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Tokyo, 15 Novemher 1968

LETTER OF SUBMITTAL

His Excellency Mr. Tahkeo Mika
Minister of Foreign Affairs
Tokye, Japan

Excellency,

1 have the honor to present herewith to Your Excellency ihe
Second Phase lleport on the Nong hhai/Vientiane Bridge lroject for
which the works have been entrusted 1o the Overseas Technienl (o-
operation Agency by the Goverament of Japan,

The Govermment of Japan, fully cognizant of the impertance
of the economic cooperation with lacs and Thailand, offered 1n April
1967 to undertake the fensibiliiy study on this project in response
to the requesi of the Commitiee for Coordinetion of Investipations
of the Lower Mekong Basin.

The Agency dispatched again a team of engineer, the second
phase survey team, headed by Mr. lkyozo Yoshida, Chief of the I'rojects
Nepariment of Nippon Keei Co., lLid., for a periovd of about four months
from Februnry Lo June 1GO8,

Tn Japan, three members of Lhe ndvisory party headed by
Nr, Takeo Fukuda, Professor Hmeritlus of the University of Tokyo, .
the presideni of Kozo-Keikaku Consultants Co., Lid. were concerned
in the téchnical advice for the feasibility study of the project in
making the preparation of the Secand Phase Report.

This report covers the results of the second phase investi-
gntion as well as the first phase investigation and provides necges-
sary data for the Mekoug Committee to decide the kind of bridge
between u rail/highvay bLridge and a highway bridge at the Nong Khai
bridge site vhich was selecied from among the three proposed sites
in the First Ihase Report. This report slso has recommended as o
conclusion that the Mekong Commitiee selects the rail/highway bridge
for the project.

The decision of the kind of the bridge to be made by the
Hekong Committee is urgently rvequired for the compilation of & drafi
fersibility report of the project which is to be submitied beflore
the session of the Mekong Committee scheduled in January 1969,



A,Fﬁfiﬁermore, in casé that a rail/highwuy bridge would be finully
sclucied, the decision of the railway route between the route C and
the combined route C-D, which have been recommended to be more favor-
able ihan the other three routes A, B and D in the Second Phase Report,
is necessary before proceeding to make the draft feasibility report.

Since the Governmenl of Japan has decided to undertake before
long the tlopographic survey on these two railway routes C and C-D com-—
bined, the preparation of a draft feasibility report had probably
better be made after the results of the above survey and its subsequ-
ent feasibility study are oblained,

i1 is thus indispensable for ihe Mekonp Committee to decide
the kind of the bLridge and, if necessary, to select between the two
railway routes before the draft feasibility report is provided,

Buring the field investigations, the members of the survay
team have duly achieved the task entrusied to them, with full coprn1—
zance of Llhe extensive significance of this project to all the coun-—
iries concerned,

On this occasion, I wish to express my sincere thanks to all
concerned af the Government of Laos and Thailand who have kindly ex-~
tended their supports and cooperations, My appreciation also Foes to
the members of the Japanese embassies, who cooperate with us during
our investigation, and to the apgencies of the Japanese Government
and the consulting companies who nssisted us in dispatching the survey
team.

kespectfully submitted,

Shinichi Shibusawn
I'resident

The Gverseas Technical Cooperation Agency
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LETTER OF TRANSMITTAL

Mr. Shinichi Shibusawa

President for Overseas Technical
Cooperation Agency

Tokyo, Japan

Dear Sir,
) I have the great pleasure to submit herewith to you the Second
Phase Report on the Nong Khai/Vientiane Bridge Project for which the

. works bave been entrusted by you to Nippon Koei Co., Lid.

. The Nong Khai/Vientizne Bridge Project aims at constructbing-
a bridge over the Mekong to complete the Asian Highway A-12 from Sara
Buri in Thailand to Vientiane in Lacs and to extend to Vientiane the
existing railway in Theiland now linking Bangkok with Nong Khai, if,
~ feasible,

The feasibility study of the project has been made from engi-
neering, ecohomic and financial viewpoints in accordance with the
- provisions of the Plan of Operation that was signed on 14 April 1967
~between the Mekong Committee and the Japanese Government. The works
have been divided into four phases and the purpose of each phase is
as described below. ’

First phase: . To execute the preliminary investigation
. c ‘and study for the selection of the most
favorable bridge site from among the three
- C . proposed sites, Nong Khai, Vientimne and :
, Pa Mong, and for the selection of the kind
. . - : "of bridge to be constructed, i.e., a high-
w¥ay bridge versus o rail/highway bridge.

‘i.,v . - (The required period: 6 months)



NIPPON KOBI CG., LTD.
"TOKYQ, JAPAP{

Second phase: - To execute the feasibility imvestigation
: and .study at the bridge site selected by
the Mekong Committee, ’

(The required period: 12 months)

Third phase: = To prepare a draft feasibility report on
) the basis-of the results of the investi-
gations and studies executed in the first

and second phases.

- ] ’ (The required period: 4 months)

Fourth phase: - To print the final feasibility report in
accordance with the decisions of the Mekong

- Committee based on the first, second and

third phase reports. -

(The required period: 2 months)

The first phase investigation was executed for a period. from
August to October 1967 and the First Phase Report was submitted to the
Mekong Committee in December 1967. The Mekong Committee immedintely
decided to select the Nong Khai bridge site from among the three pro-
posed sites following the recommendntion stated in the First Phase
Roport and the advice of ihe Advisory Board.

The bridge site had no sooner-decided than the second phase
investigation was commenced. The investigation was carried out for
a period from Pebruary to June 1968 and successively the Second Phase
Report was prepared and thus submitted about two months ahead of the
schedule of January 1969,

The main purposes of the Second Phase Report are (1) to study
the engineering, cconomic and financial feasibilities of the two kinds
‘'of bridge, a rail/highway bridge and a highway bridge, and to select.

"~ between the two by comparing.the engineering, economic and financial
merits and demerits of them, (2) o study the engineering, economie -
and financial feesibilities of linking two parts of the Asian Highway
A-12 that lie separately on both Laotian and.Thai territories, and °
{3) to study the ‘engineering, economic and finnncial feasibilities
regarding the extension of the existing railway running between Bangkok
- and Nong Khai up to Vientisne,’ S e T - oo
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From the compreohensive considerations, the Second Phase Report

“has recommended a rail/highway bridge to be selected by the Mekong
Commitiee for.the Nong Khai/Vientiane Bridge Froject.

We dre now ready to proceed to the third phase work of pre-

paring & draft feasibility report of the projeet. The Mekong Committee
is respectfully requesied io decide the following three matters so that
wve can start the said work.

(1)

(2) .

" These two routes have been recommended to be more profitable

{3)

To finnlly select between the two kinds of bridge, i.e.,
e rail/highway bridge or a highway bridge,

To finally select beiween the two railway routes, C and
C-D combined, in case that a rail/highway bridge is selected,

then the other three routes A, B, and D in the Second Phase
Report. It is very difficult to recommend either of the two
routes C and C-D combined, as mentioned in Chepter III, Para-
graph 3.2,, in this report,

The Japanese Government has decided to carry oul before
long the topographic survey on these two routes to make the

Teasibility study of the extension railway, of which the field

investigations hitherto made have been confined to the extent
of possibility according tae the Plan of Operation.

Consequently, it is reasonable to finally select between
the two after the said feasibility study is completed. The
results of the above survey and study, however, are expected
to be drawn in mid-April 1969 and therefore are not in time
for the preparation of the draft feasibility report that is
scheduled to be submitted in January 1969. If it is strongly
desired that the results are reflected upon the repori, the
draft feasibility report should be prepared after the fea-
sibility study of the extension railway is finished, or if it
is required to prepare the draft report on schedule, either
the route C or the combined route C-I) has te be provisionally
selected by the Mekong Committiee.

it is-our desire that the Mekong Committee recommends us
a standard loan or two to practically make the studies of the
economic and finanecisl feasibilities of the projeect, although

. three kinds of loan have been taken up for the studies in the

Second Phase Report, namely, o loan in 40 years at three-percent
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SUMMARY AND  RECOMMENDATITON

5.1, Feasibility

Nong Khai/Vientiane Bridge Project is feasible. Whether the
bridge is a rail/highway bridge or a highway bridge, the project
involves no engineering difficuliy and is much beneficial to laos

end Thailand undeoubfedly,

A tesl drilling was carried ount into the Mekong river-bed for
four months from February te June 1968, As a result it was found
that the alluvial deposits cover comparatively thinly over the Ju-
rassic reddish siltstone with shale layers intercalated, and the
silistone is firm enough to support the bridge. 1t is not diffi-
cult to excavate the ailuvigl deposits and toe found tne bridge piers
on the saijd dependable foundation rock. No grave enpineering pro-~
Llem is assumed to occur in the course of the bridge construction,
altheugh 1t poes without saying that the bridge should carefully
be ronstructed., The project structures other than the bridge are
quite ordinary. %The construction cost is estimated at 20,000,000
U.S, dollars in the case of a rail/highway bridpe and 12,000,000

V.S, dollars in the case of a hiphway bridge,.

After construction, ithe project can produce the benefit of
about 9,000,000 G.S8, dollars anpually, provided that the construe-
tion is implemented with a generous grant or a soft loan., Lven an
2 loan with ten-percenl rote of interest, the annual benefi1t amounts

to about 4,000,000 or more U,S. dollars equivalent,

The benefit-cost ratio is more than 7 in the case of a grant or
a soft loan, and around 2 for o }loan at ten-percent rate of interest,
The 1nternn}l rate of return is estimated at 12 percent at the worst

case.

The project also brings aboutl much indirect benefit such as the

saving of transportatien cost, the saving of stock in shops and foc-
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tories, the increase of Jland price, and expediition of agricultural
development, livestock industry, mining, lumber industry and so
forth. 1In the case of a rail/highway bridge, rapid urbanization is
expected in the vieinity of the Vientiane railway stiation that is
planned to bLe ccenstructed at ihe outskirts of Vientiane, and will
cause much increase in land price. The resultant income of land-
owners is estimated at about 13,000,000 U.S. dollars equivalent in
the totnl capitalized worth of 1973 during the period from 1673 to
1950.

Viewed from the financial point, if a soft loan is financed,
the project can repay the loan with the bridge tolls as low as more
than one eighth of the current ferry charge for buses, personal cars,
taxis and railway freight and one fourth for heavy trucks. As the
annual rate of interest of loan is raised, the bridge toll of each
of the traffic components also gets higher., The bLridge tolls are
almost equal to the current ferry charpes in the case of a loan with

ten-percent annual rate of inlerest,

As understood from Lhe above mantters, Nong hhai/Vientiane Bridge
I'roject is feasible from the engineering, economic and financial view-
points and most beneficial in case thai a penerous grant or a soft

loan is fimanced.

5.2, Construction

At the present moment, iwo kinds of bridge are considered: a
rail/highvay bradge and a highway bridge. In Lhe case of a rail/
highway bridge, a single-track railway and a two-lane highway are
o be separately built on a bridge. A sidewalk and a gangway for
track inspection alse are provided, The railway is to be extended
up to Vienliane via the bridge after branching off at Nong Khai
from the existing northeastern trunk line of the Roynl State Ilailway
of Thailand, and the Asinn Highway A-12 that at present is divided
into two parts by the Mekonyr is to be connected by means of the

bridge. 1In the case of a highway bridge, only a two-lune highway
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with two sidewalks on either side is Lo be provided on a bridge and

the said highway is tb be linked with each other.
The folloving are the principal features of the project.

Table §.1. Project features

Characlerization

Item Unit

Rail/Highway bridge Highway bridge

1. Project

1, Location 600 km northeast of Same as the lefi
Bangkok, 20 km south-
east of Vientiane and
3 km upstream of Nong
Khai

2, Purpose To build a bridge To build a bridge
rcross the Mekong across the Mekong
including the con- including the con-
struction of access struclion of access
highway, A new rail- highway, 1mmigration
wvay Lo be extended offices, customhouses

. to Vientliane, im- and other structures

migration offices,
customhouses and
other structures

J. Copstruction cost uss 20,000,000 12,000,000

1T. Bridge
1. River width m 640 Same as the left

2. Navigation requirements

(i) Vertical clearance m 10 "
(ii) Horizonial clearance m 78 "
3. Design high-water level m EL. 167 "
4. Type
(i) Main part Steel J-span-~ Steel 3-span-
_continuous Warren continuous box-
truss girder

(Battledeck floor)



~ continued -
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Characterization

Item Unit
Rail/Highway bridge Highway bridge
(ii) Other part
Railway pari (RHy) Plate girder and
reinforced conecrete
3-span-continuous-
rigid frame
Highway part (Hy) Composite girder and
reinforced concrete
Je~span-continuous-
_hollow slabl
5. Bridge width
(i) Reilway part m 4.0
(ii) Highway part m B.0 8.0
{iii) Sidewalk m 1.5 1.5 each
(iv) Gangway m 1.5
{v) Totnl width m 17.8 11.6
6. Bridge length
{i) Main part m 720 710
(ii) Other part
Plute girder (Ry) m 60
Composite girder 60
{(Hy) m
Rigid frame (Rky} m 341.7
Hollow slab (Hy) m 270
T. Number of abutment
and pier m 11 13
3. Span
(i)} Mein part m  {70-70-70)x3+90 (50-60-50) x3+
(70-90-70)
(ii} Other part
Plate girder (Ry) m 30430
Composite girder
(Hy) m 3030
Rigid frame (Ry)
Thai side m {10-10-10)+
{(6-10-10-10)x4
Laotian side m (8-15-8)+(6-10-10-10)
X34 (6-8-8-6.T7)
llellow slab (Hy) m (15-15-15)x6
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Characterization

Hem Unit
Hail/Highway bridge Highway bridge
9. Summii of formation m El. 179.270 EL. 182.560
10, Longitudinal pgrade
(i) Main part % 1.2 4.0 (Laotian side)
2.8 (Thai side)
(ii) Olher part
Plate girder (i) @ 1.2
Composite girder
(Hy) % 1.2
Rigid frame (Ity) 1.2
Hollow slab (Hy) 4.0
ITT. Highway
1. Access highway
(i} Length
laotian side Km 0.1 fame as the lefi
Thai side " 4,9 5.3
{ii) width
Roudway (two lanes)m 7 Same as the left
Shoulder (each on m 2.5 "
both side)
(iiy) hadius of curvature m 500, 110 500, 200
2. Aéministrative facilities
(relative 1o immigration
and custioms)
Laotian side m2 125,000 65,000
Thai side m2 60,000 60,000
1v. Rajilway
1. Lengih
(i) Laotian side Km 19.2
{Route of C-D combined)
{ii} Thai side " 0.9
2. Track pauge m 1,000
3. Hadius of curvature m 600, 400
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- continued -
Characterization
Item Unit
kail/Highway bridpge lighway bridge
4, Station

{i) Vientiane station m2 107,900

(inc¢luding ndminis-—

trative facilities)
(ii) New Nong Khai staution 32,200

lﬂz

{including adminis-
trative facilities)

The project structures aure outlined in PLATE 1 to 23. These siruce—
tures have been so planned as to meet the requests of both Laotian and
Thai Governments as well ns from enpineering and economical viewpoints,
As ihe Mekong forms the border between Laos and Thailand in this region,
special administrative facilities are required to go through due for-
malities such as immigration and customs. Four couples of examples are

shown 1n PLATEs 22 and 23.

