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CHAPTER 2 BACRGROUND OF THE PROJECT

Outline of Roads in Bangkok
Bangkok in Brief

Population

The recent intensive economic development in Thailand  has
concentrated on the Bangkok region and has had a strong impact and
development pressure on the urban system of the Bangkok area. The
growth of so-called "Export-led and foreign investment-fueled"
economy 1is significant in its size and speed. Various development
activities of industries, office buildings, hotels, residences,
shopping centres and other relevant commercial and administrative
facilities, are taking place all over the metropolitan region. On
the other hand, many existing urban infrastructures have already

reached their capacity.

The population of Thailand has increased at an annual rate of 2.447
in 1970 to 1988, while that of Bangkok has a growth rate of 3.31% in

the same period.

Comparative Increase in Population and its Growth Rates
for Thailand and Bangkok

Annual Growth

Year 1970 1988 Rate: 1970-1988
Bangkok 3,185,000 ( 8.9%) | 5,717,000 ( 10.4%) 3.31%
Whole Kingdom | 35,633,000 (100.0%) | 54,961,000 (100.0%) 2.44%

Industry and Economy

As influenced by the world-wide economic recession in the years 1980
-1985, the general trend for the growth in GDP (Gross Demestic
Product) of Thailand was modest for the same years. From 1986
onward, however, Thailland witnessed an economic upturn due to the
influx of investments and good export performance. Hence, the
annual growth rate of GDP increased. The GDP share of BMA over the

whole kingdom has been steadily increasing.
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GDP at  Constant 1972 Prices

. (ﬁnit: ¥ million)

: _ Annual Growtﬁ_Rate
Year 1980 1985 1986 - 1987 S
: 80 - 85 | 85 - 87
- . i E—— - —
104,194 | 147,986 | 159,012 | 178,061 | o o0 | ¢ coo
BA G | Grsn | Gesn | @oan | TR |20
Whole 299,482 | 394,111 | 412,608 | 441,83 | 65% 5.89%
Ringdom | (100.0%) | (100,0%) | (100.0%) | (100.0%).} ~° 7 "ok

{Source: NESDB)

Manufacturing, wholesale and retail trade, and services are the
BMA manufacturing .is the biggest industry in terms of GDP, sharing
40% of total GDP.

is nearly double that of the Kingdom,

The annual growth rate of GDP of the Bangkok area

Bangkok Metropolitan Administration (BMA)

24
(See Tig. 2-1-1.} The districts which

The area under the jufisdiction of BMA is -divided into
administrative districts.
are densely populated areas lie in and around._the core centre of
Bangkok as shown in Table 2-1-1. Poﬁ Pram Sattrupai (7) is the
district which the | foiibwed by
Sampanthawong (8), Thon Buri (2), Dusit (5), Phya Thai (11}, Khlong
San (1), Phra Nakhon.(ﬁ), Bangkdk Yai (3), Pathumwan (9) and Bang
Rak (10).
(9) and (10) are closely related to Rama IV Road.

is most densely populatéd

Among these administrative districts, numbers (7), (8)

Reference Data : Toky6 23'Wards, Average for 1980

Persons Road Length €m) Road Area (m?) Road Area (u?)
Area (km?) Area (km?) Total Area (km?) _ Persons
14,109 8,151 141,000 10.0



PATHUM THANI PROV INCE

CHAO PHRA RIVER b
NONTABUR} PROV INCE

NAKHORN PATHOM

PROV INCE SAMUT PRAKARN PROV INCE

GUF OF THAILAND

1. Khlona San 13, Phra Khahong
2. Thon  Buri 14. Bang Kapi

3. Bongkok Yai t5. Bang Khen

4. Bangkok Noi 16, Min Buri

5. Dusit . I7. Nona Chok

6. Phra Nakhon 18 Lod Krabang
7. Pom Prab Sattru Pai 19, Yan Nawa

8. Sompanthawong 2Q0. Rat Burana
9 Pothurmwan 21, Bang Khun Thian
10, Bang Rok 22 Phasi Charoen
Il Phya That’ 23 Taling Chan
12" Huai Khwang 24 Nong Khaem

Fig. 2-1-1 Bangkok with 24 Districts under BMA
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- 2-1-2 _0ut1ine of Transportation in Bangkok

~a. Railvays.

1.

State Railway of Thailand (SRT)

- Three lines (south line, north and nortl-east line and east

1iné)-radiate Erom {hé:Béﬁgkok Terminal. Within Bangkok they do
not influenbélmuch.fheir wayside areas. The'nﬁmber of passengers
using the railways is very small, The SRT railways contribute
to the.inter~regiona1 transportation rather than the intra-urban
transportation. (Refer to Map of Project Area at the outset of

this Repoft)

Urban:Railway Plan

As a substitute of the existing bus transport in Bangkok City,

'tﬁE'_Expressway and Rapid Transit Authority of Thailand (ETA)

under’ the Hihistty of  Intérior has planned a mass transit

railway system (MIS) since eight years ago. One of their rail

lines is planned to run along Rama IV Road. It is expected that

' after:their ‘completion the bus traffic running on Rama IV Road

would decrease. The pier columns of both the viaduct of this
Project and the MTS étchture will be constructed along the
existing median of Rama IV Road. (Refer to Map of Project Area

at the outset of this Report)

Water Transportation

_Canéls and small rivers across the adjacent flat aveas to the Chao
_Ph;éya Riﬁer used to be traditional transport means of small boats,
.ﬂéwéver,: many  of these waterways have now been reclaimed to
| roédwéys, and ﬁowadays tﬁe sﬁare of  water transportation to the

Bangkok urban transportation is very small.

c. Roadisoad.Traffic in Bangkok

1.

Road Nétwork

Thé'road'network in Bangkok has a significant feature in the

difference between the inside and the outside of the Middle Ring



ay

(2)

(3

(4)

‘Road as shown in Figs 2~1-2, “The' road network 1n31de the M1dd1e3

Ring Road ig better dlstrlbuted, though 1n3ufch1ent,'comprlslng.
several radlal major voads, with a"c1rcumferent1a1 “‘road
surrounding ‘the central dlstrlcts. Even . the out51de the Mlddle'
R1ng Road, the development of the ‘road network ig . less, belng -
unbalanced for all trafflc corrldors.' The characterlstlcs ofi

the road network can be further summarlzed as follows. -

The road network is absolutely 1nadequate in Terms '6f the
-quantity and quality. . The road density inside the Middie Rlng )

Road is low, about 4% of the area.

A hiéraréhical structure of roads exists with high class'rbadé“

“such as ETA expressway, major city streets and the:abCéSS'réads

 to and from major roads calléd "soiM. - Generally accessibility-

and mobility are complicated, reduc1ng the effect of rdad

network, in other words, there are many missing links in the

road netwérk_which'amplifles the overload on the major roads

and decreases the efficiency of: the rbad network. This is

. mainly caused by_inéufficiént road deve10pmeﬁts for more than

20 years failing to meet increasing t:affic_neéds._

Roads are few in the areas qﬁﬁside the Middle ﬁidg Road:whéré'

urban development is actively .téking placé and new traffic

" demand is occurring. Due to the deiay'in roadddeveiopments the -

degree of traffic congestion is increasing.

For the reasons mentioned in (1)  and (2)” above, the ‘traffic
concentrates on 'the exlstlng roads. : Fig 2-1-3 éhows ‘the
traffic volumes on. respectlve maJor roads in Eéﬁgkdk. 'Thé
traffic on Rama v Road belongs to the greatest among the roads

runnlng in the east"west dlrectlon.
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- Fig. 2-1-2 Road Network in Bangko'k_
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Road Characteristics

Fig. 2-1-4" shows the number of lanes of major roads inside the

Middle Ring Road. The road length ratios by lane comprise the

following. The 4-lane roads are predominant, - compared with
others, '
2~lane i 20%
4~-lane : 37%
" 6-lane- : 26%
8-lane or more : 17%

Total : 100%

Most road intersections are at—-grade, and at majof intersections
traffic is ;controlled by traffic lights. To cope with. the
rapidly increasing traffic demand in the core area of the city,
éction has been taken by the Bangkok Métropolitan Administration
by means of introducing turning regulations, bus lanes,
reversible lanes, etc. giving an improvement in traffic flows
and mitigation of traffic congestion at moraning aﬁd'eVEniﬁg peak
hours. ‘Récently.an_dverall improvement of the road network is
being carried out by widening existing major roads, construction
of roads to new standards, grade separation of existing

intersections, etc. inside the Middle Ring Road.

