing the public and traffic.
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- d) Abutment Structure

. An ;abut.?nel.}t structure is proposed for the access. portion on the
-Bangkok side. - The foundations of 22 x 22 om RC precast piles
¢ould be driven by vibration hammer to avoid construction noise.

9.6.3 ."Co'ns'truction Schedule Estimated

o The. construction schedule of this bridge project is estimated at 36
months as follows: ' :

~ . Preparation and mobilization 3~6 months
~  Substructures of main bridge and

approach bridges 13 months
- Superstructutes of main bridge and

approach_bridges 18 months

-  Other inf:erc’:hanges and approach
works, and pavement works 3-6 months

9.7 -Cost Estimates
971 General
1) Exchange Rate

~ Prices used to construction cost estimates were as of October 1986,
and the exchange rate used were: '

US dollar 1.00 = 26.1 Baht = Yen 153

2)° Contractors and Labour Force

" The current membership of the Thai Contractors Association exceeds
500. The capital of each firm ranges from 15 to 35 million Baht. Some
are experienced even in field reqguiring high technicaill. level. Their
‘activities are regulated by the Construction Profession Cont;:ol Act

issued in' 1979.

Ac'cg-rding-_tp‘a survey of the labour force during the agricultural
season in 1982, about 500,000 or 2% of the total employed persons were
engaged in construction, repair and demolition.

3) Market Price Levels

- The JICA Study Team sent guestionnaires on "cdst .ba'sis to seven (7)
selected contractors who are experienced 1n highway or bndg.e
construction pt'o'jects ‘in Thailand. The results are shown in Pg;)pendlx
0,701 Machinery rental charges in Bangkok are compared Wlth the

9~-39



Japanese Depreciation Table 1984 {ssued by the Japan Constfuction"

Mechanization Association.
transportation charges from machine produci

4)

a)

b)

It can be concluded that the effects of sea
ing countries are negligible.

Taxation and Cost Component

Income Tax

According to the Revenue Code of Théiland,' the "tax ratios on
private income may be summarized as follows: : ‘ : :

Potal Taxable Amount Tax Ratio
less than 40,001 Baht : 7%
40,001 - 90,001 Baht 10 %
over 2,000,000 Baht . o B5 %

The definition of the taxable amount is the balance of the total
income of the year after deduction of approved essentlal living
charges either 30% of total income or less than 40,000 PBaht per

year.

The income tax of construction workers, therefore, is almost
negligible except such monthly paid workers as machine operators,
foremen, and expert workers who get on annual income of more than
40,000 Baht.

Company -income tax of a contractor as a firm is either 35% of
total proflt or 5% of gross 1ncome for the year.

The income tax of contractors of progects,'may be estlmated as 5%
of the contract amount included in their overhead.

Customs Duty and Business Tax

According to the Custom Tariff of Thailand . 1986, the custons
duties and business taxes on imported goods are calculated as
follows: _

4

Custom Duty CIF price x Rate of Duty Ceeeieas {1)

4

Buginess Tax
110%

(CIF price + Duty) + 1108 o
P e U y) X (100_ P) x Tx }90 X 109 X 98%-"f"'_(2)

where P Rate of Sténdatd'Pfofit:(%).
T : Business Tax Rate (%)

100% of T allows for the addition of local tax, “and. 98% of total
business tax represents the deductlon due to. advance payment at
custom office,

The total tax amount on 1mported goods, therefore,'was calculated-'
as the total amount of (1) and {2) as shown in Appendlx 9, 7 1.

9--40



¢) Cost Components

‘The project cost is generally required to be devided into foreign,
local and tax components.

The Study Team applied the calculated data shown in the Basic
Input Output Table of Thailand issued by NESDB.

5) Capital Cost

‘The foreign component as estimated in this study turned out to be
about 40% of the total, which is same as previous estimates for similar
projects in Bangkok: but smaller than those for other developing
countries. '

- Detaliled cost calqulation papers were submitted to PWD as Internal
Working Paper No. 3 in February 1987, Procedures taken and assumptions
made in the capital cost estimation were as follows:

a) Itemized cots were estimated based on the quantities determined

: from the preliminary design work carried out from November 1986 to
January 1987. Relevant drawings are attached as a separate volume
"Drawings Volume®,

~b)  Temporary work costs considered were itransportation of machinery
to ‘the site and partial sea transportation, site survey, temporary
facilities, construction noise control, existing  traffic
management, safety control, land rental charges, engineering
quality control, site office and site office operation,

¢) Overhead cost of about 30% of the total direct cost were allocated
including 'site management charge, some business tax amount
excluded from the direct cost, head office management cost with
profit and the income tax (5%) of the contractor;

d) About 7.5% of the total construction cost were added as physical
contingency. Price contingency was neglected;

e} The Engineering Service charge was estimated at 10% in total, 3%
as detailed design charge and 7% as construction supervision
‘charge.

£) Land acquisition cost and compensation cost for buildings and
houses were estimated based on the price source given to the Study

Team by PuWD;

g) Economic.costs were calculated excluding the tax component from
the capital cost.

6) Maintenance Cost

.Three (3) kinds of maintenance cost per km were.estimated ﬁor the
long span PC bridge crossing the river, short span bridges and viaducts,

"and cement concrete surface roads.
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The wmaintenance cost for the long span PC bridge was estimated at
sbout 500,000 Baht per km or 0.3 x 1072 x construction .cost, .the
maintenance cost for viaduct was estimated. at about: 200,000 Baht per km
or 0,1 x 102 x construction cost. The soutce was given. at the
Symposium on Bridge Repair Maintenance ‘and Rehabilitation sponsored by
the International Association for Bridge and - Structural Engineering

(IABSE), Washington in 1982. . o

The maintenance cost of  the cement concrete surface road was
estimated at 26,000 Baht per km based on the past records of DOH..

9.7.2. Cost of New Krungthep Bridge
1} Capital Cost.

Capital costs of the New Krungthep Bridge Project are summarized in
rable 9.7.1, Details itemized costs are shown. in appendix 9.7.2,

2) Maintenance Cost

The annual maintenance cost of ‘the New Krungthep . bridge was
estimated as a total of the main river bridge of 0.42 km, the approach
bridges of 1.42 km and the access roads of 0.36 km, as shown in Table
9,7.2. .Detailed breakdown of the maintenance costs per km is shown  in
Appendix 9.7.2. : S :

3} Main Materials
The main materials for the project is'listed in Table 9.7.3 as shown
hereinafter, it is noted that the total concrete volume to be placed in

the site is 86,700 cu.m which will require to operate mixing plants more
than twe {(2) sets.
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Tabie 97,1 Capital Costs of New Kiungthep Bridge

{(Unit: 1,000 Baht, .
_ R October 1986 prices)
Ttemn Financial Components (%) Economic
Cost . ¥ I Tax Cost

a{'Cphstrucﬁion Cost

‘Main Bridge Work 314,282 39.2  60.8

_Bridge 9.8 283,474
Approach Bridge - 397,376 35,7  64.3  10.7 354,918
Interchange & Access Rd. _125,967 34.6 65,4 10.0 113,421
Temporary Works 233,000 47.2  54.,%. 15.5 196,885
Direct Cost Total 1,070,625 39,1 60.8 8.9 948,698
“Overhead 314,449 45.5 = 54,5 35,6 202,504

Total ‘Construction Cost 1,385,074 40.5 59.5 16.9 1,151,202
PhYSical Contingency 114,926 40.5 59.5 16.9 95,503
' Total . 1,500,000  40.5 59,5 16.9 1,246,705

h) Enginéering Service
. Detall Design Cost 45,000 57.4 42.6 9.3 40,807
Supervision Cost 105,000 40,7 59.3 11.5 92,880
| Total 150,000 40.4  59.6  10.9 133,687

@) Land Acquisition

Land ‘Acquisition 183,000 - 100.¢ 4.4 175,000
Compensation. 52,000 - 100.0 3.8 50,000
Total 235,000 - 100.0 4.3 225,000
. Total Capital Cost 1,885,000 - 35.4 64.6 14.8 1,605,392

Note: F, foreign component
L, local component
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Table 90.7.2 Maintenance Costs of New Krungthep Bridgs o
(Unit: 1,000 Baht,
. pctober 1986 prices)

: _Financial :Compohents (%)'-‘ - Economic
Item " Cost R L ) _Tax ' Cost.
a) Bnnual Maintenance Cost
of Main Bridge : _ L
(0.42 km) o 221,391 - 33.2 66,8 - 7.6 204,483
b) Arinual Mainﬁenance Cost
of Approach Bridge : 7 - g S
{1.42 km) _ 284,465 27.7 72.3 8.1 261,557
c).Annual-Maintenance Cost
of Access Road : '
{0.36 km) 9,232 20,3  79.7 6.0 8,682
Total - 515,088 29.9 70.1 7.8 474,722

Note: F, foreign component
L, local component

Table 8.7,3 Main Materials for New Krungthep Bridge

Main _ Approach

Item / Site. Bridge Bridge Others K Total-
Concrete cu.m
fc = 350 kgf/sq.cm 13,890 18,310 1,710 33,010
fe = 300 kgf/sq.cm 13,370 - S - 13,370
fc = 240 kgf/sq.cm 10,120 23,220 6,040 39,380
Total cu.m 37,380 41,530 7,750 86,660
Cement ton | , oo
0.38 ton/cu.m 14,200 15,780 © 2,950 32,930
PC Tendon ton 1,270 1,730 160 3,160
Re-bar ton 3,470 © 5,940 1,260 10,670
Embank cu.m - - 13,500 13,500
PC pile 0.6 m dia. - 35,550 - 9,350 - 44,900
RC pile 0.2 x 0.2 m - - 9,600 9,600
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9.8 Ecoromic Evaluation

. .The method of estimating the awount of benefit in monetary terms has
been _desazibﬁd in Section 4.6. The procedure was applied for the
assumed opening year of 1991, the tenth year of 2001 and the twentieth
year of 2011 to obtain annual beénefit amounts for the three years.
Benefits - for the intermediate vyears were estimated by means of
1nterpolat10n. - : : '

The' method and the results of the estimation of project costs are
descrlbed in _thn preceding Section 9.7. FEconomic costs of construction
and maintehance ~works were determined and year by year stream of
construction and maintenance costs were established, '

~The residual value of the bridge and approach structures at the end
of 20 year period, i.e. year 2011, should be the initial construction
qqst; less the amount needed to restore the whole to the initial
_conditions. : : : T

“The total life of superstructure is normaily‘ considered 70 years
whereas the substructure is considered to have an vnlimited life. The
replacement of the superstructure at the end of its life would cost 60%
_ of theé initial construction cost. Taking a straight line depreciation,
the residual value at the end of the 20 year period was determined.
- Eighty three percent of the initial cost was assumed at the end of the
20 year project period and was counted as a negative c¢ost in the year
2011, B

f Benéfit stream and cost stream thus derived are presented in
Appendix 9.8.1.