As mentioned before, the project will cast about 20,000,000 U.5,
dellars in the case of a rail/highway bridge and about 12,000,000 U.S,
dollars in the case of a highway bridge. The annual cost 1s estimated
at about 2,000,000 U.S, dollars in the former case and 1,000,000 U,sS.
dollars in the latter case, respectively. The useful life of the pro-
ject is assumed to be nearly 40 years in the former case and a little

more than that in ithe latter case.

5.3, Benefit

After the project is completed, much benefit acerues from the pro-
Jeet. At first, traffic will rapidly increase. The users of the bridge
will make a noticeable profit on the savings of travel time and vehicu- .
lar operation cost, comfortable traveling, less chance of accidents,
increase in carrying capacity, and se forth. Furthermore, the project

will positively affect the rise in land vilue, drup of the price of
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the commodities, the rise in development value of naturpl resources,

promotion of tourism, progress in economic activities, and so on.

Table 5.2 shows the principal values of the project regarding
the fuiure traffie, benefit, cost, wudequnte tolls, internal rate of
return, and so on, The future traffic volumes given in Table &,2
were estimated based on the results of the origin-destination survey
that vas executed in ‘the first phase investipation and the economie
dnta collected in the second phase investipation. The future traffic
grovth regerding vehicles largely depends on the bridge toll, If the
bridge is free of charge, the future traffic remarkably increases as
shown in Table 5.2, 1In case that the bridge tolls are all the same as
the current ferry charge, the future traffic growth is much less than
that of the non-toll bridge as understood from the figures given in
Table 5.2. As for the railway Freight and the railway passengers,

the future growths of Lhem are not so remarkable as that of vehicle,

The annual benefits of the bridge have been computed as the sum
of the savings in the time and cost of travel and _the current ferry
charge in comparison with the current ferry rumning beiwcen Tha Naleng
and Nong Khai. The values of the annual Leneiit given in Table $.2
are the maximum annual benefits obtainable during the amortizatlion
period in relation to the adequate tolls of the traffic components.

As repards loans, three kinds of loans were considered for the eco-
nomic justification and financial feasibility of the project: (1)
J-percent rate of interest and 40-yeur repayment period, (2} T-percent
rate of interest and 25-year repayment period and (3} l0-percent rate

of interest and 20-year repayment period. The annual benefit has been
estimated in case that the project is implemented wilh a generous prant,

too.

The ennual cost comprises the annual amortizalion cosi and the
working expenses such as costs of operation, miintienance and replace-
ment of the project structures. The amnuel amortization cost was esti-
mrted brsed on the construction cest censidering respective usable

lifetimes of various structures.



The adequate tolls were decided so that & given loan could be
entirely repaid during its amortization period and the maximum annua)
benefit could be obtnined during that period based on the future iraf-

fic estimated under such tolls.

The financinl feasibilily of the project has thus been studied
&t the same time. The financial-problem largely depends on the bridpe
1011, When the bridge tolls are us high as the current ferry charges,
it is very easy ilo repay loan but the traffic growth is low. As the
bridge tolls beceme lower, the future traffic growth becomes higher,
In this project, the annual rate of interest of loan should be limited
to around 10 percent or less to solve the financial problem within

fovorable extent.,

5.4, Necessity

As mentioned above, once it is realized the project can bring about

vast benefii {to both Laotinn and Thai peoples from the cest equivalent
to some fraction of the benefii. The project not only is thus promis-—

ing but also involves a pressing need for its realization as follovs.

laos is a landlocked country surrounded by Thailand, Burma, China,

Norih Viet Nam, South Viet Nam, and Cambodia. With no direct access
to the sea, laos' trade with foreign countries has been carried out
for these several years via inland routles in Thailand From ihe port

of Bangkok to Vientiane.

Before the #orld Wwar IT, Laos alony with Viet Nam and Cambodia
formed the Indochina, a political entity under French Rule, 1t was
then natural that all the communication systems from Lavs were linked
with Viet Nam and Cambodia. A long highway network was buill to con-

nect principal cities in Laos to Hunoill, Haiphong, Hue, and Denang.

/1 The length of each of the transportation routes is estimated

to be:

(1) Hanoi to Vientiane: 800 Km lonp by road
(2) Saigon or Phnom Penh to Vientiane: 1,200 Km long by road
{3) Bangkok to Vientiane: 600 KEm long by road

or by rail

viii



Along the Mekong in laoes, an important artery road connected Vientiane
to Thakek, Savannaket, Pakse and then c¢rossed the border into Cambodis

tovard Phnom I'enh and Saigon.

Before 1945, most of ihe Laosg! foreign trade wvas made cither
ihrough Cambodia or Viet Nam and scarcely through Thailand., At present,
howvever, with 1he new situation created in this region afier the war,
trade through Thailand has become the main route for commodities flow-

ing in and out of Laos.

Nowadays, Bangkok serves as the main port for Lnos and the goods
destined for Laos are conveyed from the port of Bangkok by rail or by
road to Nong Khei on the south bank of the Mekong., At Nong Khai,
caergos are itransshipped to the ferry to cross the Mekong and then car-
ried to Vientiane again by trucks, Aceordingly, the ferry crassing of
the Mekong constitutes bottleneck for the traffic Lo and from Laos.
The existing ferry facilities are no more able to service the increas—
ing volume of traffic, Long rovs of trucks awititing the ferry on the

Nong Khai side are witnessed these days,
It is a long cherished desire of the Lnotian people as well as

the Thai people to connecti faos with Thailand across the Mekong by

consiructing a wodern structure like a bridge,

5.5. Feasibility Investigations

Pushed by such a pressing need, the Mekong Committiee requested in
February 1967 the assistance of the friendly countries concerned to the

execution of a feasibiljty study of the project.

The Japanese Government affered to undertanke the feasibility study
at the 32nd Session of the Mekong Committee in April 1967. The Laotian
and Thai representatives accepted this offer and the Ylan of Operation
of the investigation was signed on 14 April 1967 between the Mekong

Commitiee and the Japanese Government.

X



The execution of the investigation was entrusted to the Overseas
Technieal Cooperalion Agency by the Ministry of Foreign Affairs of the
Government of Japan, The Agency requested Nippon Koei Co., Ltd. for

cooperation.

Accord;ng to the Plan of Operation, the feasibility study 1s di-
vided into four phases. The [irsi phase investigation was performed
&t site during the period from Augusi to October 1967 and the Pirst
Phase Report was submitted 1o the Mekong Commitiee at the end of December
1967 s0 as to be in time for the thirty-fourth session beld at Banghkok

in mid-January 1968,

The Mekohg Committee decided to select the Nong RKhai bradge site
from ameng the three proposed sites of XNong Khai, Vientiane and I'a Monp
based on the conclusion and recommendation siated in the PFirst Thase
Report and the advice of the Advisory Board after reviewing the repori
at the Board meeting held successively after the thiriy-fourth session.
The second phase investigation was conducied as soon as the bridpe site
had been decided. The Japanese bridge team was despatehed from mid-

February 1908 to mid-June 1968,

The following six kinds of the surveys were conducied in the first
and second phase investigations: topographic survey, soil survey, me-
terial survey regarding concrete apggregates and embankment malerianls,
reconnaissance for several reutes of railway and highway, collection
of various kinds of engineering dnta and econemic survev. The feasi-
bility investigations have thus been almost completed at the present
moment, but there still remnin some more feaxibility investigations to
be made. Tn addition, various kinds of the detailed investigations shall

be implemented before construetion,

The fellowing are such indispensable investigations.
(1) Route survey of the ranilway to be extended [rom Nong Khai
to Vientiane,

(2} Field invesiigrntions concerning the bank erosion and

river-bed scouring,
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(3) Deteiled material survey concerning concrele apgregate,
river sand and gravel for pavement use, embankment mn—

terinls, ballast, laterite and slone,
(4) Detailed topographic survey,
(5) Detailed design of the project structures, and

(6) Treparation of the tender documents.

5.6, Conclusion and Recommendatiion

Although there are thus a few feasibility investigations to be

carried out in the near future, there is no room to doubti that Nong Khai/

Vientinne Bridge Froject is feasible to the satisfaction of ihe autho-
rities concerned and is worth undertaking the materializotion of the
project as soon as possible, Tt is advisable to seck for a favorable
loan at the earliest moment for financing the projeci. Hefore that.,
either the rail/highway bridpe or the hgihway bridge has to Le select-
ed and the fensibility report of the project shall be provided reguard-

ing the selected kind of bridge,

As for the decision of the kind of bridge, it is recommended that
the rail/highway bridge be finally selected as mentioned in Chapter V,
Although the highway bridge can-guarantee more cepitalized net benefit
and higher benefit-cost ratio than the rail/highway bridge as indicated
in Table 5.2, the rail/highway bridge has the advantage of the highway
bridge when synthetically judged from the results shown in Table §.2.
taking into consideratlion the various indirect benefits. 1f the rail/
highway bridge is selected by the Mekong Committee after the submission
of the Second Phase Heport, successively the ra1lway route to be con-
structed on laotian soil has to he selected from among the proposed
five routes, A,B,C,D and C-D combined. In the Second Fhase Report,
the route C and the combined route C.l) are more recommended than the
other three routes. Tn selecting between the twe routes, the results
of the rouie survey of the extension railway, which is going to be
undertaken before long by the same Japanese bridge team, should be re~
ferred to. The results of this route survey are scheduled to be ob-