Traffic Characteristics

In the Bangkok Metropolitan area, the main transportation means
both for passengers and goods are the roads, with buses more
used than the railway as the public land transport means. In
parallel ‘with the recent expansion of social and economic
activities, the traffic demand in Bangkok has increased greatly.
The record .shéﬁs an increase in traffic of 30% for 4-wheel
vehicles and 36% for motoreycles. It has been noticed, however,

that at the city centre where the traffic has reached the road

- éapacity limit, the number of &4-wheel vehicles 1is on the

decrease while that of motorcycle is on the increase at both

peak-houré.
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Regarding the vehicular  composition 'both passenger cars and

motorcycles share 60 to 70% of the total, followed by pick-ups

and taxis. Buses share more than half the large~size vehicles
but the share of large-size trucks is small because heavy trucks

are banned during daytime hours to enter the area inside the

' Middle Ring Road. As a guide on National Road No. 1 the truck

share is about 6.5%. However, trucks can enter the city at

night. - They are overloaded considering their operational

economy, having a bad effect on the BMA's road structures. Thus

. BMA has decided to make an additional allowance in designing its

bridge structures,

Road Improvement Projects in Bangkok
(1) Road and Intersection Improvement Plans

To :cqpe with the rapid urbanization, the ever—increasing
traffic demand and the aggravating traffic condition, as
stated in Section 1-1, the Gévernment of Thailand has
requested the Govermment of Japan for technical assistance
to conduct ‘a study and JICA “had conducted the "Study on
Road Improvement, Rehabilitation and Traffic Saféty in
Bangkok" in the period June 1985 to March 1987. The main
objectives of ‘the study wére to provide BMA with
engineerihg expertise ahd"infbrmation necessary to the
planning of road and pavemént improvement and traffic
safety measure, based on the findings and studies for the
network of a total length of 350km within the area
encircled .by the Middle Ring' Road.  The study covered
traffic survey, road iﬁventory, road improvement, pavement
rehabilitation, traffic safety, technical guideline and

review of BMA road organization.

In the road survéy of the above study roads which generated
traffic congestion were investigéted and  the traffic
-mitigafion measures were examined. 28 bottlenecks were
identified and fiﬁally the study broposed for the
improvement of 11 intersections, and that it concluded that

the grade separation of Rama IV Road (from Siphraya Road to

2-~11



(2)

(33

Sathon Road) gives the largest effects of all in terms of
both engineering and eeonomlc-aspects. . At present BMA has
established a scheme for 19 road improvements in Baungkok,
aiming for completion "in 1993, These road 1mprovement
projects are located ‘in -Fig. 2= 175_ and  their progress

Iisted in Table 2-1-2 (numbere& from 1 to 19), out of whlch_
three 1mprovement prolects proposed by ‘the above mentioned

JICA Study 1987 are included, In the . flgure and  table

‘mentioned above are shown -the 11 intersections proposed by

JICA study 1987.

Middle Ring Road Gons truction Plan

The plan was establlshed in the 19603 to collect/dlstrlbute
the traffic imside and outside of . Bangkok. The total
length is about &5km. The. read is a Gelane dual urban
highway and the most part of it has been completed except
the northern portlon which is in the vicinity of " the

existing Rama IV Bfidge.

For the crossing of the Mlddle Rlng Road over the GChao
Phraya Rlver the construction of a new Rama v Bridge will
spon be started by the Public Works Department under the

Ministry of Interior, side by side with the existing Rama

IV Bridge (rail-cum-road bridge) in the northwest - of

Bangkok. The new bridge will carry the traffic from the

east to the west of the river and vice versa.

Second Stage Expressway Construction Programme

The construction of the second stage expressway network,
extension of the existiﬁg expressway network (length: 27km}
under ETA is scheduled for start in April 1990, The nortﬁ"
south line of the second stage expressways will intersect
the western end of Raﬁa 'IV Road and the 'eaet—west
expressway line will run in  the north of Rama 1V Road.
Accordingly it is antieipated that-efter'theif completion

the traffic demand of.Rema IV Road weuld”further increase.

2 ~-12



I .

1}
l NEAY wong way o,

y
o
. -"
'-.
kg
it

. . W
‘\\‘s ¢
. . o . &
. o
e g\“‘\x‘ o i z \
V‘"ﬂ “\',\\.\ . ) -
W PRy . N a ~
M et a “
BreL el Ny a4 X
SO 2 . B4 ~da,
Y P 5 o S
Sie . £ ",
-yt L= ~J4
ot Y of a g
! 2, Ja - 0 .
. s

ik 2 Ol
) . . %

tH

"-_:l |;n(
g 3
T,

L PR 3
o e 3%

S
i,

.Legend: - “%“; .“ m .
FHED \\\\

¢ Road Improvement

é%%.-: Grade Separation .
_ _ _ Intersection Improvement proposed by JICA

Fig. 2-1-5 BMA's Road Network and Locations of Road Improvement Projects
with 11 Intersections Proposed by JICA 1987

Z-13



Table 2-1-2 Road Improvement Projects by BMA
JICA
Contents of Project Prgggial Phasing Remarks
. Node No.
Flyover Rama IV/S1 Phraya-Sathon 023 Flyover Basic Design | Grant Aid
Roads : Study in 89 of Japan
. by JICA {planned)
1. Flyover Ratchada Phisek-Ohahonyothin: Tender for BMA's
detail design | budget
and Construc-
. ) tion
2. Flyover Charansanitwong-Ratchawithi ditto ditto
3. Flyover Phet Kasem HWY-Ratchada ditto ditto
Phisek . -
4. Flyover Phetburi-Ram Kamhaeng ditto ditto
5. Phanonyothin-Suthi San Tender for ditto
e . detail desipn
6. Flyover Rama IV-Sukhunvit ditto ditto
7. Flyover Ratchada Phisek-Wiphawadi Tender for ditto
Rangdit HWY: . - Construction
8. Viaduct Rachada Phisek (M.O,T 900 At-grade | Preliminary Agsistance
Intersection to Sukhmvit) 220 At-grade | design of Ganada
9. Improvement Ratchada Phised _ "~ | Widened in 90 | BMA's
(Rama IIT to Liap Maenam) : budget
16, Flyover Ngam Wong Wan-Pracha Chen Note Decided
11. Flyover Ratchada Phisek—-Lal Pharao ditto
12. Flyover Ratchada Phisek—Pracha Rat ditto
13. Flyover Ratchada Phisek—~Pracha Chuen ditto
14. Flyover Dindaeng-Ratcha Chen - ditto
15, Flyover Sri Ayutthaya-Ratcha Prarop ditto
16. Improvement Rama IV Ari ditto
17. Bridge and Flyover In Thara Phi ditto
Thak-Phet Kasem HWY
18. New Road and Improvement ditto
Khlong Chong Nonsri
19. New Reoad and Improvement ditto
Rachada Phisek :
Ratchadamnoen Klang/Rachadamnoen 202 Underpass ditto
Nai Roads _
Dindaeng/Ratchapraron Rds 613 Flyover ditto
Pradiphat /Phahon Yothin Rds 511 Flyover ditto
Petburi/Rama IV Rds 212 Flyover ditto
Pracharat I11/Pracha Chuen Rds 360 At—-grade ditto
Sukhumvit/Rama IV Rds 131 Flyover ‘ditto
Petburi/Ramkhamhaeng Rds 245 Ag-grade difto
Rama 1V /Kasemrat Rds 035 Ag-prade ditto
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Outline of the Request

A JICA founded study, the "Study on Road Improvement, Rehabilitation
and Traffic Safety in Bangkok" completed in March 1987 carried out
road and traffic surveys in Bangkok to locate bottlenecks in the
urban traffic road system and recommended improvements to 11

intersections (See Fig. 2-1-5).

Afterwards, BMA established the improvement scheme for intersectioas
of major roads of Bangkok and the construction of the flyover at the
intersection of Rama IV Road with Sathon Road was completed in April

1988 as stated in Section 1-1.

Following upon this, BMA requested; on a grant aid basis from the
Government of Japan, the "Project for Rama IV Viaduct Construction".
covering three intersections from Siphraya Road to Silom Road which
is expected to have tremendous benefit for through traffic on Rama
TV Road. JICA sent a Project Formulation Survey Team to Bangkok
from March 26 to April 4, 1989 to confirm the request of the Thai
Government and to examine the appropriateness and validity thereof
as Japan's Grant Aid Programme. The contents of the request of the
Government of Thailand for Japan's Grant Aid Assistance for the

implementation of this Project are as follows:

(1) The objective of the Project is to construct a viaduct in order

to smoothen and improve the traffic flow along Rama IV Road.

(2) The executive agency for the implementation of the Project is
the Department of Public Works (DPW), Bangkok Metropolitan

Administration (BMA).

(3) The location of the Project is from the intersection of Siphraya

Road to that of Silom Road along Rama IV Road.