Stan&ard economic  evaluation procedures were taken against these
streams of: costs and benefits and the results are shown in Table 9.8.1.
The construction of the new Krungthep bridge as proposed in this report
is" soundly economlcally feasible. The prOJect would yield an internal
rate of return of 20.7%.

If the total project cost overruns by 15%, the internal rate of

return would drop to 18.9% and likewise it would be 18.6% if the benefit

stream is uniformly 15% less. In either cases the project 1is still
economically justificable.

Table 8.8.1 Economic Evaluation of New Krungthep Bridge

Net B/C Internal

Present Ratio Rate of

Value at Return

Case at 12% 12% e

~ : (Baht million) _ )

“Base ' 1247 2.09 20.71
Cost 15% Up' 1075 1.82 18.86
Benefit 15% Less 888 1.78 18.57
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9.9 Other Considerations
1) Environmental Considerations

The general environment of the existing Krungthep bridge is. not
particularly attractive, peing at the fringe of the central part of the
city. On the Bangkok side old warehouses with piers and jetties decaying
due to the lack of attention because of - inactivity line the shore
upstream of the bridge. The. adjacent land downstream is occupied by a
customs training center and then by a private slipway. ~On-the Thonburi
side the bridge lies between a concrete batching. plant and a rice mill on
the upstream side and warehouses on the downstream side, .- No

aesthetically appealling structure exists on either side of“therriver'at
this location. Approaches to the bridge are lined with ordinary two or
three storey shophouses, None of them nor the street view itself can

hardly be ¢laimed to be aesthetically appealling.

The work on approach structures would ine the general view of this
area a modern look, if ‘not aesthetically superior. To the residents and
customers of - shophouses along the road who would - remain 'a_ftér
construction of the approaches their view would be geverely limited by
the overhead structures. However, a general improvement of the area is
possible by landscaping and provision of facilities such as parking
spaces and park facilities. :

The new main bridge would not cause any significant changes7tofthe.
general view if its height is similar to the existing one. However, the
addition of a high bridge towering over the existing bridge would be a
major change in the general view of. the area. It will dominate the
landscape. The combination with the existing low bridge would give the
viewer a somewhat uneasy feeling. If there are structures with profiles
making valuable aesthetic contributions to the skyline of the. -area, a
high structure blocking the effects of those -beautiful structures is
certainly not desirable. However, it is decidedly not the case for this
area. The aesthetic disadvantage of a high bridge would  be minimal in
this area. It may even be speculated that such .a dominant structure
would give a focus in this otherwise non-descript area and may induce
some orderly urban development in the surrounding areas. This may be
judged from the Frontis piece. ' -

Other factors such as ecological effects should be given due
consideration during the detailed design stage.
2) Comments on Project Scale

The recent big highway and bridge construction pfdjécts in Bangkok
are listed below with their construction costs: :

Costing .
Year Project . Planned Project Cost
1977 Sathorn Bridge _ Baht Y] Million

{1,181)
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- Table 9.8.1  List of Highway and Bridge Project Costs in Bangkok

- Costing
Year : Project Planned Project Cost
1978 First Stage Expressway Baht 1,283 Million
Phase (1) 8.9 km {1,859)
1979 First Stage Expressway Baht 1,621 "
. Phase (II) 7.9 km {2,078}
1980 New Memorial Bridge Baht " 855 "
{971)
1981 Nonthaburi & Baht B58 »
Pathumthani : (908)
1982 _ First Stage Expressway Baht 7,119 "
Phase (111} 10.3 km (7,262}
19886 ' New Rama VI Bridge Baht 1,300 "
: _ {1,300}

Note: Costs at 1986 prices are in parentheses.

The total project cost for each as packaged project in the past 10
years ‘has been around Baht 1,000 Million except for Phase III of the
first stage expressway project, which was subdivided into three
subprojects of two approach bridge projects and the main Wat Sai bridge
. project.

The Baht 1,885 Million estimated for the New Krungnthep Bridge
project may be somewhat higher than past projects in Bangkok., It is
natural, however, that urban infrastructure construction projects tend
to become costlier as land use intensifies.
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CHAPTER 10

EXISTING CONDITIONS AND REVIEW OF EXIST!N.G STUDY

10.1- ExhﬁngCon&tMns.
4011 Existing Road Conditions

Seven existing roads, namely Phet Kasem Highway, Wutthakat Road,
Ekkachai Road, -Sukha Phiban Road, Phatthanakan Road, Soi Nil Kaij Road,
and Middle Ring Road are located or under construction in the  area
gurrounding the survey site as shown in Fig. 10.1.1.

1) Phet Kasem Highway

" Phet -Kasem Highway is a National Highway of Route 4 connectmg
Bangkok with Nakhom Pathom. Its traffic volume was counted at 54,000 -
74,000 V/D 1nc1udmg motorcycles in 1986. The road is of 6 lanegs {both
dlrectlons} with a medlan but without shoulders in the area close to. the
center ‘of Bangkok. Bridges crossing Khlongs were constructed .as 4-lane- .
bridges but expansion work is underway to make them 6-lane bridges. The
outer lanes of this highway are used for short time car - parking -and
exclusive bus lanes (part time}, Thug generally, the total ¢f traffic
lanes of the highway in this section is 4. The width of this highway
west of the Wat Chanpraditthawan is 6 lanes (both directions) divided by
a median and with shoulders. Bridge are constructed as 6-lane bridge,
In this section the outer lanes of the highway ate also used for short
time car parking and exclusive bus lanes. Buildings (3-5 stories) are
located close to both sides of this highway.

2} Wutthakat Road

Wutthakat Road is located in a built up area with 2 lanes without
shoulder. This road 1is to bhe overpassed by the project road:
Therefore, -a suitable valley is required among buildings, which
generally stand close to both sides of the road.

3 'Ekkachai 'Road

Ekkachal Road is now under rehabilitation work £inanced by IBRD,
whlch is o be completed in August 1987 as a 4 lane dual carriageway
with shoulders. However no widening work is planned for the congested
-section from the center of Bangkok to the intersection WLthr.SDl Nil Kaj
~ of -the - paved - 2-lane road, which connects the Ekkachai Road and

Phatthanakan Road.
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4) - Sukha.Phiban Road

Sukha Phiban Road connects Phet Kasem Highway and Ekkachai Road.
This ig a 2-~lane road (both directions). Many houses are located along
the: existing road about 1.5 km from the Ekkachai Road to Phet Kasem
Road. - BMA rcently improved the rxoad to 2 lanes with shoulders and
pedestrian path on both sides, :

5} Phatthanakan Road

Phatthanakan Road runs parallel with the Khlong Phasi Charoen
between the Sukha Phiban Road Wo. 1 and the Wutthakat Road. The road is
only one lane with shoulder allowing vehicle passing or overtaking.
Recently potholes in the pavement were covered and a wooden bridge was
replaced by a precast concrete bridge.

6). Soi Nil Kaj Road

rSoi: Nil Kaj Road connects Phatthanakan Road and Bkkachal Road
‘passing through an agricultural area. The width of this road is about
6.0 .m and traffic volume low. In some parts, new housings has been
constructed along both sides of the road.

'7) . Middle Ring Road (MRR)

The Middle Ring Road in the 3 km stretch between Phet Kasem and
Taksin Road is under construction for a flyover crossing of the Mahachai
Railway and the elevated roadway on the Thoetthai Road (Wutthakat Road).
The responsible agency of the project, BMA, reported that it planned to
open the MRR in 1988 completely at the steering committee of the project
on 16th April 1986. The road will have 8 lanes.

8) - Outer. Ring Road (ORR)

Thé 7.7; km stretch of Outer Ring Road between Phet Kasem Highway
and Thonburi-Paktho Highway has also been under construction since
February 1986, and is to be completed by January 1988,

10.1.2 Land-use

" In the project area the built up area extends along an existing
roads and khlongs within a band of 200 m to 300 m in width. Regarding
Phet Kasem Highway, housings development is taking plgce to the northgrn
side  of the road, and as for Ekkachai Road, housing and commercial
deVélement is gradually extending both northwards and southwards,

Existing land-use in the area between Phet Kasem Highway and
Ekkachai Road is almost entirely agricultural, Urban development in
this area has been slow due to shortage of roads. When the Project Road
is constructed in this area, housing development will be accelerated.

' ' 10-3



The Project Road will induce development pressure in’the area. The
rroject Road can be called a development road because cﬁ the Eol].owmg

a) Bangkok N01~Nakhorn Chaisri nghway was - constructed in 1982, The
road was constructed in an agricultural area like the Pro;ect Road,
In the four years since, many houses, factories and commercial
buildings have been built along the road within 200-300 m. As
mentioned in Section 4.4. Population growth in this area has been

rapid.

b} Many housing estates are being implemented ‘along Sukha Phiban
Road.

¢) The study area will be directly connected to MRR and ORR by the
Project Road. BSo, the development potential in this area is very

high.

10.1.3 Existing Khiong Conditions

Two comparatively wide khlongs namely Khlong Phasi Charoen  and
Khlong Dan exist in the study area. The width of the khlong Phasi
Charoen is about 20-25 m and it flows from west to east. Many small
wooden houses are located along the khlongs on both sides.’ The width of
the Khlong Dan is about 20-30 m and there are also many small wooden
houses along the khlong on both sides. The general conditions of the
other small khlongs are almost the same. Width - of small khlongs is
about 5-10 m many and small wooden houses are “located along these

khlongs.