tained in mid-April 1969,

X
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Table S,2. Future traffic, benefit and coat
Ttem - Unit Rail/highway bridge Highwvay bridge
Toll Non-toll Toll Non=toll
1. PUTURE TRAFFIC
1, Estizated future traffie
{i) Vehicles i
AJD. 1973 vehiclaes/duy T47 1,273 1,084 1,640
1950 . " 4,647 8,317 6,377 10,140
2000 " 6,941 12,459 9,490 15,146
(ii) Railvay freight
) AD. 1y7) tensfdny 591 609
1900 " 2,586 2,664
2000 " 3,760 3,873
{ifi) Hailvay passengers
A.D, 1973 persons/day 337 361
1990 " 1,746 1,922
2000 " 2,654 2,840
11. DIRECT BEXEFIT
1. Annual benefit
(i) Loan I, (3%, 40 years} uss 8,784,000 8,546,000
{it} Loen 11, (7%, 25 » ) " 5,923,000 5,902,000
{2ii} Loan 113,{10%, 20 ~ } " 3,929,000 4,632,000
(iv) Grant " 9,281,000 8,994,000
2. Capitalized benefit
{i} Lean 1} {Uss) 174,846,000 170,002,000
{ii} Loan 1II i 55,404,000 55,152,000
(iii) Lean 1I1 " 27,612,000 32,16!_3,000
(iv) Grant " 289,644,000 280,161,000
1I1. COST
1. Annual cost
{i) Loan 1 3] 1,198,600 699,200
(11) Loan 11 " 1,825,700 1,087,500 )
{1ii} Loan III " 2,364,800 1,419,400
{1v)} Grant " 1,177,600 665,760
2. Capitalized cosat
(i} foan T (153 27,145,000 16,598,000
(ii) Loan 11 " 24,121,000 14,652,000
{iii) Loon 111 " 23,023,000 13,945,000
{iv) Grant " 26,659,000 15,823,000
IV, BENEPIT-COST IATIO
(i) Loan 1 7.3 12,2
{1t} Loan 11 3.2 5.4
(2ii) Loam Y13 1.7 3.3
{iv} Grant 7.9 13.5
V. CAPITALIZED NET BENEFIT
(i) Lonn 1 uss 147,701,000 153,404,000
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P
continued
Jua 1 /highwmy bridge HBighwny bridge
1tem Unat
Toll Mon-toll Toll Non-toll
{12) loan TI1 Uns 31,283,000 411, 500,000
1iti) Loan 171 " 4,589,000 18,215,000
{iv) Grant " 262,985,000 264,338,000
V1. ADFQUATE TOLL
[Current ferrv
1. Lonn 1 charge)
{i) Dusex Bahita/vehicle 5 5 570
{1i) Personnl cars " 5 5 (40}
{ii1) Taxis " 5 5 {40)
(iv) Heavy truchks s 30 10 (110)
{v) Light truchs " 5 5 (57)
{vi) Motorcycles " 5 5 (5)
(v1i) Rnilway freight Bahts/ton 5 (40)
{vii1) Hnilway passengers Hohts/person 5 (5)
2. Loan T1
{1} DBuses bahta/vehicle 25 5
{1i) Yersonnl cars " 5 5
(1ii) Taxis " 5 5 .
{iv) Heavy truchs " 10 50
{v) Light trucks " 25 5
{vi) Motorcylces " 5 5
{v1z) lnilway freight Buhits/ton 25
{v111} Rnrlvay pasrenpers Bahts/person 5
3}, Loan IIX
- (1) Buses Bahts/vehicle 55 10
{(ii) Persona] cars " 35 5
{iit) Taxas " a5 5
{iv) Heavy trucks " 110 85
{v) Light trucks " a0
{vi) Motorcycles N 5 5
{vii) kmilway freipht Tahis/ion a0
{viii) Haadlway passenpers ahis/person 5
¥JI. INTERNAL RATE OF RETUIN < 12.4 . 16,1 1.0 18.7
V111, INDIRECT BEKEFIT
1. Trapsportetion—coat
saving between Banphoh
and Vieatiane /6 uss 19,635 528,652 19,635 528,652
2, Stock saving Z7 “ 42 142 342 142
3. Income of landowners
due to the increase of
land price (Total preasent
worth of those from 1973
to 1990) - 13,140,000 13,140,000 0 4]
4. Apgriculturat development HExpedrted Expedited

3. Livestock indusiry welf-~sustaining cxpedited Sell-sustaining expadited

6. Mining. Much expedited Somevhat expedited

7. Lumber industry : Much exped)ted Somewhat expediied

4. Urbanization kapid urbanization of the
vicapity of the Vientiube
htation sxpected

Ko urbanization expected



CHAPTER 1

INTRODUCT ION

1.1. Necessities of the Project Implementuntion

The Kingdom of Lazos is & landlocked country that is entirely
separated from the sea. The neighboring countries of Laos arc Thailand,

Cambodis, South Viet-Nam, North Viei-Nam, Chinn and Durme.

This geopraphical condition compels the imporis and exports of
Laos to pass through the territory of any of the neighboring friendly

countries in trading with foreipgn countries,

Before World War II, Laos formed the Indochina, o political entity
under French rule, along with Viet-Nem and Cambodin. It was natural
that all the communicetion systems in Laos were linked with Viet-Nam
and Cambodia. Several long highways were built to connect principal
cities in Laos to Hanoi, Hai Phong, Hue and Da Neng. An important
artery connected Vientiane to Thalkhek, Savennakhet and Fokse along
the Mekong in Laos and then crossed the border into Cambodia towards

Phnom Peph and Seigon.

In those days, most of the commercisl exchange of the Laotian
district was made either through Hnnoiil and Hei Phong or through

Saigon and Phnom Penh and nlmost none through Bangkok in Theilend,

/1 The length of each of the transportation routes is estimated

to be:
(1) Henoi to Vientiane : 800 Km long by road
(2) Saigon or Phnom Penh

to Vientiane : 1,200 Km long by read
(3) Bangkok to Vientiome : 600 Km long by road

or by rail



With the changes in the political situation which tock place
after World War IJ in this pasrt of the world, Laos at present is
depending largely on the route through Bangkok:for her foreign
trade. It is natural thail Leos has chosen this route because it
is the shortest among the three routes, In fect, the routes through
Hanoi and Saigon have éompletély been closed since the outbresk of

hostilities in Viet-Nam.’

The navigation on the Mekeng can also be considered as a means
of transportation, 7Jt, however, is a big problem to be solved in
the future by the riparian éountries. There are many rapids on the
wa ! from the river mouth to Vientiane such as the Samber rapids,
Khone falls and Khemarat rapids and so oﬁ. It would take much time
and much money though it is one of the objectives of the Mekong
Pfoject 1o meke possible the navigation all the way in the lower

Mekong.

Under the circumstances as mentioned nbove, it is evident that
the route through Bangkok of Thailand which presently is being fully
utilized, is most advantageous and reliable. The goods desiined for
Lacs are transported from the port of Banpgkok to Nong Khai by trucks
on the Asian Highway A-12 or by using the northeastern railway trunk
line of the Hoyal State Hailway. Bolh can ensure smooth and speedy
transportation, but at Nong Khei they have to be transshipped Lo the
ferry for croésing the Mekong. After crossing the Mekong they are
carried to Vientiane by the Asian Highway A-12 about 20 kilometers
avay from Tha Maleng in the territory of Lnos on the opposite side of

Nong Khai.

It is obvious that the crossing of the Mekong by the ferry con-

stitutes s bottleneck for the traffic from and ito Laos.

11_ The route running from Vientiane to the river mouth in Viet-Nam
is about 1,600 kilometers long, following the course of the main
current of the Mekong,



The existing ferry facilities are no more able to service the
increasing volume of traffice. Long rows of trucks awaiting the ferry
on the Nong Khai side are witnessed these days. The improvement of
this passage is indispensable for the promotion of the foreign trade
which consequently will contribute to the socio-ecconomic development
of Laos, and will become a great incentive to the regional development

in the northeastern district of Thailapd.
It is a long cherished desire of the Laotian people as well as

the Thai people to connect Laos with Thailand across the Mekong by

constructing a modern structure like a bridge.

1.2, History of the Project

In 1956, the project of bridging across the Mekong in the Nong
Khai-Vientiene region was launched out. A preliminsry survey for
the selection of bridge site was undertaken primerily by the United
States Operations Missions (USOM) in Thailand. The Royal State

Rnilway of Thailand also made a preliminary investigontion.

This project especially has been highlighted since the Mekong
Committee took it up in 1965 as one of the first priority projects

in the Ten-Year Development Program of the Lower Mekong Basin.

The Government of Japan offered to underteke the feasibility
study of this project at the thirty-second session of the Mekong
Committee held in April 1967. This offer immediately was consent—
ed to by the Laotian and Thai representatives. The Plan of Operation
was provided and signed between the Mekong Committee and the Govern-
ment of Japan, The Ministry of Foreign Affairs of the Government of
Japan entrusted the execution of the said study tc the Overseas
Technical Cooperation Agency. The Agency requested Nippon Koei Co.,

Ltd. for cooperation.

According to the Plan of Operation, the feasibility study is
divided into four phases, The first phase investigation was per-

formed et site during the period from August to October 1967 and



the Pirst Phase neport was submitted to the Mekong Committee at the
end of December 1967 so.ms to be in time for the thirty-fourlh session

held at Bangkok in mid-January 1968.

The Mekong Committee decided to select the Kong Khai bridge site
from among the three proposed sites of Nong Khai, Vientiesne and Pa
Mong based on the conclusion and recommendation stated in the first
phase report and the ndvice of the Advisory Bonrd after reviewing
the report at the Board meeling held successively after the thirty-

fourth session.

The second phase investngtion was conducted as soon as the site
had been decidedﬂ The Japanese bridge ieasm consisting of fifteen (15}
specialists and experts was despatched in mid-February 1968 wiih the
aim of completing the site investigntion in mid-June 1968. The second
Phase lieport, which is a compilation of the findings of the site in-
vestigotion and the results of the feasibility study, will be submit-
ted by the end of December 1968. In addition, a draft feasibility
repert also will be prepered concurrenily with the Second rhase ie-
port in response to the Mekong Commiltee's strong desire of having

both reports submitted by the end of 1968.

1.3, Purpose and Secope of the Feasibility Investigation

The main purposes of the feasibility investigntion on the Nong
Khai/Vientiane Bridge Project, as provided in the Plan of Operation,

are as follows,
(1} To prepare the report that offers data for selection by the
Mekong Commiitee of the bridge site,

(2) To study the engineering and economic merits snd demerits of
two kindslL of bridge,

/1 In this report, "the kind of bridge" meesns the classification
from ihe way of utilization of bridge, i.e., a highway bridge,
rail/highway bridge etc., and "the itype of bridge" implies
the classification from the viewpoint of the structural char-
acteristic of bridge such as a girder bridge, composite girder
bridge, truss bridge, continuocus bridge, and so forth.



(3) To study the engineering and economic feasibility of the ex-
tension of the Asian Highway Houte A~12 and the existing rail-
way from Nong Rhai to Vientiane by constructing a bridge across

the Mekong, and

{4) To prepere the feasibility report in .o form acceptable to Ti-

nancial institutions.

Of the above four purpeses, the first purpose has been fulfilled
in the First Phase lteport. Although the second purpose also has been
studied in the first phase report, further study will be made during
the period of preparing the Second Phase iteport. The secoud phase
investigation includes the third purpose. The fourth purpose, which
is the preparation of the feasibility report, will be carried out in

the third and fourth phase operations,

The following is the extract of Provision 7I] "SCOPL OF WORK TO
BE CARRIED OUT BY THE GOVERMMENT OF JAPAN" of the Plan of Cperntior,

I7I. SCOFE CF WORK TO BE CARRIED QUT
BY THE GOVERNMENT OF JAPAN

The scope of investigation work to be carried out
under this Plan of Uperstion will cover the following
phases:;

First Phnse - Reconnaissance of the srea from the
proposed Pa Mong damsite down te Nong Khai/Tha Oeua,
This will involve:

(1} Study of the exisiing topographic maps and
detailed mapping to larger scale of speci-
fic areas for the possible location of the
bridge and its approaches,

{(2) Study of hydroloegic datn for the proposed
sites including the maximum discharge and
the fluctuations of water levels,

(3} Reconnsissance soil survey, including a
review of the existing surveys, of the pos-
sible alternetive sites.

L%



(4)

(5}

Collection of econcmie and othev datn
related to the project planning,

Preparation of the First Phase Repert
{30 copies in English) giving various
possible alternalive sites, and justi-
fication for a road and a rosd/rail
bridge, for selection by the Mekong
Committee, with the help of the Advisory
Board.,

The approximete time required for carrying out
this phase would be six months,

Phase IT ~ Preparation of cost estimetes and
benefit eppreisals of the bridge construction and
"the site selected by the Committee. This woeuld

involve:

(1}

(3)

{4)

(5)

(6)

(7)
(8)

(9}

(10}

Larger scale topographic maps and sup-
plementary spot levelling, including
approoches,

Detailed geological survey ati the pro-
posed site,

Cellection of detailed hydrologic and
hydrographic data at the proposed site.

Collection of detailed economic and other
deta related to the project planning.

Investigation and testing of suitable
construction materinls available gt
and near the site.

Preliminary design of the bridge includ-
ing foundations, superstructure, and
appronches,

Land to be acquired.

Analyses of unit costs of items appli-
cable to the project in the area.

Assessmenil of ecconomic and social
benefits (direect and indirect, tangi-
ble ond intangible) from the project.

Assessment of design flood,



(11) Preparation of the Second Phase Heport
(30 copies in English) for submission
to the Mekong Committee fer review,
with the assistance of the Advisory
Board,

This phase will iake approximately 12 months.

Phase II1 - Preparation of a drafi feasibility
report (30 copies in English) incorporating the
suggestions of the Mekong Committee, This report
will summarize the results of surveys and studies
ip the first and second phases. It will be prepared
in a form accepteble to financinal institutions, as
for an application for an-investmeni loan. This
rhase is likely to tale about four months,

Fhase IV ~ Printing of the finu) report after
taking :nto considerstion the decisions of the
tieliong Conmittee based on the First, Second end
third Phase lteports. 100 copies of the printed
report in English and 100 copies in Freneh {but not
the work of translaiion of the report into Froneh)
will be required,

This phase will t{ake about two months.

The total period fer carrying out the four
phases would require approximately tvo years, not
including the time during whieh the reports on
Phases I, II and IIT are under consideration by
the Mekong Committee,

The Second thase neport has been prepered based on the oper-

ations stipulated in Phese II out of the four pheses quoted above.

1.4, Urganization

A survey team of 15 members was organized to carry out the
second phase investigation and despatehed in mid-February 1968 im-
mediately after the Nong Khai site was selected as the bridge site.
The period of site investigstion was four months. Ancther group of
three members forming an advisory party was not despaiched in the

second phase investigation. The advice and suggestions of the



prarty, however, were given to the survey leam at all times during

the period in which the report had been prepared in Japan,

The advisory party and the survey leam included the following

mentbers,

A,

B.

Advisory Party

Name

Dr. FUKUDA, Takeo

Dr, SATO, Hiremasa

Dr. MURAKAMI, Eiichi

Survey Team

Mr, YOSHIDA, liyozo

Masanobu

Mr. SAKAITA,

Mr. NOGUCHI, Yutaka

Specislity

Bridge Construction

Highwey ingineering

Bridge and Hipghway

Head, Survey Team

éeo]ogy

Highway Planning

Frofessionsl position

Doctor of Fngineering:
‘rofesscr Fmeritus of
the Univ. of Tokyo;
President, Kozu-Feikeku
Consultant Co,, Lid.