(4) Outline of Project:

- Superstructure and column: Steel structure and not to be

connected with any structure of other projects.

~ Foundation: Cast-in—place concrete pile and not to be

‘connected with any structure of other projects.

2 -15



- Design Standards: Follows JICA Feasibility Study Report
submitted to BMA in March 1987, '

- Number of lanes: 4 lanes, partly 2 lanes

- Total length: Approximately 1.5km.

2~ 16
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CHAPTER 3 OUTLINE OF THE PROJECT

0b jective of the Project

The objective of the Project is to smoothen and improve the traffic
flow along Rama IV Road by constructing a steel viaduct on Rama IV

Road covering the three intersections of Siphraya Road.

S5tudy and Examination on the Request
Location and Condition of Project Site
Location of Project Site

The project site for the construction of the viaduct is on Rama IV
Road extending from west of the Siphraya intersection east of the
Silom intersection with a structure length of about 1,500 meters

plus the lengths of the approach sections.

Present Conditions of Rama IV Road

Rama IV Road which runs in the core-centre of Bangkok in an east-—
west direction is a 10~lane dual carriageway arterial road which
intersects with all the major roads which run in the north-south
direction 1n the city. On its mnorthern side lie Chulalonkorn
University and its hospital, Lumpini Park, ete. and the southern
side constitutes the most important commercial area including
prominent business, hotel, shopping and restaurant quarters of

Bangkok,

Rama IV Road, which is a wide road of 10 lanes, is always comgested
with traffic because the short distances between intersections. A
record shows that the present traffic volume of Rama IV Road amounts
to 100,000 - 140,000 vehicles (including motor cycles) per day and
6,300 - 8,400 vehicles per peak hour. The traffic on the
intersecting roads, Sathon, Wittayu, Henri Dunant, Phaya Thai is
also great with a volume of 40,000 - 90,000 vehicles per day, and

the traffic congestion is very serious; the average travelling time
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d.

at peak hours is 12 km/hour; the length of queulng vehlcles is. 500 -
600m; and the waiting time for SLgnals at each 1ntersect1on ranges
from 3 to 12 minutes, Fig. 3-2-1 showe the present number of lanes

and Fig. 3-2-2 indicates traffic volume at each intersection.

In 1988 Tthe intersection with Sathon was grade-separated by the
donation of the Bélgian Government, and the Eraffic'condition.sround
the intersection has been improved. Eastern stretches“bf'Rsma.IV
Road, which has a predominant east-west direction traffic has not
benefited by the flyover (Tha1 - Belgian BrldgE) The present
expressway bisects Rama v Road in a north-south direction and the
traffic from the expressway ‘accesges the city corve by Rama IV Road.
According to the 2nd stage expressway- constructlon plan, a further
expressway will be constructed also in a north-south direction at
the west end of the progect Slte, and in the v1c1n1ty of the Pro;ect
site another expressway is planned in an east-west dlrectlon. The
implementation of these expressways has already been determined. It
is anticipated that after their completion the traffic demand is
expected to increase and that the traffic would concentrate on Rama

IV Road for access to and from the expressways.

Topographic Survey

In order to locate the project site, topographic survey was carried

out 1[,800m long along Rama EV: Road and covered an area of
approximately 104,000m2 or 10.4 hectare. Its major works done are

described in Appendix 3.2.1 of this Report.

Traffic Survey

Traffic survey was carried out to know the present traffic

conditions at the project site.

1, Trgffic Count Survey

Twenty four (24) hours traffic count survey was conducted at
three intersecticns (Silom, Surawong and Siphraya).
The following seven types of vehicles were counted by each

direction:



" Type of Vehiecle Passenger Car Bquivalency (PCU)

Motorcycle & Samlor S 0,175
Sedan ' . : 1.0
Taxi _ ' 1.0
Light, medium and mini bus 1.5
Large bus 2.1
Pick-up, light and medium truék ' 1.0
Large truck : : 2.5

Fig. 3-2-3 presents directional traffic wvolumes at each

intersection during evening peak hours.

Travel Speed Survey and Delay Observation

Travel speed of wvehicles around the project site was

"surveyed on Rama IV Road and its intersecting roads as shown

in Fig. 3-2~4. Delay of vehicles which had to stop to wait
for the traffic signals was observed on Rama IV Road and the
three intersecting roads.  The results are tabulated in

Tables 3-2-1 through 3-2-4.

Traffie Survey Results

The characteristics of the wvehicles on Rama IV Road was

found as follows:

Peak hour : 15:00 ~ 16:00 brs.
Peak factor ¢ 6,22

Ratio of daily traffic

to daytime traffic : 69.0%

53.0% (Eastward)

.

Directional distribution rate

Tapography and Geology of Bangkok

Bangkok lies néarly at. the centre of the vast Chao Phraya river
basin (the Central Plain), some 30km upstream of the estuary.
The ground,.a typical deltaic river mouth deposit, is quite flat

and low, only a few metres above sea level, and subject to

flooding in the rainy season. The subsoils are geologically of

thick marine sedimentary deposits and classified to quaternary

alluvium reaching down to hundreds metres in depth.

3-5
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In Bangkok; the subsoil depth for foundation study 'is generally
limited to about 50 to 60m except for the foundations of
particularly large constructions. ~ From the top soil the Bangkok
subsoils are composed of soft clay, ‘stiff clay in order and beneaLh
lies the dense sand which is about 3. to 10m th1ck although it varies
with places. That is used as a bearlng stratum for small to medlum
constructions, Further below, 311ty clay contintes to the depth of
50 to 60m and then very dense sand (second sand 1ayer) is found.

Large structures and high bulldings are founded on this layer,

The grOund-subsiding problem of Bangkok.is cbnsidered to be caused
by extensive extraction of water from the first sand layer. The
reduction of the moisture content had been accelerating the
concolidation of the lower stiff clays, However, in the past
several years the upper soft clay has also been affected, so the

rate of settlement has . increased to as much as 6 to l0cm annually

which can be observed in-some part of the city. Raising the road

elevation for flood protection and increase in traffic cause the

additional load on the soft eclay, which further accelerates

settlement.

Thus, the problem extends throughout the Bangkok area and there is
phenomenon observed everywhere in the city that foundations protrude
above the road surface due to settlement of the surrounding ground.
In consequence, the design of pile foundations reaching the dense
sand layer should take account of the_negative skin friction force

imposed from the consolidation of the soft clay.

Battered piles are generally not used in Bangkok because of the
large bending moment that wmay occur due to the settlement of the

surrounding soils.

Ground Condition of Project Site

At the project site along Rama IV Road, there had been once a'kﬁlong
(waterway) flowing along the middle of the road, but the present
road was constructed to a 10-lane road by filling the khlong. Tﬁe
khlong was substituted by a box culvert drain (2.7 x 2.75m) that was

laid on the south of the median.

3~12



In order to further the realization of the program, BMA conducted
the_-séil investigation on 5 locations shown in Fig. 3-2-5, and
reported the result in May, 1988. The report reveals that the
subsoil condition at the site conforms to the general description of
Bangkok subsoils mentioned above, and the depth of the first sand
iayer which is considered as the bearing stratum for the foundation
“is ~about 30m. Fig., 3-2-6 shows - the subsoil profile that is
estimated from these 5 bored holes. The feature of each layer is

classified as follows:

1. Top Soil

The top soil comsists of the road filling material (sand) used at
the time of Rama IV Road construction. The top layer is about

1.0 to 1.7m thick and well compacted.

2. Boft Clay

The layer extending to a depth of about l0m is very weak, the so-
called Bangkok Soft Clay. The soil is of the latest marine
deposits assuming a dark Dbrown colour and with high
compressibility. The values for the standard penetration test in

this stratum were not obtained.

3. Btiff Clay

This layer is a stiff silty clay of dark gray or brown colour and
Ainterbedded with thin layers of fine sand. With more sand
content, it assumes - a yellowish brown colour. Compressive
strength is high and standard penetration test N-values are 11 to
40 (average 20)., This layer lies approximately from l4m to 28m

in depth.

4..Dense Sand

This layer is a dense silty fine sand, 6 to 14m thick containing
thin layers of clay. Standard penetration test varies widely in
the layef; the N~value of the layer closest to the clay layer is
not high giving 17 - 30 but near the middle dense layer it marks

50 or over.
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Table 3-2-5 presents thé summary of physical soil properties of each
layer obtained from the above-mentioned 5 bore holes. The water
level in the'bore holes was observed at about 1.0 to 3.4m deep from

the ground level.