10.14 Water Levels

1} General

Bangkok Metropolitan Administration (BMA) is examining the flood
control system in Bangkok and its surrounding area. ‘Master Plan and
Feasibility Study on EBastern Suburban Bangkok Project was conducted by
Japan International Cooperation Agency (JICA) in 1984 to. 1985 and the
City Core Project on East Bangkok Main Polder was studied by the
Government of Holland in 1984. .

Basic analysis and planning of the flood control system on the
Bangkok side has thus already been completed by the above mentioned
studies. On the other hand, the basic analysis on the Thonburl 51de has
been just commenced as below: :

- Improvement of. Canals in West Bank of the- Chao' Phraya 'River
Project was planned in 1985 by Department of Drdlnage and Sewerage
{DDS), BMA, . .

- Internal Drainage Polder of Thonburi Areca in'West Bank Main Polder
- Project is to be studied by the Government of Holland in 1986 to
1987,
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~ The Flood Protection of Bangkok Chao Phraya II (West bank Inland
Dyke - By Pags) Project will be also studied by Government of
Austria. Both project sites are illustrated in Fig, 10.1.,2.

Improvement of sidewalls of waterways and pedestrian path on
existing khlongs and gates. at the Chao Phray River are also under
construction by DDS, BMA, This improvement plan covers the. Khlong
Bangkok Yai, Klong Dan, Dao Khanong Chom Thong and Charoen Nakhon Road.

2) High Water Level in the Study Area

As mentioned above, study and basic analysis of the flood control
system in Thonbuti area has not been completed, so the basic - data for
examination of high water level is not read yet. ~Khlong Phasi Charoen
runs parallel with Phet Kasem Highway in the study area. The high water
level of this khlong in 1983 was about 1,6 m above MSL. TFlcods have
occurred frequently in the past decade such as in 1975, 1978, 1880, 1983
and 1986. '

The high water level in 1983 may have been the highest of the periecd
of 1960-1983, seeing the highest water levels recorded at regulators
along the Chao Phraya River and the Tha Chin River.

Therefore, it may be possible to consider that the high water level
in the study area is 1.6 m above MSL. However, when the Internal
Drainage Polder of Thonburi in West Bank Main Polder Project is
completed, this high water level should be reexamined.
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10.2. . Review of Existing Study Report and Related Project

10.2.1 - Review of Existing Study Reports

-‘l‘here- are three existing study reports for Thonburi Road Extension
Project which were prepared by Cowi Consult and AEC.

1} PFeasibility study of Thonburi Road Extension Report by Cowi

. The feasib_ility study was carried out in 1976 based on seven major
alternative routes, namely A, B and C, and their combinations.

a)

b)

c)

d)

e)

£)

9)

The conclusions and recommendations of this veport are as follows:

The comparative evaluation of the alternative projects concluded
that the optimum alignment of a road from the proposed Sathorn
Bridge to Phet Kasem Road will be an "A short" alterpative. In the
further design work, it should be determined whether A-A2 or A-

Al-B sghould be selected. The alignment terminates on Phetkasem
~Road approximately 2 kms west of the junction with Charan Sanit

Wong Road. The alignment is preferable both in terms of economics
and in term of environmental impact,

It is further established that this alignment will be the optimum

one irrespective of which of the three urban development plans
would be realized.

The optimum opening year of the road would be 1980,

The estimated time for completion of the project is 36 months
including the design and tendering periocd.

The alternative alignments, denoted A long and B short and B long
would also be economically feasible. The alternatives, however,
yield considerably less economic returns than does "A short".

it may further ' be concluded that it would be economically
advantageous to construct, at about 1990, a continuation of the
Thonburi Road Extension Ffurther westwards joining the Phet Kasem

Road west of Bang Khae.

A decision in this respect is not reguired, however, until around
1985; and it should then be made after a reevaluation based on the
development then realized and to be foreseen in terms of land use

~and transportation west of the Chao Phraya River in general and in

the direct influence area of the road in particular,

2} Feas_ibili,ty Study of Thonburi Road Extension by AEC

The feasibility stud
alternative routes, namely A through

y was conducted in March 1986 based on four
D. The c¢onclusions and

recommendations of this report are as follows:

10-7



a}

b}

<)

d)

e)

£}

3)

Based upon the economic evaluation; ' and taking into account
operational, environmental and developmental c0n41deratlons it is
recommended that alternative A should be 1mplemented with f£lyover
bridges at Taksin Road and Ratchada Phigek Road. The recommended
gtructure for the Taksin Road flyover is Alternative  2:

prestressed concrete simply supported girder bridge.

This finding conforms with the "B—short" route recommended by Cowi
Consult. : ' : '

{RR of each alternative routes A to D is calculated as 28.82%,
26.99%, 23.52% and 24.41% respectively. :

The optimum opening year of the road would be 1991,

The estimated time for completion of the project is 66 months
including the design and tendering period. S

Implementation is recommended in three phases:

Phase 1 - at-grade road between Taksin Road and Ratchada
Phisek Road; :

Phase 2 - flyover at Taksin Road;

Phase 3 - - Rétchada Phisek Road +to Phet Kasem Highway,
incorporating a flyover at Ratchada Phisek Road.

It is strongly recommended that Phase 2 and 3 Should be
implemented simultaneously in order to achieve the full benefits of
the Taksin Road flyover at the earliest possxble date.

Detailed Design of Thonburi Road Extension Réport by AEC -

The detailed design of section about 2.0 km long between Taksin Road
and Middle Ring Road (MRR) was conducted in November 1986 by AEC hased
on the feasibility study of Thonburi Road Extension Report. Outline of
the detailed design are as follows: )

a)

b}

c)

d)

e)

60 km/hrx - 80 km/hr design speed was adopted.

Proposed road helight was adopted at 2.30 o to 2, 60 m above MSL and
5.0% max1mum gradlent was adopted

The road was designed for 6-lane with frontége'road and side ﬁalk
on both sides. 3.25 m lane width was adopted for through traffic
lane. : . ,

Intersection with Taksin Road was designed a_as.grade’séparated
intersgection. : :

Intersection with MRR was de51gned as an at-grade 1ntersect10n
with three legs. -

10--8



f) - 19.50 m width central reservation was maintained for future Mass
Transit System (stage 2),

4) Others

a) STIR Report

~ STTR Principal Finding Report by HFA, July 1985. The short term

urban transport review of Metropolitan Bangkok was studied by HFA
Consultants,

Sathorn Road Extension (No. 503) is listed in the project sheets
recommended to NESDB. Sathorn (Thonburi) Road extension west of
Taksin Road was proposed to connect with Phet Kasem Highway at
about 2 km west of junction with Middle Ring Road. This concept
is almost the same as the "A" short route proposed by Cowi consult
in 1976,

b) Generxal Plan of DTCP

According to the General Plan prepared by DICP, it was found that
New Ring Road is almost the same as their Intermediate Middle Ring
Road and the alternative route which connects the COWI short route
and the interchange proposed by New Rama VI project is almost the
" same as the route for the future 3rd stage Expressway.

10.2.2  Related Projects

There are two roads under construction, namely Outer Ring Road and
Middle Ring Road, and three planned roads, namely Intermediate Middle
‘Ring Road, new connection road and Thonburi Road Extension in and around
the area. In addition to these roads, two mass transit lines nawmely,
thé Sathorn line and the Memorial line are planned as stage 2 plan of
the MRT by ETA.

Above mentioned projects are illustrated in Fig. 10.2.1 and outlines
of each project are summarized below:

1)  Outer Ring Road (ORR)

The. stretech of ORR in the study area is under construction by
" Department of Highways (DOH) and it will be completed in 1988.

As shown in Fig. 10.2.1 its alignment crosses at the point on Phet
Kasem Highway 7.5 km from the intersection between FPhet Késem ﬁlghway
and'Middlé‘Riﬁg Road and passes through to the southern direction and

connects with Ekachai Road.

d of this road is 80 km/h to 100 km/h and it is

ee
The design sp 2.5 m shoulder.

planned as a 4 lane dual carriageway with
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2) Middle Ring Road (MRR)

The part of MRR in the study area is under construction by BMA. Tt
will be completed in 1987. The alignment is shown in Fig. 10.2.1.

The design speed is 80 km/h and it is planned as a 8 lane dual
carriageway.

3) New Connection Road to Rama VI Bridge

This road is planned by PWD. This will connect Rama VI Eridge
approach road with the Project Road and may be completed by 2001.

4) Intermediate Middle Ring Road

According to the General Plan prepared by DTICP, Intermediate Middle
Ring Road is planned in parallel with the existing Middle Ring Road
crossing Phet Kasem Highway, Ekkachai Road and Thonburi~-Paktho Highway.
Tt will be planned to open before the year 2001.

5) Thonburi Road Extension

A part of Thonburi Road from Taksin (Sathorn) Bridge to Taksin Road
is already open-to public and the section from Taksin Road to Middle
Ring Road had been under detailed designed which was completed in
October 1986 by PWD. Its construction is planned to be  completed by.
1991. :

6} Mass Transit System

Three mass transit lines, namely the Rama line, the Sathorn line and
the Memorial line are planned by ETA as shown in PFig, -10.2.1. . Its
construction is divided into 2 stages, stage 1 and stage 2.
Prequalification of firms for stage 1 of Mass Transit System was called
in 1986. The implementation schedule of the stage 2 of Mass Transit
system has not been examined. :

The alignment of the stage 1 of Mass Transit passes in the northern
part of Bangkok. Therefore, the New Krungthep Bridge and the Project
Road are not affected.