Doclor of Envineering;
Vice-President,

Mitsui hyodo Kensetsu
Consultent Co,, Ltd,
(Former Vice-I'resident,
Japan Highway Publice
Corp.)

Doctor of DCngineering;
Counselor, Japan
Public Highway Corp.

Authorized Engineer;
bDeputy-Chief FEngineer,
Chief of Project Dept.,
Nippon Koei Co., Ltd.

Authorized Engineer;
Director, Chief of
Geolopical BDept.,
Nippon Koei {e., Lid,

Authorized Engineer;
Technical Adviser,
Mippon Koei Co., Ltd.



10.

11.

12.

13,

14,

15.

Mr,

Mr,

Mr.

Mr.

Mr.

Mr.

My,

Mr.

Mr,

Mr.

Mr.

Mr,

Name

NAKAJIMA, Tooichi

TOKUNAGA, Yuzo

JTG, Tohru

SAGAKI, Tsuneichi

KOBAYASHY, Yaichi
OGAWA, Tetsuo

KIMURA, Hiroshi

OilYAMA, Hiroyoshi

TANIGUCHT, Isoo
IKEDA, Hiroshi
SHIRAYAMA, Kikua

ONOUE, Takashi

Speciality

Rnilway Planning

Highway Engineering
and Survey

Bridge Fngineering
and liydrology
Economics
Economics

Economices

Lieison and
Accounling

Liaison and
Accounting

Survey
Survey

Test drilling

Test drilling

Professional position

Authorized Engineer;
Deputy-Chief,
Oversens Dept.

Japan Transportation
Consultants, Inc./1

Authorized Engineer;
Trojects Dept.,
Nippon Koei Ceo., Lid,

Projects Ilept.,
Nippon Koei Co., Lid,

Representative DNirector,
Institute of Behavioral
Science

Insiitute of Behavioral
Sciences

Institute of Behavioral
Sciences

Develonment burvey Dept.,
Overseps Technical
Coorporation Agency

Developmeni Survey Deyt.,
Overseas Technical
Cooperation Agency

Civil Engg. Dept.,
Nippon Koei Co., Lid,

Projects Depi.,
Nippon Keei Co., Ltd.

Geologicel Dept.,
Nippon Keei Co., Ltd.

Geological Dept.,
Nippon Koei Co., Ltd.

3

Cooperative body of Nippon Koei Co., Lid,
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1.5. Itinerary
The first group of the éurvey team left Tokyo on 13 February 1968

to moke the field investigation of the secpﬁd phnSe. The second group
departied from Tokyo on 16 February and stayed ot Bangkok for a few days
to exchange views and discuss on the rroject with the suthorities con-
cerned of the government agencies and Llhe Mekong Committee and to gather

necessary data for their vork, and then proceeded to Vientinne,

The hend of the survey team visited ihe project site aboul two
months after the investigation was commenced in order to give appro-
priate guidance and suggestions to the team based on the outcome of
the topographic surveys and test drillings end the findings of the

study of the necessary enginecering data gathered.

The deiailed itinerary of the members is shown in Pig, 1.1,
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- “STTE INVESTIGATION

2.1. ‘Topoizraphic Survey:
. Iﬁkwﬁé oﬁiy:q ﬁnpﬁl pf‘luto 20,000 scnle that was available
befbre-éhé %easibilit&‘invest;gation was started in August 1967. It
was thereflore ippo§siblé Lonm@keua goyplete feasibility study.

- Such-beihg\@he circgmétanées, the following topographic survey

was thoughl nécessary and was execuled in two phases,

:Thé‘first phase invebtigation had a purpose of selecling the most
advantageous bgihgé‘sité.frum smong the three expected bridge sites,
namely Nong Khai, Vientipne and Pe Mong, comparing their respective
engineering aﬁd economic advantnges. Consequently, the survey oper-
ations mede during the first phase investigrtion were (1) the spot
leveliny from Vieuliane Lo each of the ithree cites, (2) the ccho-
sounding in the Mekeng river channel bnsed upon the bench-mark es-—
tablished ai each site, and (3) the simple triangulation to measure

the width of the Mekong at each site,

As the_f;nal decision was made by ithe Mekong Committee to select
the Neng Khai bridge site from among the three sites, the second phase
investigniidn'was mede to decide which kind of bridge should be sclect-
ed, o rail/highway bridge or a highwey bridge, in regard to the select~
ed sile. The survey operations which were mede for this purpose, were
(1) the plane table survey covering the projeci arca of the Nong Khai
bridge sitc,\including the echo-sounding of the river-bed part, (2)
the route survey ‘of the access highway end the access railway, (3) the .
shet leveling scross the Hekdﬁg to unify the elevaticn of the topo-
graphy of the project a?ea extending over both countries, and (4)

\

/1 This map was enlarged from the aerial photograph on & scale of
1 to 40,000 which was taken aboul len years apo.



jhé'triﬂpéulptioqltq measére ihe exaci width of 1he Mekong at the
-Qriqge«siﬁe. L. '

The location or the route of the &urvey operations mentioned

~

above is as shown in Flgtﬁt.l‘uqd ihe specifications and the work

quaniity are outlined in Table 2.1.

Ioa v -

Table 2.1. Survey operetions
Survev - ‘i . Unit dork Specification
urvey ‘opera 1oP ~ . . Uni quantily pecificati

1. Pivst phese -dinvestigintion

+ . Lo Spot Teveling., T km 43 Double-run leveling

' Niff, in elev.: 1.5 cm
- ’ and less in & distance
e N of 1 km

I

2. 'Bcho-sounding kw 1.2 Accuracy of 1lhe machine:
. .. 1/100
: Sounding depth: 25 m
and more

3. Trisngulation - - . Place 3

17. Second vhnse invesiigation

s

1. Plare iable survey o k™ 8 Scele: 1/2,000, 1 m
. centour
2., Houte survey e ., -7 khm 8 Transverse survey: 50 m
long each on both sides
of the roule sl intervels
- of 100 meters along the
route

3, Spet leveling km 1 bouble-run leveliny

4. Triangulation” ~ ~ “Place 1

The survey operations were achieved with satisfactory accuracy and
the resulis ‘have been comp11ed ‘in the Appendxces thnt constitute inte- .

gral parts of the fea31b111ty reporb
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It has become clear after completing the second phase investi-

gation that two more survey operations are necessary, and these must

be carried out in the near future by all means.

One is a route survey of the railway to be extended from Nong Khai

to Vientiane, about 20 kilometers long. That which was executed in the

second phase investigation covered only the routes of the access highway

and the access railway adjancent to the bridge, about 3 kilometers long

in total. Accordingly, the present study on the extension railway from

Nong Khai to Vientiane is confined to the extent of a paper plan made

using the 1/20,000 scale map, and the field reconnaissance that was per-

formed twice up to the present. It results from the fact that the route

survey covering a distance of twenly kilometers was not included in the

Plan of Operation at the beginning, upon consideration that the feasi-

bility investigation should be carried forward step by step to cut down

the cost to the minimum. At present, however, it has become clear that

a rail/highway bridge is as promising as a highway bridge, and therefore

the executionﬁl of the said route survey is indispensable io complete

the feasibility study of this project.

The other is to place on the same basis the elevation of all bench-

marks for construction use in the project area extending over the two

countries. The topographic survey made by the Japanese bridge team

throughout the firsi and second phase investigations was based on the

e
original bench-mark V636£2 at the elevation of 170.105 meters above

the mean sea level, with an elevation of zero meter, that was deter-

mined from o tide gage at Ko Lak in Thailand. In making the survey

Ny

The mekeng Committee has strongly requested the Japanese Govern—
ment to finance for this survey at the earliest moment. The
bridge team is desirable of making the survey in the forthcoming
dry season,

This bench-mark is represented by a spike driven into the wall of
the building of the Ministry of Foreign Af{airs in Vientiane with
the approval of the Mokong Committee.



kopefatioﬁs‘oﬁ the Thai side in the second:phase investigation, a level
‘iine ﬁad‘yo belééfrigd:acrdé; the Mekong from the Laotisn side, and

léonnééted with %he henchimark which hnd been established near the bank
in‘ihe Pirst phage‘iﬁvéstigution. On this oceasion, this level line .
ﬁlgoléns carried to h‘bencﬁfmark in the site of Hydrographic Office at
Nong Khni; ﬁécqrding %ogthe bridge team's reading, the elevation of
this benqh—ﬁnrg yng.ﬁt2165:§al m allowing the totsl error of 22 mm-il,
whileytha@ulgarged:ﬂy the Thai suthorities concerned was LEL.166.044 m
above the snme'menn sea_level al Ko Lak. Therefore, the difference in
the readings of both partiés is 0.183 meter.

At presenﬁ @here are many bench-marks in the projeci area, es-
peacially on ihc Thaji side. ‘According 1o the report titled "leport on
Ground Control‘Sur;eys November .1959 -~ June 1é60” Zg, these bench-marks
are understood to be based on the same meun sea level at Ko Lal,
Whether they are based upon the.same dalum or not, it is a serious
problem that any of the bench-marks lying in the project area has two
different elevations. Tt is strongly recommended to unify ihe elevation
of all bench-marks related to the project execution, beginning with the
originnl bench-mark V~636 in Vientiane. This operation should be per-

formed by the iime of the commencement of ihe construction work.

il In the level work crossing the dekong, 11t was compelled to make
a long sight of about 400 meters., The effects of uncertainly due
to the long sight were overcome to some exient by a doubleo-run
leveling. The cerror in ihis leveling wus estimeled 10 Le I8 ;aie
Timeters. 1n the stage of construction, more precise level work
may be necessitnied to reduce this kind of ervor.

At the time, it is customnry to use what is cnlled reciprocnl
leveling. This method 1s wery useful to determine ihe difference
of elevation between lwo points so situsted that it is nol practi-
cal to make ilhe foresight ond backsight distances nearly equal,

Furthermore, ilhe error in the spol leveling thail was made in
the first phese investigation sboui 20 kilometers long between the
original bench-mark V-636 and a bench-mark set near the bank of
the Laotian side at {he bridge site, was estimated to be 4 milli-
melers. SRR -

The total error of 22 mi]liméters throughout the whole route
of the leveling is a sum of 18 millimeters and 4 millinmeters
ashovementioned,. =~ -

[g Prepared by Hunting Survey Corporation Limited in December 1960,
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ﬂnﬁther_problem is enceunlered resulting from the difference of

0.183 m in-the fbndings‘of‘eleyntion.

The design high-water le_vclZl above which the bridge keeps a ver-

’tical c]eafnnce*of 10 meters- for navigation, is obtisined from the water

level: reco“ds measured by Hydroﬂraph1c Office and R,1.D, lL-nL Nong Khai,
Should tha stafi gage’ 1n use ‘in Hydrographic OFfice he built based on
Lhewe]evutzon of the prece@:ng Lench-mark, the differvence of 0,183 meler
might nffect-bhe navigniion réduirement mentioned ahove, But, the ele-
vation learned by the Thai aulliorities is higher than thot obtained by
the team. It is 1heref01e Judged that the five-year probable high-water
level from whlch the design-high-water level is decided, may nctually
bappen at a level 0.183 meter lower than that estimated., It{ means that

the actual vertical clearance may be iaken more than 10 meters,

Consequently, ihis problem is not so serious because it provides

0 safety factor as far as the navigation requirement is cnneerned.

/1 The eslimetion of this level is made in Appendix IV, Paragraph
4.3,

-

/2 Abbreviation of the Royal Irrigation Depariment in Theiland.
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2.2. Soil Survey

In making the feasibility study of this bridge project, it is
indispensable to locate the bedrock under the Mekong that the bridge
piers will be founded, and to know the geological condition of the

original ground on which. the highway or the railway will be built.

For the former purpose the survey was made by means of test
drilling into the river-bed of the Mekong and the nearby land to both
broks. For the latter purpose, a reconnaissance was made along the
routes of highway and railway, and a test-pit digging was made at
several places. Furthermore, a drilling was executed on the norih-
exn end of Marsh That Luong where the railwey route € would take

vhen the railway is extended to Vientinne.

As mentioned before, the final decision was made by the Mekong
Commitiee to select ihe Nong Khoi site for bridge construction in
January 1968, according to the recommendation of the First Fhase
Report and the advice of the Advisory Board. The soil survey was

therefore confined to the finally selected bridge site, Nong Khai,

. As secon as the Japanese Government was informed of the final
decision, the soil-survey experts were mobilized so as notl to miss
the prevailing dry season, because the dry season is the best season
for conducling the tesi drilling of the river-bed. The drilling
operation was thus sterted in mid—Februnr& 1968 und continued for
four months up to June 1968. The operation was elmost finished
before the rainy season set in, in which the Mekoung flows with high-—

water level and high flow velocity.

The operation was proceeded with the drilling of No.l bore hole
located a2t the left bank of the Mekong on the center line of bridge
proposed in the First Phase Heport, This drilling was aimed ai ob-
taining the outline of the geological condition of this srea before

the drilling operation of the river-bed was undertaken,

18



The final location of the center line of the bridge was not de-
cided until the beginning of the second phase investigation, although
the Nong Khai site had been concluded in cemparison with ihe other
two bridge sites. The bridge teawm therefore made n field reconnais-
sance at the beginning to locate the bridge center line. As a result,

it was made clear that there was no eppropriate place except the nrenll

lying between Hydrographic Office and a small tributery on the Thai side

about 400 meters upsiream from the office, and consequently the bridge

center line proposed in the First Phase keport proved to be the besti.