The -~ actual location of the bridge foundation is designed

approximately at the centre of the existing road where the khlong
had beéen filled, while the location of the soil investigation is at

the roadside as shown in Fig. 3-2-5, The thickness of a clay 1éyer

of the upper stratum might be differemt from the data of the soil

investigation. - However, the depth of bearing stratum of sand is

considered not varied,

Underground Public Utilities

There are many public utilities installed under Rama IV Road. As
shown in Fig. 3-2-7 three main water pipes are installed under  the

median and on its south side a drainage box culvert (2.70m x 2.75m)

_'is_installed. Under the sidewalk on each side of the road, water

pipe, telephone cable and power cables are buried. Undar  the

intersecting roads many utilities are installed.

Especiaily under Silom-Rachadamri Road a main water pipe having a

diameter of 1.5m is installed,

Among the above-mentioned utilities the three main water pipes under
the median are considered closely related to the Project. MWA has

agreed to the re-location of the pipes before the construction.

1t is found that to move the draihage box culvert mentioned above is
impossible in the light of limited comstruction time because the
drainage ‘structure has a large feeder system. Therefore the
foundation of the pier column of the viaduct has been planned so as

to avoid the re-location of the drainage box culvert.
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3-2-2

3-2-3

Study for the Structure Requested

. The viaduel structure of the Project has a total length of about

1,500m, . and it. is divided longitudinally into two structures by
direction, with a centre clearance of 2.8 meters in between.
BetWéen the two structures the pier columns to support the skytrain
(MPS) sttucture by ETA will bé provided, The viaduct consists of
one lane in each direction for the section from the western end

beyond the Siphraya intersection, where. the traffic is not so great,

two ramps having one lane in each direction come up between the two

intersections, Siphraya and Surawong, joining the above-mentioned
two ‘lanes, giving four lanes in both directions. The four lanes of

the viaduct overpass the intersections, Surawong and Silom and go

‘down on Rama IV Road at the east end because in this section the

traffic is estimated considerably great.

The above-mentioned pier columns of the skytrain. (MTS8) structure are

designed to stand at 30 meter distances.. To maintain an aesthetic
side view of the row of pier columns, the pier columns of the Rama
IV vyiaduct must be eﬁﬁally spaced, and 30m which is alse an
economical distance for the pier columns of the viaduct is taken for
_the standard spaus that occupy the most of viaduct spans. However a

distance of 50 meters is taken for the span over the intersection

.which requires a wider horizontal clearance.

Check for Projecis Overlapped

As stated in Section 2-2-1, ETA has planned a mass transit railway
system (MTS) since eight years ago. .The Rama IV rail linme is
planned to run along Rama IV Road just the same way as the viaduct

of this Project. The pier columns of both the viaduct and the MTS

‘structure are to be constructed along'the'existing median of Rama IV

Road, but the superstructure, column and foundation of the viaduct

are planned not to be connected with any part of the MI'S structure.
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3-24

Validity and Necessity of the Project

Rama IV Road which involves the construction. site of:this-Projept

directly links from the Bangkdk Port ‘to the centre of Bangkok'in'the

_ east—west direction and is one of the most 1mporfant ma jor streets

in the road network_of the c1ty. Centreing around the prOJect slte,'
several major streets running in Bangkok intersects Rama IV Road in
a north—south d;rectlon. On its northern side . lie Chulalongkorn
University and its bhospital, Lump;nl Park, etc.- and the southern
side constitutes the most -impqr;ant commercial area -including
prominent -business, hotel, shdﬁ?ing and  restaurant. quarters " of
Bangkok. Therefore, . great traffic--tonéentrates- on .Rama IV Road
which forms_fhe worsk. traffic congestion'ianangkok,:hindering the

development of wehicular transportétion'of Bangkok. -

The Report of the "Study on Road Improvement, Rehabilitation and

‘Traffic Safety in Bangkok" issued by JICA in-March 1987 p:esents the

economic analysis of the Project including the construction of the
flyoﬁer across Sathon Intersection. = The result in a 10 year

analysis period is as follows:

Cost benefit ratio Tt 2.64

Internal rate of return @ 23,3%°

The above figures give high returns and. mean - that the Project
including Sathon Flyover is economically viable. In the two years

since thea, the economic validity is considered not to have changed.

By the implementation of the Project following effects could be

expected:

(1) For the stretch of 2.5km 1nc1ud1ng the locatlon of the Thai-
Belgian Bridge (Structure lengthst - 330m), the traffxc on Rgma IV
Road will form a smooth flow, d1v1ded 1nto the through traffic
on the viaduct and the (rlght and left) turn1ng trafflc on the
at-grade road thus the traffie congest10n_w111 be mltlgated‘WLth
the increase in traffic éapacity by ‘about 20% although the

number of lanes of Rama IV Road decréases froﬁ i¢ to B,
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(2)

(3)

 (4)

(s)

(6)

(7

In view
Project

‘on Rama

Under the Rama IV Road viaduct, the traffic on 8ilom, Surawong
and Siphraya_ intersections will be divided into the  through

traffic and the (right and left) turning traffic. Hence the

‘present waiting time for signals 3 to 12 minutes at peak hours
-could be reduced to as short as one minute, thus the traffic

-congestion of the three intersections will be greatly reduced.

From the matters mentioned in (1) and (2) above, the number of
accidents of these intersections with Rama IV Road 1is expected

to be reduced, with a proportional reduction in delays.

From the matters mentioned in (1), (2) -and (3) above, the
natlonal cost. for vehlcular transportatlon, fuel consumption and

users’ travelllng time will be greatly reduced.

Due to the -smooth traffic flow, traffic pollution such as

‘exhaust gas and vehicular noise will be reduced and the living

environments will be much better than the present.

Up to now it is dangerous for pedestrians to walk across Rama IV
Road due to the heavy traffie. After the completion of the
Project, however, the through traffic can run on the viaduct

which will make crossing the road by pedestrians much easier.

After the implementation of the Project Rama IV Road will have
more room for the traffiec and the emergency  transportation of

pafienté to the Chulalongkorn Hospital will be made more easily.

of the above effects mentioned above, the implementation of this
is indispensable not only for alleviating the traffic congestion

iV Road, providing non-stop, smooth traffic flow, improvement to

_the adjacent living enviromments by reducing exhaust gas and vehicular

n01se and development of transportation in Bangkok but also enhanc1ng

the urban transport industry and economic situation.
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Project Description

Qutline of Visduct

As shown in Fig. 3-3-1, Rama IV Viaduct begins 320m west of the
existing Siphraya ~ Phaya Thai road ihterseétion‘and'ehds atIBQOm
east of the existihg Silom - Ratchadamri road interseétiOn;__'The

total road length is about 1,600m including the apﬁroach ramps.

The ~ viaduct is divided lougifudinally into two. structures by

directioni east-bound and west-bound, with a ceatre clearance of
2.8 metres in between, The viaduct consists of one lane in each.
direction for the section from the western end beyond the Siphréya

intersection, twé centre Tamps Eaviﬁg' qhe iéne' in each direction

come  up Dbetween the two intersections, Siphraya and Surawong,

diractions. The viaduct of four lanes overpasses the iatersections,

Surawong and Silom aad ramps down on Rama IV Road at the east end.

§00m past the east ramp of the viaduct, there exists the Thai-
Belgium Bridge which was completed ia April 1988 by the grant aid of

the Belgian. Goverumeut.

The functions of the above-zentiomed two ceatre ramps between

Siphraya and Surawong intersections are described as follows:

(1) To raise the service level Ffor the traffic to and from Phaya

[l

Thai Road and Jiphraya Road through the centre ramps:

€2} To increase the uwkilizatier of the viaduct by providing U-turn
facilities across the median strip bhetwesn Silom and Surawong

intersactions.

{3) To increass the space of Rama IV Road underneath the viaduct by

providing the centre rTamps.
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3-3-2

The outline of the Viaduct is as follows:
(i} Total length of viaduct structure: 1,487m
(2) Type:

Steel orthotropic déck'simp1é girder
(span length: 50m): 8 spans in 2 ways

...

(a) Superstructure

Precast concrete deck on simple steel
girder (span length: 30m): 90 spans in
2 ways

Approach section: apﬁroach slab

Siﬁgle column T-shaped steel pier: &3
units, column in cylindrical shape and.
bracket in rectangular section

(b} Bridge pier

Cast—~in-place conerete pile, diameter
1,000mm, about 30m deep

{c) Foundation

(3) Standard effective : 7.00m (2-lane carriageway) and 4.75m

width {one-lane carriageway)
(4) Load : 1.3 x AASHTO I;Oad_,.. Thai Truck.Lc.)ad
(5) Pavement : Asphalt pavement
(6) Design earthquake : Kh =.0.05

coefficient

Implementation and Operation of the Project

The Project is for the construcﬁion of a wviaduct and after the
completion the viaduct will require maintenance. The Bridge
Maintenance Section is under the Department'of Public Works (DPW),
BMA, The execubive agency of the Project.is DPW and the Bridge
Maintenance Secfién will take care of the maintenance (which
carresponds to the operation of the Project). The organizations of

BMA, DPW and the Bridge Maintenance Section are briefed as belows

Bangkok Hetropolitan-Administration {BHA)

As introduced in Section 2-1-1, BMA is the administration of the
Bangkok area covering 1,565km2. It has an organizatioh of 12
departments as shown in Fig., 3-3-2. DPW takes care of roads within

the jurisdiction of BMA,



Department of Public Works (DPW)
DPY is responsible for planning, design, comstruction maintenance,
construction control and supervision, land acquisition of public

works and buildings, and consists of following divisions (See Fig.
3-3-3):

~ Chief of Secretary . .