The alignment of stage 2 of the Sathorn line and the Memorial line
is planned on Thonburi Road and Taksin. Road. Therefore, these basic
plans at related intersections are subject to discussion,

The related projects discussed ahove are listed in Table 10.231.-:
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Table 10.2.1  List of Related Projects

'Complétidn Desigh No. of

. Responéible _ . - , )
Project Name Agency Fr/S D/D _Imp}gmentatlon. Year Speed Lanes
‘R4 Under~ - - S ‘
Quter Ring Road DOH -~ Done Construction 1988 ?0 100 4
Middle Ring Road BMA -~ Done Under- 1997 . 60~§0 :é
- Construction .
Intermediate -
Middle Ring Road DTCP 2901_ 50-80 4
New Connection ‘
- —_ - ? - :
Road PWD ? 60~80 4
Thonburi Road ' o -
Extension PHD bone bone - _ 1991 - 60-80 6
Mass Transit : .
{Sathorn Line) ETA Pone - - ? = -
Mass Transit

. - - ? - -
{Memorial Line) ETA Done _ .
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103 Field Surveys
10.3.1 :COne-'Pen.etrom;eter Survey

?he Study Team conducted a site reconnaissance of 'ground surface
conditions together with the subscil in the project area. The whole

project area  is covered by soft Bangkok clay. Most parts are well
cultivated farmland with trenches. '

" The cone-penetrometer used for penetration test into the soft ground
is a simple and handy apparatus which can penetrate upto a depth of 5

meters. Its dialgauge shows the bearing capacity expressed by a cone
Value or dgc.

The tests were tried at the following 4 points as described below:.

a) Near Outer Ring Road accessible through Soi Rongrian Khlong Nong
Yai along Sukha Phiban Road;

‘h) At & cultivated farm with trenches accessible through Soi
Yimupleduun at the south side of Sukha Phiban Road;

c¢) Housing area named Chum Chon Bang Khuntien at the south side of
Soi Nil Kaj; and

d)' A g¢ultivated farm behind the Wat EKoh WNoon approachable £from
Phatthanakan Road.

There is no significant difference between the cone values measured
at each point. Results can be summarized as follows:

a} The area was observed with a high water, level, almost at the same
level as the ground surface even in the dry season of april 1986.

b} The maxiﬁum cone value of 8.5 was found only at the ground level
in the housing area.

¢} Other area's cone values are less than 5.0 which means that their
' bearing capacities are less than 7 ton/sq.m.

The penetration of a 3 meters long bar could be done very easily and
guickly into the ground anywhere in the area.

10.3.2° Subsurface Investigation

A subsurface investigation was carried out in this study. Locations
of bore holes- and soil profile are illustrated in the D;aw1ng§ Vo}ume
tbgéther with the boring logs. As a result of subsgrface %nvestlgatlon,
the following conditions were comfirmed. The soil P[Ofll? along the
Thonburi Road 'Extension route indicates that un@er a .thln lager of.
weathered surface clay a 10-13 m vhick soft clay line exists ?t a.level
of 10~17 m below MSL. This soft and med ium clay.is underlalnlby a 5-
15 m thick stiff to very stiff silty clay. The thickness of this layer
is about 5 m at the locations of horeholes B~1 and B~2; about 10 m at
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the location of borehole B-3 and about 15-17 m at locations between
Ratchada Phisek Road and Taksin Road. Underlying the stiff to very
stuff silty clay is a strata of medium dense to dense silty fine sand
where the borings were terminated. Detailed information is described in
the Subsurface Investigation Report.

The groundwater level is shown below from the results. of the
subsurface investigation.

Groundwater Level

{+MSL)
Borehole Existing Ground Groundwater Level
Bl l1.28 m 0.30 m
B2 1.00 m 0.0 m
B3 1.05 m 0.30 m

10.3.3 Topographic Surveys

Topogfaphic surveys including plane table surveys, léveling survey
and cross-section survey were conducted by the Study Team in 1986.
Location of survey sites were illustrated in Fig. 10.3.1.

1) Plane Table Survey
Following survey sites were conducted

Site A; Scale 1:1000
Site B; Scale 1:1000
Site C; Scale 1:1000
Site D; Scale 1:500
Site E; S8cale 1:500

The horizontal control network was arranged to identify the location
of the new Krunagthep Bridge, to aid in selecting the most suitable
interrelationship between the bridge approaches, and to establish
supplementary stations directing the positioning of the bathymetric
survey across the Chao Phaya River. '

Plane coordinates of the site maps emanated from utilisation of the
control stations of Thonburi Road Extension (TRE) Project which refer to
the Universal Transverse Mercator (UTM) Grid Systems Zone 47 with its
central meridian at 99 degree Bast of Greenwich. '

2) Leveling Survey

Leveling survey was conducted along ‘the existing Krungthep B:idge
and the proposed Project Road as shown in Fig, 10.3.1. This survey was
carried out at 50 m intervals., et e
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All elevations were based on the Royal Thai Survey Department Datum,
the same datum ag used in ThOnburl Road Bxtension ('TRE) PrOjeCt which is
" Mean Sea Level, Kolak Datum,

Tie llnes were run from existing first order benchmarks; BM 11 w1th
its elevation of +1.9054 meters from MSL, located within the compound of
Phra Pin Klao Hospital, Taksin Road, and BMS 8448, with an elevation of
 +2.4747 meters from MSL, located on the east abutment of the Krungthep
Bridge. - The coordinates and elevation of this latter benchmark have
already been plotted and shown on the relevant site map.

3). 'Cross-chtion Survey

Cross—section survey was conducted along the same alignment as the
leveling survey, This survey was also carried out at 50 m intervals.
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CHAPTER 11

ROUTE ALTERNATIVES

11.1 introduction

The ex1st1ng Thonburi Road which connects thé Taksin Bridge and
Taksin Road was constructed by PWD in 1982 and the Thonburi Road
Extension to Middle Ring Road is under detailed design also by PWD. The
Project Road is to be linked with the above mentioned Thounburi Road, and
posmbly connected to Outer Ring Road

Through a reconnalssance survey in the Project area, The Study Team
found that widening of the existing Phet Kasem Highway as a solution ‘to
trafflc problem is impossible due to difficulties in space acquisition
and in arrangement of diversion during widening works. Therefore, this
study has focused on construction of a new road.

11.2 Alternative Route Location
11.2.1  Locating Principles

Varlous possible routes are conceivable for the Thonburi Road
Extension {TRE) in the area bordered by Phet Kasem Highway, Middle Ring
Road, Outer Ring Road, Ekachai Road and Dao Kanong-Chamthong Road. The
following principles were taken into account in determining the
alternative routes:

a. To avoid wats ({temples), schools and other large buildings as much
as possible;

b. To avoid built-up areas as much as possible;
c. To avoid the crossing of klongs as much as possible; and

d. To minimize the construction cost,

11.2.2 L.ocating Methods

An exhaustive survey was made of existing schools, wats, other large
buildings and houses. The study area was divided into meshes of 40,000
Sg.M. (2000 m x 200 m) and locations of exlstlng obgtruction were
détermined in terms of the meshes. Fach mesh within the study area was

cla551f1ed into the following categories:
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Category 1

This should be absolutely avoided as the area containg wat, school
and other big public buildings.

Category 2

This should better be avoided as the area contains closely built
three (3) to five (5) storey brick or concrete buildings.

Category 3

This area is relatively difficult to pass as it contains two {(2) to
three (3) storey wooden buildings and houses which are crowded,

Caéegory 4

This area is not so difficult to pass as it contains only some
wooden houses.

Category 5

This area is easy to pass as it contains no buildings.

Fig. 11.2.1 shows the resulting land use classification indicating
the degree of difficulty in land acquisition,

A preliminary route selectlon study of the DrOJect was conducted
based on the results of reconnaissance survey and 1nformatlon for aerial
photographs at a scale of 1:6,000.

A more detailed route selection was carried out using the aerial
photographs at a scale of 1:2,000 which were enlarged from the above
mentioned aerial photographs. A plane table survey at a scale of 1:1,000
wad conducted for the most congested areas with houses and commercial
buildings. The final route selection in other urban areas was carried
out by use of topographic maps at a scale of 1:1,000.

11.2.3  Indentification of Alternative Routes

Various alternative routes are shown in Fig. 11.2.2 with combination
of segments.

1) Area between MRR and Wutthakat Road

This area is already a built-up area. There are many houses,
offices, buildings, schools and wats to be avoided in route location.
In this area, two alternative segments of Segment A and Segment B are
proposed. :
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Segment A:

The alignment of segment A passes through the southern part of the

most congested area of houses, and office buildings while avoiding wats,
schools and other big buildings. :

Segment B

The alignment of Segment B passes through the northern part of the
most congested area of houses, and office buildings while avoiding wats,
scheols and other big buildings.

2) Junction with Phet Kasem Highway

Considering the future road network, conditions along Phet Kasem
Highway and improvement of traffic congestion on Phet Kasem Highway,
four alternative routes were considered, namely Segment C, Segment D,
Segment K and Segment S.

Segment C:

The main purpose of Segment C is to ease traffic congestion on a
part - of Phet Kasem Highway, Intharaphitthak Recad and  Taksin
Intersection, The route is located at the site with the highest
possibility of construction, where a few obstructions for implemention
of the project road exist and a high accessability to the future road
network including New Connection Road proposed by PWD can be ensured.

Segment D:

The main purpose of Segment D is to ease traffic congestion on most
parts of Phet Rasem Highway. The route was chosen near the intersection
with ORR considering the future road network and accessibility to
existing roads.

Segment K:

This portion of Intermediate Middle Ring Road proposed by DICP will
work as an access route to Phet Kasem Highway. One possible alternative
ig to use this segment with no provision of other access to the highway.

Segment S:

'Thé existing Sukha Phiban Road is a narrow two lane road and will
require major widening work involving demolition of buildings if it is
to be .used as a major access from Thonburi Road Extension to Phet Kasem

Highway.

3) . Junction with Outer Riny Road

Fbr the possible junction with ORR, three alternative  segments,
Segment  E, F and G, were considered as shown in Fig. 11.2.2. The
‘connecting point of each segment is as follows:
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Segment B

1.5 km south of Phet Kasem Highway.

Segment Fi

2.5 km south of Phet Kasem Highway.

Segment G:

3.2 km south of Phet Xasem Highway.