Tt is. importsnt to have certein knowledpe of the comprehensive
geological condition of the Mekong river—bed‘covering the bridge site
and its environs. The drilling was therefore made not only on the
bridge center line proposed in the First Phase Report, bul also on
the other three lines in parallel with the center line. As shown in
Fig. 2.2, eight bore holes were drilled on the said bridge center line,
three holes on & line about 130 meters upstream from the center line,
five holes on a line about 100 meters upsiream therefrom and three
holes anbput 200 meters downstream from the center line, The bore

holes Lolaled 19 with a total drilling length of 290 meters.

As for the drilling of the nearby land to both banks of the
Mekong, a Lotal of six bore holes were drilled, three each on both
Lootian and Thai sides along the said Lridge center line. Hesides,
two holes were drilled where the access highway on ihe Thai side
would overpess the existing railway. This overpnsslg is taken into
nccount only in the case of a highway bridge. One more drilling was
mnde on the norihern end of Marsh That Lueng for the railwey to be
extended to Vientisne, A toial of nine bore holes were drilled on

the land and the drilling length was 244 meters in total.

/1 The reasons why there is no appropriaie plnce except the aren
mentioned above are described in Chapter II1.

o>

In the case of a rail/highwny bLridge, the access highway is
planned to cross the rnilway with at-grade intersection for
the reansons mentioned in Chapter JII.
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_The tétal drilling lergth of the river—bed snd land thus reach-
ed 534 meters and the total bore holes numbered 28. The results of
drilling are “described hole by ﬁole in geologicel columns in Appendices,
" A geological ﬁ;bf;]éiié giver in Pig. 2.3. This prefile shows
"{He geological condition under the Mckong rivertbed and i{s nearby
"Yand a]dng-tﬁe bridge center line proposed in the First Phase Report.
The topographic survey revenled that this bridge center line was some-
what skew from the‘;iéhtéﬁﬁglﬁd']ine to the river course, Jn the Second
"Phase Report,_{hcréfbféf“ihé bridge center line was corrected at right
angle to the river coﬁyéé; as mentioned lnter, No remarkable change,
however, c¢an bie fould betwéen the geological conditions ‘along both
bridge céhtér‘iineé as judged from Fig. 2.4,

The following is the outline of the geologicrl condition at the

bridge site, ™

In the égé;ﬂ§,]nndufémbpth,hnnks of the Mekong, surflace seoil,
lonm, sand, gravel and wenthered siltstone overlie fresk siltstone in
this order from the ground downwords. The fresh siltstone surface is
assumed to lie-al a depth of about 15 to 20 meters with the elevation
of 149 to 153 meters above mean sea level or the Laotian side, and at

about 20 meters deep with EL. 144 meters on the Thai side,

In the rjﬁerubed part, the weathered siltstone overlying the fresh
rock is covered with en alluvial overburden about 3 to 5 meters thick
on the Laotian side and 7 to 13 meters thick on ithe Thai =ide. Moslly
the overburden is n gravel layer on the Lnotian side and is a fine

sand layer on the Thai side.

The {resh rock consisis of Jurassic reddish siltstone with thin
shale lsyers intercaleted, which extends over n vesl trect of both
Laos and Thailand, The bridge piers are planned to be founded on the
firm bLedrock at e depth of Lwo metlers from its top surface to with-

stand the probable scouring of the river~bed. According to the test
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of which-the resulis are given in Appendices, the compressive strength
. . 2
of this firm rock.is.eslimated n1.170 kg/em™.
In the course :0f the drilling of ihe nlluvial overburden leyers,
a standord penetration test was made at every one meter deep to esti-
mate the benring capncity of the slluvial overburden and the resjistance

of pile driving.

Two pieces of undisturbed samples nlso were taken from each bore
hole. No samples, however; could be ilaken from the layers of silt,
sand and gravel lying under the Mekong due to their high fluidity.

In the nearby -land-on both banks, undisturbed samples were almost taken
from alluvial deposit as stipulated, and seni to Japan for scil testi.

The fellowing-table shows the list of the undisturbed samples taken.

Table 2.2. Undisiurbed samples
Bore hole Sample Sampling depth
No. No. {in}
21 1 5.7 — 6.3
2 7.4 — 7.8
3 10.3 — 11.25
22 4 0.7 — 1.35
5 3,0 — 3.4
24 6 6.2 — 6.93
T 9.6 ~— 10,35
25 8 6.5 — T7.25
2 7.3 — 8,2
20 10 B.0 — 8.75
11 9.0 — 9.95
27 12 1.0 — 1.7




These twelve undisturbed samples were put to such five kinds of
soil tests as properties test, grain size lest, consistency test,
shearing strength test nnd consolidation test. The results of these

soil tesis are compiled in Appendices and summerized in Table 2.4.

According Lo the technical classification of the samples made
from the resulits of grain size and consistency tlests, all the samples
belong to the category of loam or clay, The samples taken from the
bore holes No.21l, No.22, No.24 end No.27 revesl that the layer from
wvhich the samples were tsken is not quite n good foundntion to sup-
port any special structﬁre like a bridge, The samples from the bore
holes No.2% and No.26 have an unfavorable nature that the cohpressive
strength reduces due to vibration. These facts are proved by the com-
parison of the compressive strength obtanined from the unconfined com-
pression test with that estimated from the N-value, which is the number

of blows in the standerd penetration test.

The following table is prepared to show this comparison.

Table 2,3, N-~value and compressive
sirength

Bnr;o?ole Snggfe N-value qu' qu
21 1 12 1 — 2 1.2
2 11 1 — 2 0.88
3 13 1 — 2 1,05
22 4 G 0.5 — 1 0,51
S 6 0.5 — 2 .47
24 6 11 1 — 2 0.86
7 12 1 — 2 3.92
25 8 17 2 — 4 0.43
9 17 2 — 4 0.29
26 10 11 1 -2 0.50
11 14 1l — 2 0.56
27 12 1 -2 ressthang 6

0.25

22"
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Rémarké: (1) qﬁ';&éhotés“{he compressive strength estimeted

Trom.the N—value in kg/cm2 {elmost equal to the

cohesion because of clay).

(2) qu expresses the compressive strength obiained
s from the unconfined compression testr

% As given-above, the value qu of the samples tmken from the bore
holes No.21, Ng:22, No.24 dind No.27 coincides well with the lower value
of qu! estimaﬁe&.' These nine snmple; showed that the sensitivity retios
Qere a]i low. ’ Therpforgf the layer where th samples were itnken is o
‘relatively stiable found;ﬁ&on. On the other hand, the values qu of

those of the bore holes No.25 and No.26 were considefnbly low as com-
;pared with the corresponding qu', and the sensitivity ratios of them
:wére high. " The compressive strengihs of the samples are, therefore,

assumed to be lessened due to vibration or remolding.

Furtherﬁofe, the consol%dation test revealed that the initial
“void ratio wés-considerably low ond the preconsolidation load was
.fuirly 1arge}-than that ceaused by the present overburden., Defor-
“mation of Toundetion due to consolidation many therefore be hard to

il

oCcgur.

From the above studies, the piles to be designed for the foun-
dation of a bridge should be drived into sand or gravel layer underly-
ing the surface loam or clay layer. The operaiion may be accompanied
with some difficuity due to the consolidation of the overlying loam

or clay layer.
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s

-
N

.~Bridge center line proposed
in the first phase report

Nol3 e
RIVE
ONG
74\ MEKVT®

- No.I2 e *

& @ No.& Nolo

o= - .

No20e Noo k b~ Bridge center line
No.l4 =

. newly proposed

Nam Ngurm Prol
transmission

MARSH THAT LUONG

LEGEND

o Test drilling hole

———rzz Proposed railway ond station

—=-—— Proposed access highway

BRIDGE  SITE




L - Fig. 2.3. GEOLOGICAL PROFILE
. g LLE G E N D |
== Lgam. claﬂy or \‘ h 3t Sand ) %Si Wecthered siltstone
—— 1 silt and clay ," =
i—__:i_é Silt A i%;u ,0:, Sand and gravel % Siltstone or shale
% Mud and sand g; F' * -
;1 |

LAOCTIAN SIDE

170 Ground surface-.

- MEKONG  RIVER

S Te . T e -
2 ° A . s /'” . o

Bt e e T T
i/

| | , |

200 300 400 500 600 700

Elevation (m)

Distance (m)

R e




Fig. 2.3. GEOLOGICAL PROFILE

=7 Weathered siltstone

/T’
L1
W

Y 77
N

Siltstone or shale

S THAI  SIDE o (5

MEKONG RIVER
v el
T T R N .

&
— _.._—.-——.._..
—"--‘_-————-—-—'

| | | | | | |

O

|

8]
O

|

Elevation (m)

l—
5

5

400 500 600 700 800 900 1L000O ,ICO

Distance (m)




Fig. 2.4 CONTOUR MAP OF ASSUMED FRESH
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Table 2,4, Summary of so;l toa;t
Locetion: Nong hhai
Items Umt Chn{s‘fﬁﬂ:’:}l&%}:" —_—
Sample No, 1 2 3 4 3 6 . ::":ﬁf:;-‘!;‘:‘ 8 9 10 T_____—__
12
Hore Hole No. 21 21 21 22 22 24 T as 25 26 26 -
Sampling Depth m 3-70-6.30 7.40-7.80 10.30-11.25 0.70-1.35 3.00-3.40 6.20-6,93 "9.:@119f;§§ 6.50-7.25 7.30-8.20 8,00-8,75 9.00-7.75  1.00-1.70
T : y <t hd y z Y
S — S T
1. Properties
(1} Xatural vater content, w . % 20.11 21,23 24,04 26,25 36.70 22,04 25.41 25.75 25,72 25.40 16.45
(2) Specific gravity of amil, G 2.68 2.65 2.70 2,68 2.70 2,75 3 2.73 2.69 2.70 2.65 2.76 -
(3) det denmaty, r, ofem> 1.875 1,940 1.893 2,044 1.789 2.009 15751?:;5._. 1.899 1,891 1,948 1,992 2,067
(4) Dry densaty, r, glem 1.561 1.600 1,526 1.61% 1.308 1.646 1.?;95‘,:*‘5'-“ 1.514 1,503 1,549 1.588 1,775
{5) Yoid ratio, e 0.717 0.656 0.769 0.655 1.064 0.671 o.gmjf-- 0803 0.790 0.743 0,669 0.555
(6) Degree of saturation, S % 75.17 85.76 84.41 100 93.13 90,33 8330255~ 86,39 87.68 93.46 100 81,81
III. Grain Size
(1) Constatutien
i) Gravel part * - - - 1.0 - - - - - -
i1) Sand part % 3.5 3.0 5.0 16,5 13.5 2,0 51,0 3.0 31.0 25.5
1ii) Silt part & 75.0 74.0 78.5 34,5 43.0 62.0 38.0 54.0 54,0 51,0
1v) Clay part % 21.5 23.0 16.5 48,0 41,5 36,0 11.0 13,0 15.0 23.5
(2) Max. dismeter mm 0,105 0.105 Q.105 4,8 2.0 0.103 0.84 0,42 0,42 2.
{3) 60 % daometer, D, ®m 0.035 0.033 0.0403 0.016 0.013 0.017 0.13 0,07 0.063 0.06
(4} 10 = dismeter, D mm - - 0.0018 - 0.0017 - 0.004 0.0028 0.002 -
(5) Uniformity coefficient - - 22,4 - 7.65 - 32,5 25.0 31,5 -
6) frafn size classification e o A R T oo™
{7) tmtind classification Cl.. CL CL CL or CH CL or CH clL. CL or Cl! ML or CI sC ML or OL cL [
IV, {onsistency . -
1) Taguad lamt, L.l 33.25 39,80 35.20 19,80 52.00 37.10 53.107 28,2 24,10 26,40 26,85 36,50
{21 Plastie Limit, P.L. 4 20,45 AL.T0 22,05 17.37 20,47 ° 20,64 24.3}£ 22.15 18.60 23,49 18,43 11,68
(3) Plasticity index, F.I1, 12.80 18,10 13,15 32,43 31.33 16.46 24,77 6.05 5,16 3.91 B.42 24,82
{4) Flow index, F,T1, 6,30 8.48 8.25 10.1G 10.10 10.00 12,80 5.10 3.95 3.10 .05 15.70
V. shearing Stremgth ~
(1) tneenfined compression .
1} Compression strength Kp/en® 1,195 0,882 1,05] 0.505 0.471 0.801 3.924 - 0.425} 0.290 0.498 0.556, 0.662
11) Sensitavity ratie 2.36 1.56 4,08 1.18 1.64 1.38 5.16 . 1‘«‘.(;.i 4,08 ?«.G./—l N.G.'—l 1.0&
(2} Direct compression )
i) Cohesion, ¢ kpfens - - - - - 0.60 - 0,30 - 0,70 0.28 0.60
ii) Internal friction angle, d - - - - - 40%2’ - 37%6" - 15%9" 22%7" 30%38"
{3} Triaxisl compression .
i) Cohexion, ¢ kg/cn’.2 0,50 0,40 0,45 0.925 0.20 0,82 1.15 Q.21 0.10 0.35 0,24 0.50
£1) Internal friction angle, § 12%5"' 15%18" 6" 5%3" 832" 12’ 13%30' 15%39" 16%2" 617" 832" 157"
¥1. Consolidation
{1} Inital vord raiio, o, 0.610 0.672 0.670 0,642 1,360 0.689 0.876 0.769 0.657 0.616 0.640 0.682
(2} Preconsolidation lo.d, Py ke/em 3.50 4,50 3.0 1,22 1,17 3,00 4,90 3.00 2.63 3,90 2.8 on;::
{3) Comrpression index, (:c s 0.198 , 0.1846 . 0.147 , 0.161 , 0. 36l s 235 ) ().Jl‘:u'!j1 0.351-1 0.20!_2 (:.117_2 0.14;6‘—2 l ; m--'-'
{4) Coet. of conselidntiion, c, em /see  2.Bx107C 1.66x107°  2.ixl0” 8.2x1077  B,1x1077 1.22x107 Z.Oxl(‘i'—" 2.22x107° A 1xI0TT 1.28x107T 1.15x16 -Tx
=5 -
) ﬁff:{y?fﬂ:“’“m TN 2 Lo 7.0x00  5.1x10"°  1.95010° 4.7x10°0 1.21xl(}:q $.6x10™ 1.36x107 .:axlc_ﬁj b.)xln:: 1.21_1:1?7 5.-::::::-:
{6) Cuel. of pormezbality, h enlsec 3.exio™T 1. 18x10~7 Laax1e™ Lexio™T saxi0™7 1.5x107' 1.75x107" 3.04x16™" toxl0T Elxl0 1,2x10 9.2x

Rerarks: £

The remouldiny vas impossilie for testing



2.3, Mnterisl Survey

2.3,1. General

There are many kinds of construction materials in both Laos and
Theiland; for instance, cement, timber, brick, laterite, stone, bal-

last, concrete aggregates, embankment meterials and so on.