- Degign Divigion

- Construction & Maintenance Division

‘Public Works Planning Division

~ Construction Control & Supervision Division

Building Control Division

= Right-of-Way and Land Acquisition Division

. The budget for public works was the largest part of the BMA budget

in the period 1985-1988, more than 21%Z as shown in Table 3-3-~1. The
bddget used for roads was more than 20% of the BMA total
co?fesponding to 907 of the total public works as shown in the same

table,

The numbers of staff of DPW and Construction & Maintenance Division

(C&MD) are as follows (excluding temporary staff, 1988):

_ DPW C&MD
Civil Engineers 133 16
Mechanical Engineers 3 2
Electrical Engineers 1 -
Architects . &1 3
Techniciéns.(civil, survey, 473 127
draftsmen) '
Teéhnicians (mechanical) 20 20
Legal Officer -1 -
Geﬁeral Admin. & Personnel 175 33
(include typist & storemen)
Financial Staff 34 11
Drivers & Cleaners 24 19
Total: 905 ﬁersons 231 persons
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The Bridge Maintenénge Section

The Bridge Maintenance Section is under the jurisdiction of the
Construction and -Maintenance Division of DPW (See Fig, 3-3-4) and
has a comparatively small .orgénization "of 3 ‘engineers, 18
technicians and 253 labourers. This section takes care of the
inspection of bridgeé .under the jurisdicfion of BMA, The 1989
'budget for this séction amounts to ¥31,002,000.

The Executive Agency

BMA has planned construction of bridges, replacement of dld bfidges
and grade separation on major roads. It is anticipated that within
these ‘several years - BMA will encounter some difficulty 1in

maintaining the road facilities with the present BMA's organization.

Féftunatély, however, DPW under BMA has a large sum of budget in

terms of road projects, having at present 133 civil engineers. It

'is  considered that if engineers having experienced in the

maintenance of steel bridges DPW could dispose of the maintenance
problems.

Maintenance Plan

Recommendation for Steel Bridge Maintenance

After the completion of the Thai - Belgian Bridge (Steel structure)

in 1988, BMA has started the maintenance for the steel bridge

including'painting and the inspection of bolt refastening. Since
the viaduct of this Project is scheduled for completion in 1992, BMA
will have to réform its present bridge maintenance organization for
stéél structures. Periodical steel bridge painting can be entrusted

to private specialists, but for the routine inspection the staffing

_forcé must be strengthened. Judging from the examples of Japan, a

steél'bridge with the same size and type as Rama IV viaduct will

require the following works:
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(1) Dpaily work ! Patrol inspection with 2 engineers
Cleaning of drain pipes with 4 labourers
Cleaning of bridge surface with 4 labourers
'_(2)'Hork,as_fedﬁiféﬁ 1 Reﬁiacemént of illumination 1amps

(S)IWdfk-iﬁ 5-15 years :VPalntlng and scaffoldlng therefor
' '(entrusted) '

~ Considéring the above-mentioned ~matters, BMA will have to
- consolidate its. present "Bridge Maintenance Section" only for the
routine works by adding one engineer, one technician and eight

labourers,:

1Ithas'been found that BMA has no experienceJin maintenance of steel
brldges nor appllances therefor. As de5cribed in Séction 343—2 of
this Report,: BMA has preemlnently much road budget and that
_con31derab1e amount of it is approprlated to its road maintenance
budget.' In view of this fact, it may be deflnéd as mnot difficult
that BMA can assign speciaiists.in.steel bridges, being equipﬁed

" with the maintenance apparatuses.

. BMA's Road Maihtenance budgét Expenditure Appropriation

(Unit: " B million)

Increase ' _Increase. ' Inerease

Year 1985 Trate to  1gg0 Tale Lo 1987 rate o 499
: B 77 previous previous’ previous

year year - year

- Road Maintenance  g,0 1 .33.33  217.4  7.8% 2344  22.3%  286.9

Budget-

Rate tQ_Roéd & o o ' o o
Traffic Budget - 26.64 | 11.7% . 17.3% . 17.0%
Rate to BMA . 5.2% 3.22 3.7 4.2%

' Total Budget.- -

(Source: - BMA) _ _
'During'the construction of the Project BMA can prépére a manuél for
steel brldge malntenance with the heip of the Conéultant and the
Contract01 and that 1t also can receive at the site the technology
transfer-of repalr of palntlng, ‘and 1efasten1ng of bolts, etc. by
_settlng up’ an organlzatlon. necessary for the maintenance of the
viaduct within BMA,: Addltlonal expendlture incurred by the change

and reinfdréing of-the-organlzat;on, as stated previously, can be

sufficiently covered by the BMA's present budget.
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Technical Cooperation

In vesponse to a- request form  the Government .ef Thailand, JICA
conducted the "Study on Road Improvement, Rehab111tat10n and Trafflc
Safety in Bangkok" from June 1985 to March 1987, The study proposed
improvements to 11 1ntersect1ons to relleve bott]enecks ‘in the road'
system.of Bangkok, as stated preV1ously. This Project that is one
of the above-mentioned intersectlons haS'been;adopted for review and
consideration by Japanese grant aid assistance. The.project site
lies on Rama IV Road whlch serves as one of the greatest traffic
routes in Bangkok, and therefore the constructlon method w1117'
require most sensitive preparation and attention ever glven to an
arban project. Esp661311y the trafflc management -and contrdl during
the erection of brldge girders, w111 demand ‘the fullest cooperatlon

of BMA and the Metropolitan Police Bureau.

The Project is for the censtrucfion of a.lefge—séale steel viaduct
structure, and. its detailed design and construction "planning aund
gsupervisjon are thought as a rere case 1in Thalland whlch has. not
been experienced. in terms of the magnifude. Local eng1neers desire
to have a chance to learn the methdde'of design and eonstructlon
supervision of.the steel. structure, however, full censideration and
support by the Consultants and the Contractors will be necessary for
BMA staff englneers to obtain -the - technlques about the steel
structures. Exceptional cooperation by the BMA is essential to

realize the implementation of this Project.

The proposed structure is of steel which will require 'pefiqdicel
maintenance. Such maintenmance is not familiar for BMA management
who therefore would be required to secure technical.kﬁdw-hQW for the
steel bridge wmaintenance such as palntlng, Eolt Trefastening,
replacement of noise barriers, etc. which ‘are all regefded as

necessary after the completion. .
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CHAPTER 4 BASIC DESIGN

Design Policy

The design standards which have been established for adoption in

Thailand shall be considered, and where any supplemental criteria

.are required, reference shall be made to the design standards of

AASHTO and Japan.

Study and Examination of Design Criteria
Road Design Criteria

Major design criteria for road design are as follows:

(1) Geometric design criteria;
{2) Drainage design criteriaj
{3) Pavement design criteria; and

{4) Road facilities design criteria

Discussion on the above~listed criteria was made with BMA's
designers and the criteria to be planned for this Project were

confirmed.

Geometric Design Criteria

For the design standards concerning the geometric design of roads,
the technical guideline which was established in the JICA Study
shall be considered. The major elements of the design criteria are
shown in Table 4-2-1, and the typical cross sections of carriageways
of viaduct and at-grade roads are illustrated in Fig., 4-2~1 to Fig.

4-2-3,

Drainage Design Criteria

The drainage design criteria for viaduct surface and drainage system
of rain water running down to the existing drainage box culvert

under Rama IV Road are as follows:



Probability rainfall intensity
Road. surface drainage ¢t 2 years

Roadside area : 5 years

Design rainfall intensity : Ref. to Fig. 4-2-4. '

Pav'_ement Design Criteria

For the bridge surface pavement of the viaduct, asphalt concrete of
normal kind shall be planned because it has an advantage of cost,

noise and maintenance.

The repair of pavement damaged due to the foundation comnstruction,
the repair of the existing at-grade road and the improirement of
intersection will be made in the following ways!