11.3 Evaluation of Alternative Routes

11.3.1 NetWork Evaluaﬁon

The introduction of a major road to an urban area often has far-
reaching effects. This is particularly true in Bangkok where a large
part of the network is operated at or near capacity. Not only existing
drivers change their routes but others hitherto discouraged from driving
by dongestion may start making trips, and such additional traffic in
turn aggravate congestion in unchanged parts of the network and affect
route selection decisions for general traffic., -  Effects are quite
complex. It was decided therefore to evaluate the alternative routes by
means of examining effects on traffic in the road network particularly
on the west bank of the Chao Phraya River. ' :

1} HMethod

Traffic assignments by a computer model specifically developed for
this study were carried out for alternative networks of Bangkok
including each of the alternative Thonburi Road Extension routes. The
model Structure and assumptions are described in Chapter 4. Assignments
for the purpose were done for the year 1991 for the comparxison of
alternative junctions with Phet Kasem Highway, and for the year 2001 for
the alternative junctions with ORR.

Resulting traffic volumes and average link travel speeds including
intersection waiting time were compared link by link and at screenlines,
Traffic benefits were calculated for each alternative cases and compared
with their construction costs. :

2) Origins and Destinations of Diverted Traffic

Origins and destinations of traffic likely to divert to the project
road in 2001 are summarized in Tables 11.3.1 and 11.3.2 for the case of
the long alternative. Table 11.3.1 shows OsD of traffic on the segment
immediately west of Middle Ring Road and Table '11.3.2 sghows O0&D of
traffic on tbe segment west of Intermediate Ring Road. - On the eastern
segment 77% are river crossing traffic and 16% are trips within the area
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~ Teable 11.3.1  Origins and Dastinations of Diverted TraHic on Sagment A

. A : .

momto PRI T I e e

Bast Bank | -7, _10}-13, 11 23 - - 34
20, 22-25

West Near 8-9, 14-16 2607 699 - - 3306

West Middle 17-1%9, 21 641 111 - - 320

West Far 26, 27 151 169 - - 320

Total 3410 . 1002 - - 4412

Table 11.3.2 Origins and Destinations of biverted Traffic on Seament F

mn o Mgt e e v

East Bank 17, 10-13, - - - - -
: 20, 22-25

West i\lear 8~9, _14-—16 150 147 . - - 297

West Middle 17-19, 21 59 45 - - 104

West Far 26, 27 22 125 - - 147

Total 231 317 - - 548
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bordered by the river, Outer Ring:Road,rand-ﬁangkdk_NoifNakorn_Chaisi
Highway. On the western segment 42% are river crossing and 27% are
trips within the above area i the west bank., Long distance traffic with
origins west of Outer Ring Road and destinations . east.of the river .are
only 18% on the eastern segment and 15% on the western segment.

It is a common misunderstanding that urban trunk roads carry mostly
long distance traffic. People do so by extending personal infreguent
experience of using. such roads. However, as shown above, in most cases
heavily trafficked urban roads are used primarily for short distance
trips. The project road is no exception. ' - i

3) Difference by the Access Point with Phet Kasem Highway and . Outer
Ring Road - SR

Computer modeling runs were carried out for each of the four
different access plans of TRE to Phet Kasem Highway. for the 1991 worning.
peak period. Amounts of traffic benefit were calculated for each
alternative by comparing results with the do-nothing case. - .

Preliminary construction cost estimates were obtained on the basis
of per kilometer costs with allowance for structures. '

Table 11.3.3 shows traffic benefit per morning peak, construction
cost, and the ratio of the former and the latter. The case with the
Segment - C for the access to  Phet Kasem Highway shows the highest
benefit/cost ratio. o R _

pifféerence in traffic due to the alternative access. point to Outex
Ring Boad was examined by means of traffic assignment runs for the 2001 -
morning peak period. It was found that the difference between the three
was slight but the alternative with Segment F turned out to give the
best balance in traffic conditions in the road network.

Additional modeling runs were carried out for ‘the 1991 morning -
period for the case with Segment C and Segment F. and for. the case with
Segment F only. As shown in Table 11.3.3 the amount of additional
benefit in comparison with the case with Segment C only was &mall
whereas additional cost high, resulting in a significant drop in the
benefit/cost ratio. The case with Segment F and without access to
Phetkasem Highway results in so small benefit as to disqualify itself,
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Table 11.3.3 Benefit/Cost Ratio by Different Accoss Points

No TRE TRE Access Plans
c K D g F  C+F

| Total Traffic Cost 10.460 10,301 10.306 10.326 10.320 10,312 10.289

Traffic Benefit - 0.159 0.154 0,134 0.140 0.148 0.171
Construction Cost - 1.654 2,003 2.323 2.275 2.203  3.857

Ratio ' - 0.096 0.077 0.0%58 0.062 0.067 0.044

Note: Traffic costs are for 1991 morning peak period in million
Baht per hour. Benefits are in million Baht per hour.
Construction costs are in billion Baht.

11.3.2  Technical Evaluation
1) Area between MRR and Wutthakat Road

- Two alterﬁatiée“routes, Segment: A and Segment B were located in this
area. A comparison of Segment A and Segment B was carried out as shown
in Appendix 11.3.1 and Segment A was selected. The main reasons are &s
‘follows: : '

- Comstruction costs are almost the same.

- Horiiontal-alignment of Segment A is more gentle than that of B.

- Route B cannot avoid passing through part of the area bélonging to
Wat Nang Chi.

.2) Junction with Phet Kasem Highway

_~-F6ﬁi élternative routes, Segment C, Segment D, Segment K and Segument
8 were located in this area.

-a)5“Segmeht c
Following points were considered:

* Ségment C can be set in the area with few houses and other
building, ensuring an easy land acquisition.

% Least construction cost compared with Segments D, K and S.

* It is.comparaﬁively easy to extend the road to Rama VI Bridge
or Bangkok-Noi Nakhorn Chaisi Highway.
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b}

c)

a)

Segment D

Following points wéré considered:

*

Segment D cannot avbid many'existihg houses and:buildihgs.
It woﬁld be very difficult to acquire land for the road..

Construction costs including land acquisltlon and compensatlon '
are high. ; .

The.existing community'wiil be disrupted by this road.

Segment K

Eollowlng points were considered:

*

*

Segment K cannot avoid many exlstlng houses and bulldlngs. §
It would be very dlfflcult to acquire 1and for the road

It would be dlfflcult to access the existlng Phet Kasem Highway
due to the Khlong Phasi Charoen rung closely. to Phet Kasem
Highway, and 4.506 m navxgatlon clearance for this Khlong is

required.

it is comparatively dlffxcult to extend the road to Rama VI
Bridge or Bangkok-Noi Nakhorn Chaisi nghway. :

Segment S

Segment S is a part of the ex1st1ng Sukha Phiban Road widened to
accommodate heavier traffic. Followlng points were considered:

&

There are already many 3-4 storey buildlngs along the exlsting
road on both sides. L _ . .

It will be very difficult to acquire 1and and is expected to
incur high construction costs 1nclud1ng land acquisition cost
and compensation cost, :

It is expected that the existing brldge on Khlong Phasx Charoen
will be demolished. . . .

It is comparatively difficult to construct the —road while
keeping it open to traffic.
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3) Junction with Outer Ring Road (ORR)

Three alternative routes, Segment E, Segment ¥ and Segment G were
located -in this area. As shown in this report, various traffic analyses
were conducted for the alternative routes,

No -significant difference could be found among three alternative

routes. However, Segment ¥ seems to give the best overall balance.
Following points were considered:

114

The Segment F gives the least cost.

Regarding the land acquisition problem, Segment F and Segment G do

‘not pose  any problems, However, Segment E will reguire the
‘removal of 30-35 houses.

An existing community will be disrupted by route E.

Regarding the interval between intersections on ORR, each of the
three alternatives provides a sufficient length.

Regarding future extension to westward direction Segment E is
glightly disadvantageocus to considering the road network
configuration,

Selection of Alternative Routes

-ConSidering the effects of the Project Road on surrounding existing

road,

economic technical and environmental aspects, following Segments

were selected for the work of preliminary road design.

¥  Segment A
*  Segment C.
*  Segment F
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CHAPTER 12
PRELIMINARY ENGINEERING FOR THE ROAD

_'5_2.1 “Preliminary Engineering

In the preceding chapter, various alternative routes were examined
and the. optimum- alternative routes were selected. Preliminary road
design was carried out for the selected routes including Segment A,
Segment C. and Segment ¥F.

;Th¢; :esults of the preliminary design are illustrated in the
Drawings Volume which contains plan, profile, typical cross-section,
bridge and intersection design.

12.1.1 Design Standards
‘1) Geometric Design

- -Design standards for roads as published by relevant authorities in
‘Thailand are provided mainly for rural roads. The Project Reoad will
function as a rural as well as an urban roadqd.

Geometrié -design elements were determined -considering . local
conditions such as  types of vehicle, driver characteristics, and
functions and characteristic of the road.

Hoﬁéﬁér; the Thailand design standards were basically.adopted. The
main design elements of the adopted standards for 80 km/h are summarized
in Table 12.1.1.

2) Design Speed

The design speed is one of the fundamental elements affecting design
standards such as minimum curvature, maximum gradient, stopping sight
distance and other related design standards.

.The:aﬂ km/h design.speed on the Project Road was adopted. Major
factors determining the design speed are as follows:

a) Coﬂpafatively high speed is required considering the function and
. .characteristics of the road,

b) The désign gpeed of related roads such as Outer Ring Road, Middle
Ring Road and Thonburi FExtension Road are 80 km/h - 100 km/h,
80 km/h and 60 km/h - 80 km/h respectively.

c) Wheh £he'?roject Road will be completed, it is obvious that the

" average running speed will exceed 60‘km/h or 70 ﬁm/h due to the
route passing through the flat terraln. The 6951gq speed should
cover'the'average running speed for Keeplnd the traffic safe.
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Table 12,1.1  Dasign Elements

Design Speed km/hr ' 80
Minimum Radius of Horizontal )
Curve, R ' ome 280
Critical Radius for Using o
Clotheid m 1,800
Maximum Grade : - % 4
Length of Vertical Curve
{Parabolic)
Absolute Minimum R 70
Desirable Minimum _ m 140
Maximum Superelevation 3 4
Stopping Signt bistance .
- Absolute Minimum o m : 110
Desirable Minimum m 140
Carriageway Cross Slope g . 2.9
Sidewalk Cross Slope % i 2.0

122



d}

‘The . terraln of the study area is f£lat. 'The construction cost does
not differ by the design speed of 80 km/h or 60 km/h.