The common materials such ns timber, brieck, lanterite, etc, ure
procurable anywhere in and around ihe project area. Cement and bal-
last, bhowever, are not nvailable in abundance in Nong Khai, Vientiane
and their vicinities. Cement will probably be supplied from factories
in Bangkok for this project, and ballast is aveilable at many qunrriesﬁl
near Sara Buri about 100 kilometers north of Pangkek, According to the
information furnished by the toyal Stute Hailway of Thailand, ballast
is available in many places in the regions of Boriram and Souren aboui
100 kilometers easi of Nakhon Katchasima, Khoa Tham Bhon located midway
between Sara Buri and Bousm Yay, and Loci about 130 kilometers west of

Udon Thani.,

These quarries were not surveyed in the second phese investigation,
sl
It is therelore necessory to selecl recommendable quarriesﬁi at the

next stage,

Furthermore, ithe sandstone oulerops are seen on the Loth banks of
the Mekong near Pr Mong. This sandstione is of the late mesozoic era
and, becouse of its medium hardness, is not suitable for use as brllast

which generally requires high hardness against abrasion.

Concrete aggregntes and embonkment mnterisls can be collected 1n
the vicinity of the bridge site. &ince there are much to be surveyed

for the project planning in these two kinds of materials, the materinl

/1 The leader and lwo members of {he bridge team made an inspection
of the Asjan Nighway running from Banghok to Nong Khai. They had
a chance to visit these quarries for a short while on their way.

>

In this repert, ballast is supposed to be supplied from Sara Buri
by reil for estimating the construction cost of this project.

2B
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survey in the second phase investipation was concentrated mainly on

these two Kinds.

2.3.,2. Concrete aggregales

The reconnanissance was made in the Mekong within ¢ reasonable
distance from the bridge site. As a result, three promising sand and
gravel deposits were found ss indicated in Fig. 2.5. &Site-A is located
at 10.8 kilometers downstream from the bridge site on the Thai side,
Site-l at 6,2 kilometers dewnstream on the Leolian side, and Site-C

at 6.5 kilometers upstream on the Thai side,

The test samples were token a2t eleven placesél as shown in Fig.
2.5.in order to know whether the sand and gravel deposits of these
three sites can he used for concrete as coarse and fine aggregates.
Seven kindsl-:'l of concrete apgregnte tests including sieve analysis,
specific gravity, absorption, unit weight, decantetion, organic im-
purity end compressive strength of concrete, were conducted for this
purpose ai the concrete laboratory of the Ministry of Public Works
and Transportations in Vientiane in accordance with the provisions
of the Japanese Industrial Standards (JIS), The test results are

compiled in Appendices and summnrized in Table 2.5.

According to the test results, all the ssmples were found satis-
factory in respect of unit weight, specific gravity, sbsorption, de-
cantation or percentage of materials passing No,200 sieve, end organic
impurity. Decantation was.-less than three ]wzrcentr-é2 and the organic

impurity was of such a trace as would offer no problem,

/1 Tine sand semples were taken at two places near the bridge site
other than these places.

Zg Unfortunstely sn abrasion test could not be made because the
machine was out of order during testing,

>

This fipure is stipuleted in the Japenese Indusirial Siandards.
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The test samples also revealed ihat the fineness modulus of sand
was relntively low in spite of the small quantity of fine materials
which passed No.200 sieve. It was because more grsins between 0.6
millimeter and 0.15 millimeter in size were present and these over 0.6
millimeter were much less. Some samples contained the grains between
0.6 millimeter and 0,15 millimeter as much as BO percent., It is there-
fore preferablé to improve the grading of sand and to reise the fine-
ness modulus at least up to 2.6, But, the fineness moduli of sand of

Samples No.5 and XNo.ll are acceptable,

As regnrds the maximum size of the coarse aggregote, it was about
60 millimeters for the samples taken from Site-A, about 20 millimetlers
for the samples taken from Site~B and about 45 millimeters for the sam-
ples taken from Site-C, The coarse aggregnte of Site-B is too fine to
be used for ordinary concrele structures, while the cther lwo sites are

acceptable,

The samples of gravels from Site-A and Site~C sheowed that the re-
sulls of sieve analysis were within the limits stipulated in the Japnrnese
Industirial Standards and so are acceptinrble. Contrariwise, the gravel
from Site-~B was out of the limits, All the samples of sand except

Samples No,10 and No.l! also fell out of the limits,

Such being the resvlts, only Site-C especially the area where
Samples No.lO and No,ll were token is judged to be satisfactory. If
the sand and gravel deposits at Sile-A and Site~B would be used for
the production of concreie, the improvement of grading by means of a

screening plant or others would be necessary.

As a resunlt of the preliminary desipn of the concrete structures
in this bridge project, it was made clear that n totml of erbout 85,000
cubic melers of sand and gravel would be required for the works of con-
crete and pavement, out of which about 55,000 cubic meters are needed
to be supplied somewhere on the Thai side and about 30,000 cubic meters

on the Laotian side,
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Por the supply of 55,000 cubic meters on the Thai side, Site-C
is the most recommendsble source among the three siies inspectled,
The fine and coarse aggregates of 30,000 cubic meters on the Laotien
side had beiter be supplied from the snnd-barﬁl al Hat Khoueideng
about 13 kilometers downstresm from Tha Neleng rather than from

Site-B,

Furthermore, the construction of the reailway and the access high-~
way calls for a large quentity of fine sand for use as an embankment
materinl., The sccess railway situsted on the Thai side has a need of
nbout 12,000 cubic meters of fine sand less than 0.3 millimeter in
size. The sand~bar which emerges jusi upstream from the bridge site
in every dry season, con guarantee an inexheustible supply of this

kind of fine material.

On the other hand, the extension reilway to be constructed on
the Laotian side requires about 85,000 cubic meters of fine sand of
the same size as mentioned above. For this supply, the sand-bar

lving just in front of the ciily of Vientiane cen be made available,

The aggrepnte survey so far executed thus served to see the
outlook on the supply of fine and conrse aggregotes for concrele pro-
duction. Further detailed survey, however, will be indispenseble to
formulnte the supply plen of aggregates {or concrete inclusive of sand

and gravel for pavement.

/1 At present, the Minisiry of the Public Works and Transportations
of Laos collects sand and gravel in large with modern facilities.
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_ Fig. 2.5. RECOMMENDABLE SAND AND GRAVEL DEPOSITS - .
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2.3.3, Embankment material

TL is very economical for highway construction if the embankment
material of good quality is availeble within » sherl distonce from
ithe route eof highwny to be constructed. Wwith this in view, the test
samples were tolen at six places along the three proposed routes of

the sccess highwny on the Thai side as shown in Fig, 2.6,

Then the samples were sent to Japan and the following five kinds
of soil tests were made for ju&gement: grading test, consistency test,
compnction test, shearing strength test and CHR test. In the course
of testing, it was proved that all the soil samples had a nature of
swelling and therefore the swelling test was executed as an additional
test. The test results sre compiled in detail in Appendices and summa-

rized in Table 2.6.

According to the technical classificetion made from the results
of grading snd consistency tests, the scil =amples showed thati the
subsoil where they were tsken was unfavorable 1o the subgrade or em-
bankment in highway ceonstruction by ihe Tollowing reason. XNomely,
the subsoil has a nature of largely changing its volume according to
the dry and wet conditions., The compuction, triaxial compression and
CBR tests made in the state of optimum water content revealed the
following results: {1) the maximum density of each snil-snmple was
comparatively hiph, {2) the shearing sirength alsoc was high, and so
if the state is kept unchanged, there is no problem regarding the
stability of embankment less than two or three meters in height an
highway construction, and (3) contrary to ihe above two favorable
matters nll the samples showed extiremely low CBR except Sample Xo,5,

This results from the nature of swelling in the soil.

As mentioned above, n series of tests mode it clear that the
subsoil is favorsble as the embankment material for highwsy as far as
it is in the stete of optimum water content, but once it is saturated
with water iis strength remorkably lessens. Accordingly, the swelling

test was carried out in the following four ceses: (1} the spmples were
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molded in the stote of optimum water content and soturated with water
nfter curing for several days at the unloaded condition, (2) the samples
were molded in the stnte of optimum wnter contenl and saturated with
vater ot the loaded condition after the compressive deformatiion due to
losding wns almosi completed (generally after 24 hours), (3) the san-
ples were mixed with the send of 0.3 millimeter in moximum size by 30
percent of the scil sample in weipht in the stnte of optimum water
content or by 60 percent of it, and saturated with water pt the unload-
ed condition immedietely nfier molding, and (4} the samples were mixed
with cement by Five percent in weight in the stete of optimum water
content and saturanied with water nfter curing for several days at the

unloaded cendition.

As o result, the tollowing matters were found:~

The swelling ratio at ihe unlonded coniition was much

higher than that at the loaded cendition, The shearing sirength
almost dropped to nil. These 1lhings occurred regardless of the
length of curing period. In the state thail the compressive de-
formation wes almost completed, the swelling retio wre very low
and the shearing strength was nlmost unaffected. 1In the case of
sand mix, Lhe swelling reatio could not be lowered, Dhut the shear-
ing strength was considerably high, 1In the cnse of cement mix,
the swelling ratio could remarkably be lowered and the shearing

strengih remnined almost unchanged.

From the sbove considerations, following conclusions are drawvn;

(1) Sample No.5 is mesl suitnble for the embankment in highwoy
construction among the six samples. The degree of adequrcy to
the embankment material is high in this order; XNo.5, No.3, No.d4,
No.l, No.2 and No.6, Therefore the subsoil where Samples No.l,
No.2 and No.6 were taken should net be used for the embankment
in highway construction, If the subscil where Samples No.3, No.4
and No.5 were tsken would be utilized as embankment manterial in

highway construction without any stabilizing ireaiment, a seoil

B )
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layer aboui one meter thick would he required as a surcherpge

load.

(2) The shoulders of highway at the embankmenti part should be
trented for stability with soil-cement mix or other stabilizing
materinls such as slaked lime with pozzelana or bituminous ma-

terials.

The sbove conclusions were taken into account not only in the pre-
liminary design of highwsy but also in that of railway. In this report,
the cross section of highway was decided in accordance with the second
conclusion. It, hovever, is desirable to reinvestipete in detril as
to whether Lhe embankment matlerinl of good qualily can be located in

the districis neur the routes of highway nnd reilwny.
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Fig. 2.6. LOCATION OF SAMPLING PLACES
FOR HIGHWAY EMBANKMENT MATERIAL
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2.4, MHoute Reconnmissance

After the lécétibn of the center line of the bridge selected nt
the first phase investigation wns reviewed at ihe second phase inves-
ligation and cenfirmed te be recommendable, favorable routes of the
highway and }ailway to be connected with the bridge were sought by

reconnaissance, and are shown in Fig. 2.7.

L

(1) Highway

The new high\.myél is planned to connect the existing Asian Highway
A~12 running from Bangkok io Nong Khai in Thailand with the same High-
way leading to Vientiane from Tha Naleng in Lnos after crossing the

Mekong by means of the bridge,

Concerning the highwny route on the Laotian side, its reconnais-
sance was hardly necessary because the route length is very short,
As shown in PLATE 2, the existing Asian Highway runs only about 200
meters away from the riverside neer the bridge site and that the ad-
ministrative facilities for immigration and customs procedures are
to be built on the land between the river and the Asjian Highway, As
the facilities need a considerably large space, this access highway
linking the bridge with the facilities is only about 120 meters long.
A simple reconnaissance, however, was executed. As a result, it wes
found out that the planning can be done as expected without any pro-

blem.