Repair of existing cement _ .
concrete pavement ! cement concrete

Improvement of at-grade road _ _
and intersection : asphalt concrete

Pavement for viaduct and
ite approach : asphalt concrete

For the repair of the existing cement concrete paveme‘nt'the same
thickness as the previous pavement is planned. The structure of

cement concrete pavement will follow the BMA's design standards.
P 8

For the improvement of existing intersections and reshaping of
chamnel Iislandé.asphalt concrete is'applied because the existing
pévement is asgphalt concr_et'e. Asphalt concrete. _.pave.ment will be
applied as much as possible to the repa‘if o_f'exis.ting .p_avement
because the shape of pavement to be rep'ai“fed is COﬁsidered to the
rectangular and the re-paved area must be open to traffic in the

shortest possible time.

The ground below the approach section, which is apt to sink non-
uniformly must be paved with asphalt concrete because the -aSP-halt
paving is flexible. The structure of asphalt concrete pavement

shall accord to BMA's standard.design (See Fig. 4~2-5).
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Fig. 4-2-2 Typical Cross Section for 2 Lanes Two Ways,. Viaduct
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Fig. 4-2~3 Typical Cross Section for At-Grade Street
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d.

- Road Facilities Degign Criteria

-Réad_“facilities” consist of traffic safety facilities and traffic

' 60ﬁtro1 faci1itiés. Among the traffic safety facilities guard fence

. and.illumination facility are closely related to this Project.

4=2-2

~Ou the Viaducflfhe guard fence is installed for handrailing and at

'fhé'ndses'fdr'merging and divergihg traffic streams, On the at-
grade road it 13 1nsta11ed on channelized 1slands and around pler

columns 1ocated close to the carrlageway.

Road 1ightiﬁg whichlhas an efféét to réduce the traffiec accidents at

night is installed on the viaduet.

DeSign'ééope ©t viaduct and approach
Design illuminance : 10 Lux (0.7 cd/md)

Lighting pole and Taper pole, overhanging type 13m,
its height - an angle of less than 5 degrees

‘A lighting polé provided in the middle of the median can illuminate

the two carriageways. = However, considering the future location of

piers’ for ETA sky train structure in the above-mentioned median,
lighting poles should be provided along the outer edges of the

viaduct.

The traffic control facilities includes road signs and marking, road

ihformation ‘boards, traffic signals, etc. The design of these

faeilities shall accord to the Thai Standard.

Design Criteria of Viaduct

Dééign Load .
1, Dead load

~In . estimating the dead load the unit weights of materials listed

in the following table are used.



- Unit Weights of Hateriéls}a

Material

" Unit Weight

" 1,750

Kg/md - (#/cu. ft)
Steel or case steel ;7;850—P:'“- '(490)

- Cast iron I;QQQ:' .(459)
Aluminum alloys 2,800 (175)
Tiﬁﬁer (tfeated or untreated) 800 A 50)
Concrete, pléin ar reinfofqed_ 7 Q,QQQ (QSQ)
Compacted ‘sand, eérﬁh, gréyel'or ﬁallast. '1,900- (120)
Loosé'sénd, éarth,'and'graVel 1,600 (100)
Macadam or gravel, rolled 2,250 (140)
Cindor filling 7 _ ééOl . '(_ﬁb)
Pavement, other than_wood Blbék .-2,400 (150)'
Railway rails, guard rails and.fééﬁehings ' '3,200- (200)
{per linear foot of track) L :
Stone masonfy. 2,?00 (l?Q}
Asphalt plank 9 1b.sq.ft./

lin,thick

{Source: Article 3.3.6 of AASHTO'1983)

2., Live Load {Vehicular Load)

" BMA has been affected with an increése in traffic in Bangkok and

in the increasing weight of trucks coming into the city,

résﬁlting'in the damage to the roads. " BMA hés_judged that the
traditional AASHTO loadings, H20 and HS20 are too small and has

adopted HS20 x 130% together with their own Thai Truck Loading

specified as an overload provision for the infrequent heavy

loading condition (See Fig. 4-2-6}. Since Rama IV Rpéq'is'part

of BMA road network, BMA has requested the adoption of the above~

mentioned live. loads.
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3.

Impact Coefficient

The amount of the impact allowance or increment shall be

determined by the fdrmula{

R YE
vwhere | _
I = impact fraction (ﬁéximﬁm 30 percent);
L = length in feeﬁ of the portion of the span that is

loaded to produce the maximum stress in the member.

Longitudinal Forces

Provision shall be made for the effect of a'longitudinal force of
5 percent of the live load in all lanes carrying traffic headed

in the same direction.
Curb and Railing Loadings

Curbs shall be designed to resist a lateral force of not less
than 300 pounds per linear foot of curb, applied at an elevation
of 10 inches above the floor if the curb is higher than 10

inches.,

The minimum height of a railing used to protect the traffic shall
be 3 feet 6 inches.

Wind Load

The wind load intensity of 50 kg/sq.m is applied hotizontélly at
the right angle to the superstructure in accordance with: the Thai
specification of building construction in case of 0 to 10 m

height.

Thermal Force

According to the climate in Thailand, the range of ﬁemperature

10°C ~ 60°C will be applied to the design of steel structures.

4 - 10



8.

Barthquake

5% of the self weight of the structure is applied horizontally by

equivalent static force method,
Combination of Loads

The f0110w1ng Groups represent various comb1nat10ns of loads and
forces to whlch a structure may be SubJected. " Each component of
the structure shall be proportioned to withstand safely.all grsuﬁ
combinations of these forces that are applicable to the
particular site ‘or type. Group loading combinations Ffor Service

Load Design and Load Factor Design are given by the following

formula, and for service load design, the percentage of the basic

unit stress for the various groups is given in the table below.

qup (N) = y18p-D + B (L + 1) -+ BCF + BB + BpB + BSF + fuW
: 4+ By WL + BULF + Bp(R + S + T} F fegEQ + BicelCEl

where

M = group number; LF = longitudinal Torce lrom live 1oad;
¢ = load faclor, see Table J.22.1A; CF = centrifupai force;
B = coeflicient, see Table 3.22,1A; R = rib shorfening;
D == dead load; 5 =Tshrinkage;
L =liveload; T = temperalure;
1. = live load impact; . EQ = earthquake;
E = earth pressure; 5F "= stream flow pressure;
B = buoyancy; 1CE = ice pressure.
W = wind load on structure;
WL = wind load on live load
Table of Coellcienis y and §
Col.o. | 1 | 2] 3 J3n J4] 5] 6] 1] 8] s1 aof 31 faz] aa | 14,
. FFACTORS . .
crour | 7 [ UMLRAUIEF | € | 6] 5F[ W] WL Li] AT eq[ 1CE | %
1 [10f-t 1 [] P e 1 1 [ 0 (] [] [] 0 1G0
A|1o| 1| 2 |[o |6 o o] of e of ol o0} ¢ | 160
REINEIRE RO EEEDENEE
Qi u Ao o jel v 1| [ i efoj o |of ¢ |1z
Qi [ro [T T |6 3 pg| i |83 i T |50 | ¥
wlw s | i e |uipe| 1] 3] 0| of o] v [o] & |"i2s
g Vit oo Jed 1| {173 o] of v |e| o | 140
Bl ™Mol i o |0 || v e3 i 1] 1 [e]| e {140
i virfrol 1] 0 jo Jel 77T 1] e el of o [1[ o I"133
Yiil} 1,0 1 1 [+ 1 1 1) .10 a 0 L1} o H 148
WlLel 1|76 fo Jo|ajf il 1} 1) el ef a fof 1 ii1s6
X liel 1 o o |0} O 0 o] ¢ a L] o o 100 | Culverd
T Ji3(fpli6iio [iofpg] v 1] o] o] wf 0 |6{ ¢
A (13 |Pof2i0[ 0 Job o] of of o o o) o o e
Ol iv |iadp} o |1 [iof el t| 1] 0| 606} o |4 @ .
iuwafipl. e o Jo|sg] 1] 1] V1] 0] of 0 (0] © ]
ofmi (13 ldpf * |0 |8 |ee)| Lf A o3 1 s} 0 o] 0§ %
SV dailo| 1T {6 |V | e} i} 1| oy oo} 1 [0 6] &
g v [Lis{dp| o [ Q| BE] 1({1 1 [ [ i 0 ) <
;‘: Vi j12s]dp -1 [] [N 1] 03] 1 1 1 o] o 2
ol is(#o e |0 folde| 2 3] ojo]o] ojije
<fvik[ta(fo] 1 fJo [olgg] i) ol o] o] ot
S (tao|fn] T [0 10| P 1| 1} 1§ o} ol e {a| i
¥ (131|630 o |pe| 9| of oaf o o] 0 jof| © Calvert

(L -+ 1), - Liveload plusimpact for AASHTO High-
way H or HS leading ' '

(L I 1), - Live load plus impact consistent with the
overload crileriz ol the operation agency,
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b. Major Comstruction Materials
"1. Steel Material for Steel Structure
The steel material fdr'stéel sttqct@reréhall-accord“to JIS ~and
" the steel material for wéldiﬁg to J8S as well ﬁs'JIS,
- Steel material JIS G 3101 ....... SS41, 8850 |
for structure . JIS G 3106 ....... SM4l, SM50, SM50Y
| |  SMS53, SM58
- Steel Material JIS B 1186 ....... FIOT
for welding . JSS II 09-1981 ... 8107

- Anchor bolt ~~  JIS G 4051 ....... S35CN -
2. Steel Méfefial"for'Concrete Stiructure

The -steel material for concrete structure shall accord to AASHTO

material standards, or JIS.