Typical Cross-section

a):

b)

c)

a)

Lane Width

. A maxlmum lane width of 3.5 m in rural area 1s specified in the

DOH standards. However, a lane width of 3.25 m was adopted for
the Project Road taking into account the lane width of the related
roads, Mpddle Ring Road and Thonburi Road Extension.

‘ Shoulder Width

The shoulder space is needed to serve many functidns as follows:

* o cohtribute_to traffic safety and traffic comfort by keeping
-lateral clearance;

% To provide emergency parking; and

* To contribute to the establishment of the drainage, traffic
signal and other facilities.

Generally speaking,rshouiders of urban roads within -Bangkok are

"not. provided due to the very high land value and difficulty in

acquiring- the land. But 2.5 m shoulder width for rural roads is.
established by the DOH standards. A 2,50 m shoulder width for the

Project Road was adopted taking into account the above mentioned

standards. The shoulder is meant for temporary parking. When a
vehicle stops on the shoulder for emergency parking or loading and
unloading of materials, it does not affect others in through
traffic lanes.

‘Median Width

.AgS;O m median width was adopted for the Project Road taking into

account the right turning lane, opening space for U-turns and

" allowance . for gufficient space for gquardrail, traffic signals and

go .on.  Minimum turning radii of passenger cars and trucks are 6.0

m and 12.0 m respectively. Passenger cars will be able to turn

around using inner lanes and the trucks and buses w111 have to turn
uqxng outer lanes. :

-Sidewalk Width

A 5:0m éldewaik width was adopted for the Project Road taking
into account the balance of Sathorn Bridge and Thonburi Extension

'Road which have 6.0 m pedestrlan path. Pedestrian paths may not

be constructed from the beginning. Space for them, however,

should at least be reserved.
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e) Right of Way
Based on the above mentioned each ‘cross—section components the
right of way width was determined. The embankment widths of the.
project Road at mass transit section, grade separation section and
at grade section were calculated as. 90,00 m, 60.00 m and 70.00 m
respectively. The right of way width is the embankment: width plus
embankment slope width and drainage space. .

. 4) Other Related Design Criteria

a) Vertical Clearance of Road

A 5.0 m vertical clearance was adopted in accordance with the
specified DOH design standards. :

b) Vertical Clearance of Railway

A 5.6 m wvertical clearance was adopted for Project Road taking
into account the 5.6 m vertical clearance at the gection between
Middle Ring Road and Mahachai Railway.

¢) Vertical Clearance of Khlong

The vertical clearance of khlong is described later in Section
12.1.6. '

12.1.2 Aiignmént Design'
1) Horizontal Alignment

The horizontal alignment in the area from Middle Ring Road to the
existing Khlong Dan was examined based on a topographic map with a scale
of 1:1,000. '

The horizontal alignment in the other area from Khlohg Dan to Phet
Kasem Highway and to Outer Ring. Road was examined based on aerial
photograph with a scale of 1:2,000 which was enlarged f{from -aerial
photographs with a scale of 1:6,000. Co :

Taking into acecount the route selection policy-and.gﬁidelines and
the results of the reconnaigsance survey and technical . study, the
horizontal alignment was decided as shown in the Drawings Volume.

2) Vertical Alignment

a) Contrelling Limits

The controlling Llimits of the vertical alignment 'study were as
follows:

*  Vertical clearance over roads at 5.0 m.
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Vertical clearance over the railway at 5.6 m.

Vertical clearance from the existing ground level on Khleng Dan

at 3.5 m.

Vertical c¢learance from the existing ground level on Khlong
Phasi Charoen at 4.5 m.

The vertical alignments are shown in the Drawings Volume.

b) Proposed Road Surface Height

The proposed road surface height was examined in the following

aspects:

* High water level

¥ Thickness of pavement

* Thickness oﬁ sub.grade

* Settlement and _residual settlement of embankment and its
construction method

*

Accessibility to houses located along the road

The proposed height of the Project Road was determined considering
the thickness of the pavement which should be above the high water

level. .
High water level 1.60 {(+MSL)
Thickness of sub grade 0.60
Thickness of pavement 0.40 {0.25 + 0.15)

Total 2.90 {+MSLY

Therefore, the proposed height of this road was determined at
2,60 m (tMSL}. The proposed height of related roads are shown
below as reference:

*
¥
*

Outer Ring Read

2.5 m
Middle Ring Road 2.,00m - 2,45 m
Thonburi Read Extension 2.30m - 2,60 m

12,1,3 Cross-Section Design

1) Traffic Capacity of A Lane

' The.traffic capacity per lane depends on land-use conditions along

the road, lateral clearance, longitudinal grade and

.Taking' into ‘account the
conditions in the future,

width of lane.

typical cross~section and land-use
the traffic capacity was estimated at 1,800

V/H per lane in this study.
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2) Numbeér of Lanes

The number of lanes was decided based on the comparison between
future traffic volumes and 1ane capacity.

as mentioned in the preceding chapter, the prOJect road is d1v1ded
into three segments of Segment A, C and Segment F. The number of lanes
on each segment are shown in Table 12.,1.2.

3) Cross-section

The Project Road can be classified into four sections considering
the type of road structure, number of lanes and related projects such as
the Mass Transit System.

a) STA.0 - STA.S

Typical cross-section in this area is shown in Fig. 12.1.1. Basic
considerations are as follows:

* TLateral clearance for the Mass Transit system of 16.5 m is
“planned as 16.50 m based on the typical cross—section of the
Mass Transit system prepared by ETA.

* 2 lane for through traffic for one direction is planned based
on the future, traffic volumes in 2001 and 2011.

* 6 m wide frontage roads and 5 m wide sidewalk are proposed on
both sides for services to inhabitants who live along the
Project Road.

¥ 5.5 m wide ON, OFF Ramps is planned for access to the Middle
Ring Road.

b} S8TA.6 - STA.1l2

Typical cross-section in this area is shown in Fig. 12,1.2. Basic
considerations are as follows: '

* 6 lanes for through traffic for both directions are planned
based on the forecasted traffic volumes in 2001 and 2011,

* 6,0 m wide frontage roads and sidewalk on both sides of the
road are proposed for services to inhabitants.

¢) STA.13 - STA,19

Typical cross-section in this area is shown in Flg. 12,1.3. Basic
considerations are as follows: '

* 6 lanes fqr through traffic for both directions ére planned
based on forecasted traffic volume in 2001 and 2011,

Note: STA.0 - STA.5 wmeans 500 m long in center line.
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Table 12,12  Number of Lanes

{Morning Peak PCU/H)

. Wumber of Lane Number of Lane
. Traffic Volume .
Station Lane to be Required to be Adopted

Capacity 1991 2001 2011 1991 2001 2011 1991 2001 2011

0 + 0,00 1800 2800% 4700* 4900* 2 3 3 3 3 3

19 Eoo.oo 1800 | 3506# 4100% 41004 2 3 3 3 3 3

C-0 + 0.00° 1800  1700% 2100% 2100% 12 2 2 2 2

C-10 304.00 1800 24004 23004 2300# 2 2 2 2 2 2

19+ 0.00 1800 -  1900% 2700% - 2 2 2 2 2

38 foo.oo 1800 - 9004 18004 - 1 2 2 2 2

38 + 0.00 1800 -~ 600% 1500% - 1 1 2 2 2
To

84 + 0.00 1800 - 400% 5004 - 1 1 2 2 2

Note: * = to Bangkok
= t0 Thonburi
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.d)

.e)

*

6.0 m wide side walk on both sides of road are planned because
this arxea is already a built up area.

STA.20 - STA.84

Typical cross-section in this area is shown in Fig. 12.1.4. Basic

%

considerations are follows:

4 lanes for through traffic for both directions are planned

‘based on forecasted traffic volume in 2001 and 2011.

Sidewalks on both sides of the road are planned considering the
future land-use.  However, existing land-use is mostly isolated
fields., A stagewise construction may be considered., The first
stage is to construct without sidewalk. When this area 1is

- developed, the sidewalk will be constructed.

STA.C-1 ~ STA.C-10

Typical cross-section in this area is shown in Fig, 12.1.4., Basic
condition are as follows. :

#*

_'d lanes for &hrough traffic for both diréctions are planned

based on forecast traffic volume in 2001 and 2011.

ISOO;m:wide:sidéwalk on both side of the road and 3.0 m wide

sidewalk on = both. sides of bridge section are planned
considering the existing land-use.
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12.1.4 - Pavement Dasign
1)  Type of Pavement

'Thefé_are:basically two different types of pavement, i.e. flexible
asphalt _cqncrete pavement and rigid cement concrete pavement, The
cement ¢concrete pavement has the following advantages:

a) The initial construction cost of asphalt concrete pavement and
~cement concrete pavement were tentatively calculated at 450 baht
pex square meter and 530 baht per sguare meter respectively.
Generally speaking, the design life of asphalt concrete and cement
concrete ‘pavement are 20 years and 40 years respectively according

to "A guide to the structural design of pavement for new road,
Road Note 29", '

It is ‘rather difficult to estimate the maintenance cost of the
pavement due to few available data. However, taking into account
the flood conditions of Bangkok, it can be said that the
cqnét;ugtion -cost and maintenance cost of the cement concrete:-
pavement may be less expensive than the asphalt concrete pavement
due to the former's strong durability under water.

b) In Bangkok, inundation occurs at two or three year intervals such

~ as in 1975, 1978, 1980, 1983 and in 1986. When the water comes

into the pavement, asphalt concrete pavement becomes very brittle.