As regards the highway route on the Thai side, three favorable

proposals are made,

The first proposal was made in the First lhase Keport, This
route branches off from the Asien Highway at 2 point about 1.2 kilo-

meters south of the tovn of Nong Khai, and reaches the bridge site

/1 This is comparatively short and immedintely approaches the bridge
after branching off from the Asianp Highway. 1In this sense, this
highway is called the "nccess highway",



mostly through mershy area and relatively costly land. The route

length is about 3.4 kilometers.

The second is a new route proposed by the Thai Government asuthori-

ties, which is to plan a highway running along the existing railwey

on its right side toward north. This new highway will branch off from
the Asien Highway at a poinl about 3 kilometers scuth of the town of
Nong Khai, and will approsch the railway and turn to the bridge site
with a reverse curve of a radius of 500 meters each, and then it will
run straight 50 meters away from the railwey and will reach the bridge
site running through the sdministrative facilities., The total route
length is about 4.4 kilometers excluding the highway atout 370 meters

long in the ares of the sdministrative facilities,

The third is a proposal of planning a highway running on the
left side of the existing railway Lloward north. This route is on

the opposite side of the route proposed as the second.

The above three routes were investigated in detail, and no seri-
ous problems were encountered during the recomnaissance although all
three routes pass the marshy area. Tarticularly noticeable is that
the second and third routes run clase Ly the Nong Khai nirportil.

The comparative study on these routes is made in Chapter ITI.

(2) Railway
A new railway line to cross the Mekong and reach Vientiane is
planned to branch off from the existing railway line running between

Bangkok and Nong Khai in Thailand,

The new railway routelg on the Thai side is very short because

the branch-off point is located near the place where the line begins

/1 The Civil Aviation Department of Thailand approved the con-
struction of a highway running through the district lying
betveen the existing railway line and the Nong Khai airfield.

/2 As it is immedintely connected with the bridge at a short
distance, this railway is canlled ihe "access railway",

40
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to take a curve toward the present Nong Khai reilway station. TIts
length is only about 1 kilometer. As expected, the result of the

field reconnaissance hes revealed that no serious problems would

be involved.

As to the extension of the rnilwnyZl to Vientiane from the bridge
site after crossing the Mekong, five promising routes are considered
as shown in PLATE 1. These routes have been reconnoitered in detail
in the second phase investigntion, too, and their merits and demerits

are given in Chapter III.

/1 The new reailwvay in Laotian soil is named the "extension railwsy"
in the sense that the existing railway trunk line in Thailand is
extended from Nong Khei to Vientiane,
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Fig. 2.7. ROUTE RECONNAISSANCE
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2.5. LEngineering Data Collection

Many kinds of engineering data were collected during the second
phase investigation as well as the first phase investigation. They
are, namely, (1) meteorclogicel and hydrologic data, (2) design
standerds of highwey ond reilway in Theiland, (3) over-sll road net-
work plans in Lemos and Thailend respectively, (4) drawings of city
prlan in Vientiane, (5) regulations for aviation in Thailand, {6) data
relative to the expenses of compensation fer variouns kinds of land,
houses and valusble irees, current prices of locel meateriels and
daily or monthly salaries of technicians and leberers in and around
Vientiane and Nong Khai, (7) datia concerning the present car ferry
service crossing the Mekong between Tha Naleng and Nong Khai, and
the sources of eleciricity availasble for construction work near the
bridge site, (8) data in regard to ihe river-bed erosion duec to struc-
tures built in the river, (9} seismic dota, and (10) maps covering a

part ol the project ares or the whole.

These data are sll useful for the feasibility study, but are
voluminous. What sre compiled in Appendices are therefore limited
to only the important ones for use as reference.

The following is & brief description of the data listed above.

(1) Meteorological and hydrolopic data

The meteorological data collected involve rainfell, air tempera-
ture, relative humidity, prevailing wind direction and wind velocity,
and evaporation. These data were obtained from the three meieorologi-

cal stations, namely Vientiane, Nong Khai and R,I.D, (Nong Khai),

As for hydrologic data, the reccrds of water-level, discharge,
{low velocity, flood, and water itemperature were collected from the
six gaging stations which are at Wat Sop in Vientiane, in the site
of Hydrographic Cffice, at Wat Hlai Sok, Ban Dok Kham, Wat Sri Mong
Kol and Ampho Tha Bo, of which the last four sismtions belong to R.I.D.
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Most of the meteorological and hydrologic datla are compiled in
Appendices apd the characteristic values of these data are summarized

below.

Table 2.7. Characteristiic values of the

meteorological and hydrologic data

(a) Water-level
Period of analysis : 1958 to 1967
Unit :+ meters above sea level

R.I.D, gaging Hydro-

Wnter-level station (Wat graphic B?idge

Hai Sok) Uffice site

Maximum ever recorded EL. 167.6 168.4 -
85-day (rich) 159 160 161
185-day (ordinary) 156 157 157
275-day {low) 155 156 156
355-day {dry) 154 155 155
Minimum ever recorded 153 154.8 -

(b) Kainfall
Period of analysis : 1958 to 1967

Rainfall Unit R.I.D, meteor. station
Max. daily rainfall mm 221,2
Max. monthly rainfall " T27.4
Annual rainfall, max. " 1,857.7
mean " 1,501.5
min, " 1,157.5
Annual raisy dayséi, max., days 117
mean " 95
min. " 67
Yorkable d&yséa, max, " 256"
mean " 235
min, " 205
Remarks:

/1 Excluding rainy days on which the daily reinfall was less
than one millimeter.

/2 Not including the following day of a rainy day or of the
last day of a series of rainy days., The rainy day herein
stated involves the same definition as the above footnotaél.



{¢) Wind velocity

Meteor.

Mex, daily-mean

station wind velocity {m/sec) Remarks
Nong Khai 9.5 Period: 1966 to 1967
Vientiane 26 " : 1959 to 1968
{d)} Air temperature
Meteor. Air tempersture
station (°C) Hemarks
Nong Khai 35.0 (max,) Period: 1964 to 1967
26,6 {mean)
12.8 (min.)
(e} Relative humidity
Meteor. Relative humidity Remorks
station (%)
Nong Khai 98 ({max.) Period: 1964 to 1967
74 {mean)
45 (min,)
(f) Probable high-water levelil at the bridge site
Recurrence Probable high-
yenr water level (m)
2 EL. 165.5
5 166.7
10 167.5
20 168.1
40 168,.8
50 169,0
100 169.6
200 170,2

A

These figures are estimated from

the water-level records of the R,I.D.
gaging station at Wat Hei Sok for
the period from 1937 to 1967.
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(2) Design standards of hiphway and railway in Thailand

Same dota relative to the design standards of highway were pre-
sented by the Highway Department in Thailand, and those of railway
by the Royal State Railway in Thailend. These dotan were utilized
for making the preliminary design of highway, railway and bridge,

and are extracied and put in Chapter ITI and Chapter IV,

{3) Over-al] road network plans in Laos and Thailend respectively

These data are given in Appendices, end are useful for getting

comprehensive views of the project.

(4) Dravings of city plan in Vientiane

These drawings are alsc given in Appendices. There 3s no de-
scription of the future expansion of the present city of Vientiane

in these drawings,

{(5) Regulations for aviation in Thailand

These data were collected from the Civil Aviation Department of
Thailand in the light of the proposal that the access highway to be
newly censtructed on the Thai side should run through the open space
lying between the existing railway and the Nong Khui airfield. These
data are relative to the sclection of the access highway routes men—

tioned in Chapter TII,

(6) Date relative to the expenses of compensation for various kinds

of land, houses, and valuable trees, current prices of local

materinls and daily or monthly ssalaries of technicisns and

laborers in and nround Vientiane snd Nong Khai

leference is mede to these data in estimating the construction

cost and they are arranged in good order in Appendices.



{(7) Dats concerning the present car ferry servi¢e crossing the

Mekong between Tha Nnleng and Nong Khai, and the sources of

electricity aveilable for construction work near the bridge

An alternative plen to this bridge project cen rlso be considered

by gradunlly inereasing the trans-Mekoeng car ferry to accommodate future

growing traffic. This study is made in Chapter IT1 based on the data

of the present car lerry service,

The electric power for construction use is available at Nong Khai.
A 22 kV distribution line is now under construction near the bridge
site as shown in Fig. 2.8, This is #n extension of the existing 22 kV
distribution line runping from Udon Thani. In the near future, the
22 kV distribution line is to be connected with the Nong Khai substa-
tion 5,000 kVA in capacity and 110 kV/22 kV in voltage, and by wey of
this substation the 110 kV transmission line runs from the Fong Neeb
power station to the Nom Ngum dam site., Abundent electric power will
therefore be available for this bridge project al the time of its con-
struction through ihe Pong Neeb power station and later the Nam Ngum

pover station,

{8) Date in regurd to ihe river-ltied erusion due tuv siructures

huilt in the river

Thé team received from the Laotian authorities concerned some
data about the intake tower built in the Mekong for wster supply to
Vientiane. 1In addilion, an echo-sounding was made in the river around
the intske tower. As a result, a depression about 5 meters deep and
about 20 meiers in diemeter was found nt the placve about 20 meters
downstream from the tower and about 10 meters toward the middle of
the river. This depression had been found by the fmotismn Government

last year, the result of which is given in PFig. 2.9.

The effect of this depression seems to have extended over fifty
meters tovard the downstiream reach. PFurthermere, it is judged that
ihe bank close to the lower is somewhat eroded by turbulent flow to

the exlent of about fifty meters upstream and downstiream respectively.
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Hecause both the Laotian Government and the Japanese bridge team
made the survey in the dry seasons, there is unknown how tlhe depres-
sion would develop in rainy seasons when the Mekong flows in a rapid

current,

The problem is whether or nol the scouring action on the river-
bed caused by building piers in the Mekong will affect the shipyard
now under consiruction close by the river in Thailand. The upstiream
end of the shipyard is located at about 150 meiers downstreem from
the center line of the bridge. Consequently, judging from the resulis
obtained by the team, the shipysrd does not seem to be affected by

the scouring action.

In order io obtain more certainty about this matter, it is ncces-
sary tc execute an echo-sounding survey in reiny seasons and to know
the aspects of the depression in the river-bed and the turbulent flow
immediately dewnsiream from the tower, or it may be better to make a

model test in the hydraulic laboratory.

The measures to protect piers from scouring action or Lo protect

banks from erosion nre mentioned in Chapter I11T.

(9) Seismic datae

A seismic reportﬁl titled "SOME CONSIDERATIONS RELATIVE TO POSSI-
RLE INSTALLATION OF SEISMOGRAPHIC EQUIFMENT AT LOWER MEKONG TROJECTS
{Note by Mekong Secretariat)" was presented to ithe teem by the Mekong

Committee,

The following is an extraci from this report,

"According to the data at present
nvailable, the site at Pa Mong lies
outside the seismic belt, There
are traditions of small earthquakes

/1 Not compiled in Appendices.
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being felt in the region, but it
seems probable that these were the
marginnl effects of large earth-
quakes originating at quite con-
siderable distance, ........v...
Some small earthquuakes have been
reported in Laotian territory from
time to time, but it is generally
considered that their origins are
some considerable distance away",

The Mekong Committee haes recommended the team that there is no
necessity to consider any effect of earthquake when designing the
structures for this bridge project. Accordingly, the team complies

with the Mckong Committee's recommendation.

(10) Maps covering a part of the project area or the whole

Various scales of maps were collected from the geographical
bureau in Vientiane. They are referred to the planning of the pro-

jeet in many aspects.
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Fig. 2.9.
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2.6, Economic Survey

As mentioned before, the first phase investigation was intended to
select the most favorable bridge site from among the three proposed
sites, and the second phase investigation aimed to choose more suitable

kind of bridge between a rail/highway bridge and a highway bridge.

The purposes of these two investigations are eventually consider-
ed to be a problem of comparison between the direct benefit which the
bridge project would bring about every year and the cost which would be
required every year for the depreciation, operation, maintenance, and

repairing of the bridge project after completien.

The cost is estimated through the engineering surveys and studies,
while the direct benefit is derived from the economic surveys and
studies. The economic survey was performed in two phases likewise
with the other engineering surveys. In the first-phase economic survey
the following four economic factors were investigated.él The direct

benefit is, in a word, a product of these factors.

(1) the imaginary initial traffic that would utilize the new
bridge on the assumption that the bridge would just be
constructed and opened to traffic at the time the traffic

survey was made,
(2) the benefit per unit of traffic volume,
. (3} the rate of natural growti, and

(4) the growth index due to the impact of bridge construction.

[l Various data were collected in Bangkok in addition to the on~
the-spot survey. The itinerary of the economic specialists who
were engaged in the first-phase economic survey has been given
in the First Phase Report.



The second-pﬁase economic surveyﬁl was carried out to make a
study of the following two items, namely, (1) the indirect benefit
that would be brought about by the bridge project and (2) the re-
lgtion between the bridge toll and the future traffic growth.

A brief description is made of the above six major items herein-

after.

(1) Imaginary initial traffic

Before the imaginary initial traffic is estimated, it is necessary
to know the present traffic condition in and around the project area.
For this purpose, the origin-destination survey—g was carried out about
the traffic of highway, waterway, railway and airway having relations
with the bridge project. Various useful economic data were aiso col-
lected from many government authorities concerned such as the Thai lligh-
way bDepartment, the Thai Customs Department, the Thai Immigration Depart-—
ment, the loyal State Railway of Thailand, Nong Khai railway station,

Uden Thani railway station and the Civil Aviation Department of Laos.