AASHFO - - 318

Reinforcing bar  M31-86, Grade 40 6 3112, SD30
PC steel bar M275-79 7 ¢ 3109, SBPR

PG steel strand  M203-83, Grade 270 G 3536, SWPR/B

3. Cement

AASHTO . JIS

Portland cement. - jMSSfSQ- S ; "R 5210
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Basié Plan:

Desing of Road and Intersection

"D§3ign of At-grade Stréet

: The.nqmbé#_qfflaneé of the existing'10~lane Rama IV Road will be

reduded by theichstruction_pf the viaduct. Fig. 4~3~1'présents;the

‘nuumber of lanes after the completion of the viaduct. In spite of
‘the decrease ‘in number of lanes, . the traffic capaéihy of Rama IV

_Rdad'will_increase becahse of the availability of'hdn¥stbp'travel by

the thfodgh' traffic, lessening the traffic burden"at each
intersection.
U—tﬂrn'faéilitieé provided between intersections will bring benefits

to vehicle users who at present suffer from long detour travel.

_Fig. 4-3-2 shows the expected effects by thé-completion of Rama IV

viaduct which have been revealed by JICA's previous study. By the

' cdnstruétion of the viaduct, for the stretch of -2,5km including the -
‘location of the}Théi~Be1gian Bridge, the traffic on;Ramé IV Road

will form: a smooth flow, divided into the through traffic on the

viaduct aﬁd the (right and left) turning traffic on the at—-grade
road thus the traffic congestion will be mitigated with the increase

in traffic capacity by about 20% although the number of lames of

‘'Rama IV Road. decreases from 10 to 8. Under the Rama IV Road

viédutt,'the traffic on S5ilom, Surawong &nd.Sipharaya.intersections
will be divided into the through traffic and the (right and left)

turning traffic, Hence the present waiting time for signals 3 to 12

minutes .at peak hours could be reduced to as short as one minute,

thus the traffic congestion of the three intersections will be

greatly reduced.

There exist Eﬁo'pedestrian bridges in the project gite. These two
pedestrian ﬁridges have to be removed before the construction of the
viaduct, The western pedestrian bridge which is located near the

Siphraya intersection is planned to be relocated further west, while

" the eastefn pedestrian bridge near the Surawong intersection may be

replaced by a Zebra C;ossing because of reduced road crossing of two

ianes with lower traffic volumes,
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‘Saturation Degree of Intersection

o

54 Phraya

Surawong

S1lom

Sathon

Max. Queue Length (Eést.BOUﬁd)

0 0.2

LA 1 T : T

] 1.090

1.218
EXISTING

600

o 200 400 800m
N - T N F ¥
Si Phl‘.;ayé 250m
Surawong ] 500m Legend
R Befére Completion
Silom [——] ! of Viaduct
o . After Gompletion
Sathon ﬁ] 700&1 of Viaduct
|
EXISTING
Hax. Scogged delay {Fast Bound)
0 o 2 _ 4 . 6 8 0 min.
T l T 1 -y
51 Phrayé | Swin. 30sec.
Surawong ~ JiOmin.
Silbm' b dwin.
- Sathon: [ _170sec. Nowmin.
CAFTER |
. EXISTIHG

Intersectiqn : Rama IV/Si Phray; - Sathos Rd. (Ho. 020- 023) (P.il. Peak)

Fig..4~3~2 Expected Effects by Rama IV Viaduct Project
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Besign of At—grade Intersection
Three intersections are sigrialised and 'havg jpredomihaﬁce through
traffic volume. Traffic signals are operated by traffic ﬁolicemen,r

and accordingly the .cyclée time of each signal is not consistent.

Fig, 4-3-3 shows the estlmated traffic volﬁme' 6ﬁ thé"viaduct

diverted from the at-grade street whlch JICA' : preﬁious. s tudy

forecast,
(STPHRAYA) (s_;if;itgonc) ' VIAD UCT (SILOM)
1080 K I [ Sl |
N 0 ‘AT EVENING PEAK HOUR
; :::::) LOOO ) .
EST00
1680

C UNIT: PCU/hr
Fig. 4-3-3 Estimated Diverted Traffic. Volume oh Viaduct

The design of each intersection is based on the peak-hour traffic

shown on Fig. 4-3-4.
The following two points are taken into account: .
1. Chamnellization

The chénﬁellizatioﬁ of intersection' is designed:'as shown 'in :
Fig. 4-3-5 to avoid "interlocking right*turn"; . -Thus,’ no bridge
pier should be provided in the centre of intersection. This typé
of traffic management has advantage of hlgh capac1ty and safety

due to good sight distances,

4 ~ 16
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4-3~2

Fig. 4-3-5 Right Turn Channellizatioﬁ Beneath Viaduct

2, Centre Span'of-Viaduct

The longer thé span of a bridge is the more expensive it becomes.
The channellizaton on "interlocking right-turn" method is apt to
make the centre span of the viaduct longer. In this Project,
however, the width of an intersection has heen made as compact as

possible, reducing the length of centre span to 50m,

Design of Superstructure of Viaduct
Span Length

Generally the épan 'iength of 'a bridge 1is determined from the
condition of substructure and the economy of whole structure. In

this Project the length of the span over the interseetion has been
planned at 50m, based on the. 1mprovement de31gn of the exlstlng
intersection. For the length of spans except over the intersection,
a comparison was made to determine the most economic span length and

the result was between 25m and 30m as shown below.

The 30m length is planned as standard span to balaﬁce with the MTS
substructures which have also been designed at. 30m distances on Rama

IV Road.

4 - 18



COST

——— . )
e fio— ~ =~ TOTAL COST
1.bz) oo
_ — SUPPER
) & TURE
JEp—— S a 3TRUC

- STRUCYURE

\\-&“\-\ﬁ(,__ suUB

LAY

rgs
1F
20™ 25M 1M 35@

s SPAN LEMGTH

COST COMPARISON BY SPAN LENGTH

Steel 0rthotro§ic Deck (Fig. 4-3-6}

The steel orthotropic deck superstructure is light in weight,
minimizing the dimensions of the substructure and is excellent in
making the bridge quickly available for traffic after its erection

and road surfacing.

Precast Conecrete Deck (Fig. 4-3-7)

Precast concrete deck which is to be nbn—composite with the steel
girder is planned for use in the standard span section, because
concrete precast deck is low in cost and provides a good bonding
surface for the paving on the bridge, although it is heavy and has

an influence over the substructure,

A comparison was made of seven types of decks: cast—in-place
concrete deck, grating deck, PC composite deck, precast PC deck,
composite ‘deck) p_r.ecast RG deck and steel orthotropic deck. The
result is shown in Table 4~3-1. At the beginning of the detailed
design stage the adoption of PC precast deck or RC precast deck will

be justified.
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Type of Girder

The récord shows that in the Bangkok area the ground has sunk 5 -~
40cm during these 10 years. If the continuous span bridge is
constructed on the ground under this condition, it is certain that
non-dhifdrm'sinking of the ‘structure is envisaged. Therefore the

arrangement of simple span is planned.

.The major disadvantage of simple span design is that many expansion

joints must be provided. For the standard span girder (30m long),

‘however, a simple expansion joint device has been planned over which

asphalt pavement will be continuously placed, thus overcoming the

above-mentioned demerit.
Erection

The work flow from procurement of steel material to erection of

steel girders can be illustrated as below:

* Material

Procurement
Cutting, welding, Cutting
fabrication in Japan in Japan
Marine " Marine
transportation - transportation
Bangkok port Bangkok port
Land . Land
transportation transportation
Welding,
fabrication
Site yard
Erection

4 -~ 22



that the maximum transpoftable goods . from . the

Qur survey -reveals
x 20.0m, and 30 ~50t.‘

Bangkok port to the site yard is 4.0m x 3.5m

- On this basis the maximum dlmenslons of a superstructure mewber fot

road tlansportat1on can be planned.