The cement concrete. pavement is stronger than asphalt pavement in

flood periods, as observed for the existing road pavements in

Bangkok area. Almost all existing road pavements in Bangkok area
were constructed by cement concrete pavement.

¢} The cement concrete materials can be producted in Thailand.
However, main part of asphalt concrete materials must be imported.
The cement concrete pavement can be constructed by using local

materials. In this situation, it contributes to increase of
employment opportunities and to save foreign currency for
- Thailand.

2) Pavement Structure Design

The thickness of each pavement layer of the cement concrete pavement
depends on the design wheel load, number Qf axle loaqing éccumulated
within the design 1life of the pavement (40 year design life of the
cement concrete pavement was adopted) and condition of the subgrade
‘construction materials.

9he thickness of the pavement was examined on the basis of "Manual
for Design and Construction of Cement Concrete Pavement, Japan Road

Association” (J.R.A.,), “DOH Typical Cross—section" (DOH) and "Road Note
29. A Guide to the Structural Design of Pavement for New Road (Road

. Note 29)". .
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The results of the comparison of pavement desighs'aze as follows:

J.R.A. DpoH Road Note 29
a. RC Pavement Slb (cm) 25 _ 23_ 27
b. Blanket Material (cm) - 1o . -
¢. Crushed Rock Sub-~base {cm) 15 15-30 15

For the purpose of preliminary cost estimates, the _follbwing
pavement structure is proposed.

* Thickness of R.C. Pavement slab at 25 cm.
*  Phickness of the crushed rock sub-base at 15 cm.

12.1.5 Intersection Design

1) General

Nine major 1ntersect10ns are included in the New Krungthep Bridge
Construction Project and Thonburi. Road Extension Progect. The Seven
intersections are named npn intersection to g 1ntersect10n as
illustrated in Fig. 12.1.5 Intersections A to C are dlscussed in Chapter
9, other D to J are dlSCu%Sed in this chapter.

Generally, desirable types of intersection such as grade separated
or at grade intersection, and nuomber of 1anes required for right and
left turn movements are examined here.

The intersection design was examined coﬁsidéring’ fhe_ relationship
between forecasted traffic volume and traffic capacity in the

1ntersect10n, land acqguisition problems and the p0551b111ty of ‘stage-
wise construction.

2) Type of Intersection

Types of intersection were examined taking into account the
following considerations:

-~ Function from the viewpoint of road network

- Number of lanes by direction with forecasted traffic valume ‘and
traffic capacity of intersection.

~ Possibility of stage-wise construction or economical intersection
design

-~ Land acquisition requirements and compensatibn.
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a) From the Viewpoint of Road Function and Network

Intersections along truck roads for which a high running 3peed is
desired should better be grade separated.

The MRR 1is one of the important trunk roads and so the Project
Road., ‘Therefore, first of ali, the intersection D should be given

a consideration for grade separation.
b) From the Viewpoint of Traffic Volume

Intersection type was examined on tha base of traffic saturation
degree (forecasted traffic volume/traf:ic capacity) at approaches.

tf traffic saturation degree_exceeds'l.o, an exééssive congestion
occurs. The results of the traffic saturation degree analysis of
each intersection are shown below. :

Saturation Degree

Intersection Name Saturation Degree - Remairks
2011, 2001
I 1.67 1.49 Grade separated
E 1.00 _ - : At grade
F 0.30 T At grade
G 1.04 - At grade
1 6.99 - At grade
J 0.97 - At grade

The forecasted traffic volume in 2001 and 2011 are shown in Fig.
12,1.6 ~ 12,1.8.

E, F to J intersections are recommended to be at grade intersections
considering the following: .

- Forecasted traffic volumes are not so high even in 2011,
- Traffic saturation degrees are not well exceeding 1.0.

However, after 2011, grade separation will be required at E, G, 1
and J intersections. Therefore, the right of way for grade separation
should be reserved in this stage. :

Regarding D intersection, the saturation degree in 2001 is already
over 1.0, the D intersection should be constructed as a grade separated

intersection.

Detailed analysis of traffic saturatlon degrees by dlrectlon are
shown in Appendix 12.1.1.
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12.1.6 Drainage Design

1) General

The reconnaissance Survey ‘of the existing- khlong condltions such a3
width of khlong, vertical clearance and the relationship between
existing ground height and water level was conducted in October 1986,
The results of the survey are shown in Fig. 12.1.9. The drainage de519n
was carried out based on the survey results. ‘

2) Clearance on Khlongs

The clearance above khlongs was decided ‘taking into account the
existing clearance above khlong and the existing usage of the khlongs.
The widths of Khlong Phasi Charoen and Khlong Dan are 24 m and 21.5 m
respectively, these two khlongs are used fox transportation of goods and
other materials by barges. Other. -small khlongs are used for
txanqportatlon of goods and other materials by small boats. '

The minimum c¢learance between the existing ground 1evé1. and 'the
under-face of slab structure of the existing khlongs were examined as
shown in Table 12.1.3. :

Table 12,1,.3 Minimurm Clearance from Existing Ground Laval

Name of Khlong Minimum Clearance {(m)
1. Xhlong Dan 3.5
2. Khlong Phasi Charoen 4.5
3. Khlong Wat Nang Chi 0.7
4. Khlong Wat Kho Non 0.6
5. Khlong Bang Wa 0.8
6. Khleng Rang Bua 0.6
7. Khlong Bang Prathum 1.1
8. Khlong Wat Singha - 0.9
9. Khlong Khut Ratchamontri 1.2

1¢. Khlong Soi Bang Khae 0.4
11. Khlong Bang Ai 0.5
12. Khlong Nong Yai 0.4
13. Xhlong Bang Kho Lat 0.4
14, Xhlong Bang Phran 0.3

3) Drainage Structure for Crossing Khlongs

There are two types of structure for crossing the existing
khlongs, bridge type and box culvert type. '

The selection of the structure type was made taking into account
the following factors: '

* TPo economize the construction cost
¥ Easy construction and maintenance
* Purpose of the existing khlong as waterway
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a) Khlong Phasi Charoen and Khlog Dan

These khlongs are used for the transportation of goods and other
materials and also are used for drainage. Many boats with mobile
power run through these khlongs. In addition, there are many
houses located along the khlongs. It will be very difficult to
construct a diversion khlong for the construction when the box
culvert is constructed. In addition, the construction cost of the
bridge is more economical than box culvert due to the long span of
about 25 m,

by Other Small Khlongs

The other small khlongs are mainly used for the drainage  and
sometimes are used for the transport of goods and other materials.

The width of these khlongs are about 8.0 -~ 10.0 m, and there is no
difficulty to construct diversion channel when box culvert is
constructed. The construction cost of the box culvert is more
economical than a bridge for small khlong. Therefore, box culverts

are recommended.

12.1.7 Median Opening

1) General

Median openings designed to accommodate vehicles making U~turn only
are needed in some divided highways in addition to openings provided for
cross and right turning movements., Basic considerations of the
locations where median openings for U-turn are as follows:

a) Beyond important intersections at grade or beyond some interchange
to enable drivers, unfamiliar with the intersection and finding
themselves beyond it, to correct the mistake.

b} Just ahead of an intersection where through and other turning
movements would be inkterfered with U-turn movements.

¢} In conjunction with minor crossroads where traffic is not
permitted to cross the major highway, but instead is required to
turn left, enter the through traffic stream, weave to the right, U-
turn and then return.

d) On highways without contreol of access where median openings - at
optimum spacing and locations are provided to serve existing
frontage developments and at the same time minimize pressure for
future median openings. :

2) Location of Midian Opening

Taking into account of the above mentioned matters, median openings
are planned at following sections:
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a) '2oodm before the intersection of the Project Road and Outer Ring
Road.

b} 200 m before and beyond the intersection of the Project Road and
Sukha Phiban Road.

¢} 200 m before and beyond the intersection of Segment A and Segment
C on the Project Road.

_ d) 200 m before the intersection of the Project Road and Phet Kasem
Highway.

e) Mid-point of above mentioned b. and c.

12.1.8 Bridge Design

Two bridges are planned in this project, one is a viaduct in Segment
A and the other is a river crossing over the Xhlong Phasi Charoen in
Segment C.

The type of superstructure and substructure for these bridges were
determined as PC T-beams and invert T-type piers with 0.6 meter diameter
precast PC driven piles respectively, taking into consideration the past
construction experiences by Thai construction firms and the least
construction cost. '

The features of bridges proposed in the preliminary design are as
follows:

1) Viaduct

The viaduct begins at the conjunction of the flyover bridge over MRR
(STA.0) and ends after passing Khlong Dan (8TA.11+450.6). As a mass
transit system has been planned and will be constructed in the future, a
space for it is kept between the north line (toward Bangkok) and south
line (toward ORR} of the Project, from STA.0 to STA.2. Therefore, the
north line and south line bridges are separated independently, Thz
total bridge length of the north line is 1,155 meters and that of south
line is 1,145 meters.

PC T-beams of 25 meters and 30 meters in length are adopted in the
viaduct on the view points of construction ease and least costs. The 30
meters long beams are used for the crossing over existing roeds {(i.e.
Soi Wat Bang Sakae, Wutthakat Road and others), Mahachal Railway and

Khlong Dan.

| The iésults of subsoil investigations conducted in the Study show
that the bearing stratum for the viaduct would. exis% at a depth of
approximately 25 meters from MSL. Precast PC gr}ven piles of 0.6 meter
diameter are adopted in the pier foundations similarly to New Krungthep

Bridge.
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At the ending portion of the viaduct where thgrviaﬁuCt crosses over
Khlong Dan, two 25 meter span bridges are scheduled for both sides in
parallel with the viaduct as the use for the frontage road.

Pbutment structures and transition slabs are scheduled forﬁthe east
side . of frontage bridges and also for the west side of viaduct/and

frontage bridgesf

2)  EKhlong Phasi Charcen Bridge

The Khlong Phasi Charoen Bridge is located from STA.C-6 + 65.0 to
‘SPA.C-8 + 20.0 in Segment C. This bridge is of a 155.0 meters long
bridge consisting of 25 metet and 30 meters span PC T-beams gimilarly to
the above mentioned viaduct. The latter is adopted for the span over

Khlong Phasi Charoen, and for the rest the former is adopted.

_For both sides in the bridge approach. road, 85 meters -abutment
structures and 60 meters transition slabs are scheduled. .

12.1.9 Construction Methods and Schedules
1) General

As discussed in Section 10.3.2, "Subsurface Investigatioh“'in this
report, soil conditions of Bangkok and its surrounding areas are

generally soft ground layer with 20-30 m depth,

A part of Bangkok is sinking about 5 cm yearly and some parts of the
existing roads have also subsided. The most important item to consider

for construction is how to make a countermeasure against the soft ground
layer. In this section, consolidation settlement and circular slip
analysis were done for the establishment of construction method.

2) Calculation of Circular Slip Safety Factor

a) Premises in Calcnlation

Following premises were adopted for the calculation of the
circular slip safety factor. :

* The top width of road bank is 40 m.
* Slope gradient is'1 to 2,

* Underground water level 1is 1.0 m below the existing ground
level. . - :

* Depth of soft clay is 13 m from ground surface with - Shear
strength, C = 1.05 ton/sq.m and unit weight . Y = 1,52 ton/cu.m.

* Thickness of medium soft clay is 5.5 m below the soft. clay
layer with C = 3.29 ton/sq.m. and unit weight Y = 1.69 ton/cu.m.
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b)

*. Embankment materials with unit weighit, Y = 1.85 tons/cu.m.

and inner friction, C = 30 degree are considered.

Calculation

The circular slip safety factor was calculated for two different
pres of not improving the existing so0il conditions and of
improving the existing soil conditions by sand drain method.
Three different embankment heights of 1.0 m, 3.0 m and 6.0 m were

calculated. The results of the calculation was shown in Table
12.1.4.

Table 12.1.4 Minimum Safety Factor (Fs} by Height

H=1.0 H = 3.0 H = 6.0
Not improved 2.945 0.960 0.492
: {U = 80%) (U = 0%) {U = 80%)
Improved 3.772 1.724 1.156
by sand drain {U = 80%) (U = 80%) (U = 80%)

The relationship between the embankment height and the minimum
safety factor of circular slip is shown in Fig., 12.1.10.

When the adopted safety factor is at 1.2, the maeximum embankment
heights of not improved and improved cases are 2,5 m and 6.0 m
respectively.

- Proposed embankment height of the Project Road is 1.5 m - 2.0 m,

g0, it is not necessary to improve the existing soil conditions.
However, it is necessary to improve nearby abutments of bridges
when the proposed height exceeds 2.3 m.. The calculations of each
case are shown in Fig. 12.1.11 to 12.1.13.
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fig. 12.1.10  Relation between Embankment Height’énd Safety Factor
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3) Calculation of Settlement

There are two types of settlement, one is the settlement and the

other is the subsidence of -soft ground itself. In this section,
settlement of embankment is calculated.

a) Calculation of consblidation settlement

FOllOWlng formula was ad0pted for the calculation of consolidation

settlement.
eo ~- g.
S = [t . .
1+ eo Ho
'§ = Final consolidation settlement
_ e = pore water pressure before settlement
- e0 = pore water pressure after settlement
Ho = "depth of layer to be consolidated

Consolidgtion settlement was calculated at different road heights
of 1.0 m to 6.0 m. The results of conscolidation settlement
_calculatlons are shown in Fig. 12.1.14,

b) Time of consolidation settlement can be calculated using the
following formula,

T*H
Cv

t =

time of consolidation settlement

time coefficient for consolidation degree

1/2 x thickness of layer to be consolidated (Ho)
coefficient of consolidation

ookl et

ME me we e

Cy
The time of consolidation settlement was calculated for twe cases

of not improved condition and improved by sand drian method. The
results are shown in Fig. 12.1.15.

4) Construction Method

a)  General

Generally, the constructlon ‘methods for this road on the soft
ground 1ayer are as follows:

*"Slow banklng construction method

*  Surcharge embankment construction method

*  Sand drain construction method

* Replacement soft clay construction method

Before the construction method is decided, following factors

should be considered.

* Scale of the project
* Construction difficulty
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Availability of construction materials
Construction period
Construgtion cost

Congtruction method examples of other highways near the project
area

w* % ¥

b) Construction method

Among the above mentioned construction methods, sand drain and
replacement construction method were eliminated considering the
cost and examples of other similar highway constructions projects

_in ;hailand._ The slow banking and surcharge embankment methods
were examined,

The slow banking method,
The average embankment height is about 1.7 mw. The final
-gettlement of embankment 1.7 m high is 60 cm from Fig. 12.1.14.

-The ‘relation between c¢onsolidation degree and settlement period
are shown in Table 12.1.5,

Table 12.15  Settlement Period by Stow Banking

Congolidation Settlement Remaining Settlement
Degree (%) {cm) Settlement ({cm) Period (day)
10 6 52 110
20 12 48 420
30 18 42 960
50 30 30 2,600
80 48 12 7,800

In this case, the practicable construction period of 960 days is
selected in which period only 30% of consolidation will take
place, remaining 70% take place in a leng time periocd. However,
the remaining amount to be settled is about 40 cm, which is the

subject of future maintenance.
The surcharge embankment construction method

Phe final settlement of 60 cm is adopted as the same as the
previous construction method.  The maximum embankment height of
2.5 m is adopted based on the result of circular slip safety
factor examination. The surcharge height is also 2.5 m due to the
‘maximum embankment height without slip failure., The settleyent_of
112 cm is calculated. The relationship between consolidation

degree and settlement period is shown in Table 12.1.6.
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Table 12.1.6  Settlement Period by Surcharge

Consolidation Settlement Remaining Settlement
Degree (%) {cm) Settlement {cm) Period (day)
5.4 (1) * 6 52 ' 110
10.7 (20)* 12 48 ' 130
16.1  (30)* 18 42 270
26.8 - {50)* 20 30 700
42.8 (80)* 48 12 2,000 -

In this case, about 30% of consolidation is obtained in the period
of 700 days.

The Study Team proposes a 2 year construction pericd - for the
Project. 1In this case, the slow banking method is proposed for the
Project. The main reasons are as follows:

The settlement period of 80% consolidation degree by slow speed
and surcharge of embankment construction methods are estimated as
7,800 days and 2,000 days respectively. These two periods are not
realistic.

—~ The construction cost of the surcharge method was estimated at
about 75,000,000 Baht for the Project (300,000 cu.m. X 250
Baht/cu.m.}, which is substantial,

- The remaining settlement amounts after. 2 years of construction
period of embankment with surcharge and without surcharge were
calculated at 30 cm and 44 em respectively.

- The remaining settlement of 44 cm can be maintained by the rcad
maintenance office.

5) Consideration of Maintenance

When the construction period for an embankment is 2 years, the final
settlement remains as 44 cm. In other words, the road will subside by a
further 44 cm. Therefore, in the road design as shown in Fig. 12.1.16,
following matters should be considered. '

- 'The pavement including baée course should be set up at leaét 44 cm
above high water level,

~ Structures such as pipe or box culvert for drainage should subside
with road embankment section at the same rate for the running
comfort of vehicles. '

-~ Bridges will be constructed with pile foundations, so that the
bridges will not be subside. The approach section of bridges
should constructed by asphalt concrete pavement for easy
maintenance.
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ords O+6[ VLE i : e f
E:qeoxa ow .2...._..4 T - v vnri TRE Smpmn |
. y 1]
{
VA NVIADNQM _, . I
K ovod W 1M )
.......«
.wa Oroy :
. > .
=3 agy ;
¥ “rer, Q+QI~0'YLs
s 1y vYHA YHL
\.n I, _ L . ) A L. i L



	PART III NEW KRUNGTHEP BRIDGE
	Chapter 9 PROPOSED NEW KRUNGTHEP BRIDGE
	9.3 Structure Type
	9.3.1 Main Bridge
	9.3.2 Approach Bridge
	9.3.3 Abutment Structure

	9.4 Road Elements
	9.4.1 Bridge Alignment and Cross-Section
	9.4.2 Frontage Roads
	9.4.3 Intersections

	9.5 General Features of the New Bridge
	9.6 Construction Method
	9.6.1 Main PC Box Girder Bridge
	9.6.2 Approach Bridge and Approach
	9.6.3 Construction Schedule Estimated

	9.7 Cost Estimates
	9.7.1 General
	9.7.2 Cost of New Krungthep Bridge

	9.8 Economic Evaluation
	9.9 Other Considerations


	PART IV THONBURI ROAD EXTENSION
	Chapter 10 EXISTING CONDITIONS AND REVIEW OF EXISTING STUDY
	10.1 Existing Conditions
	10.1.1 Existing Road Conditions
	10.1.2 Land-use
	10.1.3 Existing Khlong Conditions
	10.1.4 Water Levels

	10.2 Review of Existing Study Report and Related Project
	10.2.1 Review of Existing Study Reports
	10.2.2 Related Projects

	10.3 Field Surveys
	10.3.1 Cone-Penetrometer Survey
	10.3.2 Subsurface Investigation
	10.3.3 Topographic Surveys


	Chapter 11 ROUTE ALTERNATIVES
	11.1 Introduction
	11.2 Alternative Route Location
	11.2.1 Locating Principles
	11.2.2 Locating Methods
	11.2.3 Indentification of Alternative Routes

	11.3 Evaluation of Alternative Routes
	11.3.1 Network Evaluation
	11.3.2 Technical Evaluation

	11.4 Selection of Alternative Routes

	Chapter 12 PRELIMINARY ENGINEERING FOR THE ROAD
	12.1 Preliminary Engineering
	12.1.1 Design Standards
	12.1.2 Alignment Design
	12.1.3 Cross-Section Design
	12.1.4 Pavement Design
	12.1.5 Intersection Design
	12.1.6 Drainage Design
	12.1.7 Median Opening
	12.1.8 Bridge Design
	12.1.9 Construction Methods and Schedules