To rveduce the eréction time, steel members. will be assembled - to
maximum possible size. . .Judging  £:om the .site [cénditions, a
structure having a size 8.5m x 30.0m can be moved in the site area.
In thie case the 30m long girders will be’ ‘erected in one operatlon
while 50m long gifders over the 1ntersect10ns w111 1equ1re two
operations with an “intermediate temporary support. In both cases
cranes with a capacity of more than 150t and special carriages are

required.

Bridge Ancillary Facilities
1. Guard Fence

The guard fence on the viaduct is proposed as illustrated in Fig.

4-3-8,

INSIDE : . 0.25 . S {m)

C QUTSIDE:  0.50 025,
0 /]
0 (]

J28 UL sTeEL pipg
4 © _ TR '
O | 1] :
= 0 . — ] k4| NOISE BARRIER

e} ! :
i3]
0o
1 0

L

e
\_@ALEMENL'“”.L

_Fig. 4~3-8 Guard Fence of Viaduct



Joint Filler

Cut éné Fill with

Pourable Sealant " Copper Flashing

(Asphalt)
= . - '
U~ S 2. S S
{Precast Deck) {Precast Deckj
(Steel'Gifder) - (Steel Girdef)

Hot Poured Sealer Joint

Waterproof
Membrane

Y e

(Asphalt) l {Jl U ! o U [t.:‘ g (A‘Sph.alt)
i3 .

Steel Deck

Steel Filler Plate

ﬁ(Pfecést Deck)

\ Preformed Joint Seal

(Steel.Girder) i | (Steel Girder)

Steel Reinforced Elastomeric Expansion Joint

Fig. 4-3-9 Expansion Joint
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2.

Rubbex Bridge'Bearihgs

Rubber bearlngs are used for most of the bxldges in Thailand.

rhese bearlngs, which are manufactured in. Thalland ~are planned

for use in this Project.

. Expansion Joint

Expansion joints which have slmple structures and are easy for
repair have been planned from the point of view of future
maintenance. The ‘range of -annual temperature change in Bangkok_
18 con31derab1y small and the standard span girders (30m long)
will be covered with concrete decks. Assuming that the
shrlnkage/exPan31on of the steel girders is small in thls case,
seal—-joint type has been planned. Thus the asphaltlc znaterlal
can bé contin@ously placed over the concrete decks, providing a

smooth, comfortable running.

For the steel orthotrdpic deck girders, however, the temperaﬁure
rise of the deck girder by the imsolation is considered great.
Accordlngly strengthenéd rubber joint type which can absorb some
shrinkage/expansion of the steel girder has been planned (See

Fig, 4-3-9).

Leaking surface water through expansion jeints will .greatly
affect the durability of the beérings “and other structural
components. ‘Considering 'the actual maintenance. capaﬁility of
Thailand, the design and instéllation.'must' ensure .pérfect

waterproofing.

Bridge Lighting

If the lighting poles are installed in the median of the viaduct,
they will be obstacles to the MIS structure which isfscheduléd to
start constfruction in the near future._-Théréfore, the llghtlng

poles are installed along the outer’ edges of the v1aduct.



‘5. Drainage
The desigﬁ of bridgé‘dfainage.will provide for the collection of

rain water on the bridge surface, vertical piping to the foot of

pier column and discharge into the existing drainage system.

6. Noise Barrier
Noise : barrier - is installed at the outside of handrailing to
reduce the noise from the vehicle running. The barrier must be

such that it will function as a fascia panel as well.

7. Police Stand
f'Accofding to the BMA's request, a-police stand will be pfovided
on the edge-of the viaduct at each intersectidn. The actual
- example can be seen from Photo 4-3-1 below which shows a police

stand set on the flyover on New Phet Buri Road.

Photo 4~3-1 Police Stand on Flyover on New Phet Buri Road

4-3-3  Design of Substructure of Viaduct
a. Deéign'of Pier Column
1. Shape of Pier

Generally the column type pier of a structure is used in an urban
area, because a pier having a narrow width will provide more

space'under the structure and less obstract the view.

b - 26



In this PrOJect a T- shape pier has been . planned, because the pler

must be constructed in the middle of the medlan due to pro;ect

site conditioms. Fig. 4*3 10 shows the typlcal cross seutlons of

- piers by sectioms.

Material of Pier

For the pier which must support the whole superstructure load

with one single pier column, all the msterial of the pier is of

steel which is superior over concrete:

(2)

(3)

(1) Shorter construction time

From the - degree' of traffic :congestlon: of the Préject the

constructlon time must be minimum. " The steel: members which

“have been prefabrlcated :in_ a ,factory',can be erected in

pogition much faster than the concrete plétgment.

Possible mitigation of traffic congestion during construction

Steel prefabr1cated members can be erected’ in p051t10n in one
night occupylng a smaller space and in the follow1ng dayt1me
the trafflc _isf passable._ 1“In the case of the concrete
structure part of ‘the carrlageway ad;acent to the structure
is occupled 'cont1nuously day and nlght for . setting of

ucaffoldlng, form work and concrete plac1ng and curing. -

Light weight-of éﬁruttﬁre o

A large overhanging structﬁre-is requifed as illgstrated;in
Fig. 4-3-10 (2/3). For a 'éqncrete structure ﬁhe. beam will
have a weight of about 100 tqns, _its -erection. withpﬁt
sophisticated launching girders ié'almost_impossible.

In comparison, the erectibﬁ of a étéél:étfucfufe ﬁéﬁing the
same dimensions is relatively easy, . Although. the. steel
structure 1is generally more . expensive . compared with a
concrete structure in Thailand,3it will meet thé cOuStrﬁction

reqairements.
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3.

Crosa-sections of Pier

The. cross-sectional shapes of the pier members are box type for
beam and cylindrical .for column both of which are generally used

to unify the outer appearance of a pier from an aesthetic point

of view,

b. Design of Foundation

1.

Foundation Pilé

As stated in Secﬁibh 3—2—1, £, the upper_qlay 5011 layers are
soft. and not su1table for . the. suppott of struéfures. The
foundation of the structure must be supported bv the Stlff layers
of clay or sand existing at the - depth of about 30 metres below
the existing ground surface. Therefore a piled foundation is

planned.

Cast"innplace Reinforced Concrete Pile

Three types of pilest "Cast-in-place concrete pile’, ?ﬁrecast

prestressed concrete pile", and "PC well” have been studied . by
considering the subsoil conditions of the site, the restraints of

piling work in am urban area, and economy.

Alternative 1: Cast-in-place concrete piie, 41.0m

The bearing capacity per pile (about 280 tohs) is large and
noise and vibration caused by  the piling work are’ reduced
compared with ordinary percusslon pile dr1v1ng. 5 In Thalland
there are many practises in cast-1n~p1ace concrete’ plle and
many construction companies specializing  in pile

construction.

Alternative 2: Precast Prestressed Concrete Pile, 40.6m

This method is most economical 2nd in Thailand there are piie
manufacturing factories with many different préctiseé.
However, the ﬁeréussion driving of piles wili cause.ﬁfoblems
in ‘noise and vibrétion, which “is not _suitéble .for thé

conat;uction in the middle of highly_ufbahized area.

4 -31



Alternative 3: PC Well, ¢3.0 = 5.0m

This method is a:new technology which must be introduced from
Jépan. It is févourable_in execution time and éonstfuction
_procedure, ie., direct comnection between pier column and the
PC wéil, saving the footiﬂg.' By this method the construction

time can be shorter and the working area reduced.

However,; the equipment necessary for this method must be

bfougﬁt_from'Japan,

Merits and demerits of the above alternatives are shown in
Tablé'453~2," As the result of the study, the cast-in-place
concrete pile method has been planned because of familiarity by

Thai Contractors.

c. Design of Structures for Approach Sectioms

1.

.Height of Embankment

Dﬁe to the poor soil conditions a high embankment can not be
provided in the approach sections. The limit of high embankment

will.range from 1.5m - 2.0m.

NOnﬂuﬁiform Ground Settlement

Nénﬂuﬁiform. ground settlement is easily vrecognized in the
conﬁection between the embankment and the structure supported on
a rigid foundation. To minimize the_ ground settlement, the
design of approach sections makes the bridge section longer to
make embankment section shorter and run-on slébs are provided to
.preveﬁt the road surface from sinking abruptly at the bridge

abutment.

.Désigﬁ of Approach Slab

"The construction of the rum~on slab which occupies a wide

‘construction space across the road will be a bottleneck for the

traffi¢ management. Therefore the approach slab must be designed

-so as to complete - the construction in "a short time. The

o stfucture of approach slab which is formed of precast plank slab

beams has been proposed as shown in Fig. 4-3-11.
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