The origin-destination surveys on the highway traffic and water-
vway traffic were conducted at the following ten places, as shown in Fig,
2.10.

[l The itinerary of the economic specialists who were engaged in
the second-phase economic survey is shown in Fig, l.1. in this
report.

/2 The origin-destination survey implies to make clear the origin
and destination of the individual vehicles provided that the
survey is made of highway traffic. A highway is utilized as =a
means of communication usually between the two zones calling the
zone on one side Origin and the other side Destination. A vast
distriet in which the vehicular traffic arises everywhere can
therefore be divided into several major zones.

In this origin-destination survey, the freight volumes by
articles were surveyed at the same time.
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Table 2. 8. Survey points for the origin-
destination survey and the
date executed.

Survey point The date executed

1. 7 km. from Vientiane toward Luang Prabang 12 Sep. '67 (Tues.)

2. 11 km., from Vientiane toward Pak Sane ‘ 12 Sep. '67 (Tues.)
3. 8 %m. from Vientiene toward Tha leus 15 Sep. '67 (Fri.)
4. Tha Naleng car ferry site 19 Sep. '67 (Tues.)
5. Nong Khai passenger ferry site 29 Sep. '67 (Fri.)
6. 12 km. from Nong Khai toward Tha Bo 10 Oet. '67 (Tues.)
7. 17 km, from Nong Khai toward Udon Thani 11 Oct. '67 (Wed.)

8. 4 km, from Udon Thani toward Nong Bua Lamphu 3 Oct., '67 (Tues.)
9. 5 km, from Udon Thani toward Nong ilan 4 Oct. '67 (Wed.)

10, 1l km. from Udon Thani toward Khon Kaen 6 Cet. '67 (Fri.)

.The period of time that the survey was executed was 12 hours from
6 a.m. to 6 p.m. in the daytime on gll the days mentioned above. The
origin-destination survey to obtain 24-hour traffic velume was carried
out only et the point of 12 kilometers from Nong Khai toward Udon Thani,
because the traffic in the nighttime was light at any of these sites due
to the adverse security conditien. The ratio of the 12-hour traffic
volume to the 24-hour traffic volume at the said point was 1 : 1.23.
This retio was applied to other survey points for converting the 12-

hour traffic volume into the 24-hour traffic volume.

Furthermore, the fact-finding was made on the traffic of the main
ferry routes crossing the Mekong near the project site such as those
between Vientiane and Sri Chieng Mai, between Tha Do and Hat Dok Keao,

and betwveen Nong Kahi and Tha Deua. Information on the waterway traffic
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linking Vientiane with Savanakhet and Luang Prabang was also gathered

at the customhouses and the immigration offices located at Vientiane.

Based on the data thus obtained at the field survey, the movement
of freight, passengers, and véhiCIES by zonal pairs was made clear as
given in Tables 2.9 , 2.10, 2.11, and 2.12, and then the imaginary
initial traffic was estimated on the assumption that a bridge is now

open for traffic at site,

(2) Benefit per unit of traffic volume

After a bridge is constructed across the Mekong, the economical
distance in zonal pairs which are obtained by coupling one with another
across the Mekong from among several zones located on both sides of the

Melong, will be reduced to a large extent.

The benefit per unit of traffic volume is the direct benefit to be
derived from the reduction of travel time and the saving an the cost of
operation per unit of traffic volume in a zonal pair, and can be com-

puted by

B = (co - cl) + a(To - 11)

in which., B Benefit,

CO: Cost of operation in a zonal pair
on the existing route to be used
until the bridge is completed,

C,: Cost of operation in a zonal pair
on the projected route to be used
after the bridge is completed,

T : Time of travel in s zonal pair
on the existing route,

le Time of travel in a zonal pair
on the projected route,

a ¢ Coefficient for converting the time
of travel intc monetary value.
This direct benefit, which is called user benefit, changes with
the type of the vehicles such ag beassenger car, truck, motorcycle,

and so on.



The following data were cocllected for use in estimating the
benefit per unit of traffic volume; {1} a table of geographical
distances along roads.in zonal pairs, (2) costs of operation of
vehicles per kilometer, (3) charges and crossing times of the Mekong
in the car ferry and the passenger ferrys,(4) prevailing operating
speed of vehicles per kilometer, (5) charge for waiting time of
vehicles for passenger use, irucks and so forth, (6) average riding
or loading efficiency of each type of vehicles and (7) the national
income of Thailand. The data of the first four items (1), (2), (23)
and (4) were collected from the Highway Department of Thailand, the
next two items {5) and {6) from the govermment authorities concerned
of Thailand and Laos and the last item {7} from the Statistics Bureau

of Thailand.

When the total direct benefit brought about by the bridge 1s
calculated as a product of the four factors mentioned before, it is
assumed that the benefit per unit of traffic volume remains unchanged

irrespective of the lapse of time.

(3) Rate of natural prowth .

Two kinds of the natural growth can generally be considereu, one
is that of the benefit to be brought about from the project and the
other 1s that of traffic., 1t is very difficult to forecast the natural
growih of the project benefit in the future. It will therefore be .
kept unchanged throughout the useful life of the project.

Oaly the natural growth of traffic will be estimated for this

bridge project as mentioned below.

In the project area, the natural increase in the number of vehicles
which cross the Mekong will depend largely on the economic growth of

Lgos, particularly in Vientiane.

The deta mentioned below were collected for the estimation of the

natural traffic growih which corresponds to the economic growth.

{1} the number of passenger and the volume of freight crossing the
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Mekong in time series which were given by the customhouse in

Vientiane and the lmmigration bepartment of Thailand

(2) the gross national product of Laos in the same time series as in
the item {1) and the estimated gross national product of Laos in

the future, which were both collected from USAID

The future gross national product of Laos which were finally
adopted in the First Thase Report was estimated by referring to the
rates of economic growth of other developing countries in Southeast
Asia in recent years as well as the trend of the economic growth in

the past years collected from USATD.

As for the estimation of the loading efficiency of each type of
vehicles required in the assumption of the future traffic growth each
year, reference was made to the data not only in Thailand and Laos

but also in Japan.

(4) Growih index due to the impact of bridge construction

The completion of the bridge will bring about the reduction in
the so-called economical distance of traffic and eventually will cause
traffic growth. The economical distance in a zonal pair is a com-
parative distance between two specified zones to be determined by taking

the operating timé and cost of vehicles inte account.

Such traffie growth can be obtained by means of the method of
Gravity Modelli. According to this method, the rate of traffic growth
due to the completion of bridge is given by the following equation.

If P denotes the rate of traffic growth due to the completion of bridge,

P beconmes

/1 Refer to Walter Isord, "Method of Regional Analysis, An
Introduction to Regional Science,” John Wiley, 1960.
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b
T {1) -1, (0) d,.(0
L W g Jago) |
T;;(0) diJ(l)
Yhere T..{1) + traffic volume between two zones, i and j, after
1 the completion of bridge,

T..{0) : +traffic volume between two zones, i and j, before
13 the completion of bridge,

d..{l) + economical distance between zones, i and j, after

13 the completion of bridge,

d,.{0) : economical distance between zones, i and j, before
4 the completion of bradge,

b : an exponent to be properly determined case by case.

The data to be required for the estimation of this rate P were col-
lected from the government authorities of Thailand and Laog. They are

listed up in the preceding item (2).

(5) Indirveet benefit

The indirect benefit includes literally the bhenefits that result
from the project such as {1) the inerease in production profit in re-
lation to the lowering of transportation cost of raw material to be
brought about from the utilization of the better transport facilities,
{2) the increase in sale due to the drop of selling price, (3) the growth
of demand as a result of the fall of retail price, (4) the effect due to
saving of stock to be derived from the reduction of time of transportation
of raw material, (5) the increamse in proceeds iun export industries, (o)
the rise in land values, (7) development value of natural resources, (8)

promotion of tourism, (9) progress in economic activities, and so on.

In order to obtain every information and data indispensable to
evalupte these indirect benefits, the door-to-door visit was made to
shops, factories, markets and so on in Vientiane, Nong Khai and their
environs., The factories visted were tabacco, plastic bag and footwear
factories, iron works, sawmill, rice—processing mill, helm—dressing
company and so on in and around the cities of Vientiane and Nong Khai,

more than twenty altogether.



As for shops and markets, the shops selling rice, clothings, con-

struction materials, vehicles, oil and so on and markets were visited.

Furthermore, the fact-finding survey was carried out on the
customhouses and imnigration offices located at the three ferries of
Vientiane—8ri Chieng Mai, Hat Dok Keo-Tha Bo and Tha UDeua-Nong Khai

routes.

{6) Relation between the bridge toll and the future tralfic growth

The future traffic growth will vary with the bridge toll. The
adequate bridge toll ranges from free-of-charge to the amouni equiva-
lent to the current charge of the car ferry. In the First Phase Report
the future traffic growth was estimated on two cases of bridge toll;
one case is that the bridge toll is free and the other case is that the
bridge toll is equal to the current charge of the car ferry. In the
Second Phase Report, more cases will be considered in the bridge toll

between free-of-charge and the current car ferry charge.

The future traffie growih can be considered to depend on production
and consumption in the project area and besides to be influenced by the
income standard and price level in the project area. Therefore, the
field survey was conducted on these economic characteristic values of
the project area. Furthermore a fact-finding survey was made at ETO
and SOGUV to gather information as to what influence the bridge toll
will exert on production, consumption, traffic growth and so on,
because ETO has close relation with the current car ferry running
between Nong Khai and Tha Naleng and S0GOY is the administrative
authority of this ferry.
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Fig. 2.10. SURVEY POINTS FOR ORIGIN -DESTINATION SURVEY
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CHATVER 111

RATL/IIGHVAY BRINDGE

Although the bridge site w;q decided as Site No.i (Nong Khai)
by the Mekong Committee in January 1968, the kind of bridge to be
constructed across the Mekong is not finally decided yet by the
Mekong Committee. The Second Phase ieport has a purpose 1o offer
suéh datn as the Mekong Committee can dicide the kind of bridge for

the Nong Khai/Vientiane Bridge Project.

At the present moment, two kinds of bridge are considered,
i.e., a rail/highwvay bridge and a highway bridge. 1In Chapter IIT,
a study has been made of the engineering, economic and finaneial
Teasibility of the MNong Khai/Vientiane Bridge Project provided
that a rail/highway bridge is adopted, while Chapter IV presents

the similnr study in case ihat a highway bridge is ndoepted.

The following are the description of the study mentioned above.

3.1. Engineering Feasibility on the Bridgse

3.1.1. General

In case & rgil/highway bridge is constructed over the Mekong,
the project has two purposes : one is to extend the existing
railway from Nong Khai to Vientiane for tho mass transportation
of freight and passengers, and the other is to consummate the Asian
Hlighway A-12 with a direct link by a modern bridge, which is now
obstructed by the Mekong.

The first and second phase investigations and the subsequent
studies revealed that the construcbion of a rail/llighway bridge
is practically feasible in view of the engineering aspect, although

it may be accompanied with some difficult problems to be overcome
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before construction such as scouring effect around plers, side

erosion along boih banks and so forth.

Various comparative studies have bheen made of the type of bridge
and construction materinls of bridge Lo select the most favorable
fail/highway bridge that can meet engineering, economic and esthetic
requirements. As & result, the superstructure composed of the three-
span continuous truss, each span measuring 70-meters, is expected
to be the most prospective one. In this case, a rallway track and
a two-lane highway are to be laid down between the major truss
structures. A side-walk for pedestrians and a gangway for track
inspection are to be provided outside the major truss structures
respectively. The superstructure will be supported with the re-
inforced concrete piers that will be built on the pneumatic caissons
and the open caissons. The pneumatic caissons are io be build
in ithe river channel of the Mekong and the open canissons are io
be built on the riverside terrnins, each caisson being founded on

the firm siltstone layer.

Besides the standard span of 70 meters, a span of 9C melers
will be provided Tor the inland navignpion. According to the
navigation requirements stated in the Plan of Operation, the vertical
clearance of 10 meters has to be provided above the Design High-Vater
Levelél and the horizonal clearance of 78 meters between both side
piers. ‘The course of navigation should be taken at the deepest
rlace of the Mekong where is located Lowards the Laotian side from
the middle of the river., The supersbructure under which the above
clearances are provided for the course of navigation comprises two
cantilever arms overhanging the riers on both sides by ten metiers

respectively and a suspended turss 70 meters long to be sustained

by the cantilever arms on both sides.

/1 The Design ljgh-Vater Level is mentioned 1n the next paragraph.
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As for the nccess bridges to be linked with ihe main steel
stuss bridge, the railway track and the roadway of the hipghway
are separated from each oiher and each access bridge is built of
reinforced concrete. The sidewalk and the gangway are connected

with the staircases provided at the both-side banks of the Mekong.

The access bridge for reilway use is divided into two parts,
a plate girder 60 meters long 1n toial and three-span continuous
rigid-frame bridges made of reinforced concrete 342 meters long in
total. UEuch span of the latter bridge measures ten meters, and its
substructure is of iwo-column type and is supported by the precast

. !
reinforced concrete pales.

. The access bridge for highway use is planned as a combination
of a composite girder bLridge 60 meters long and a three-span
continuous hollow slab bridge 270 meters long made of reinforced
concrete because the highway is wider than the railway and loading
is much movable as compared with the railway. Each span of tha
hollow slab bridge measures fifteen meters. 1he hollow slab 1s
supported by the two piers standing on the reinforced concrete
siab, which is sustailned by the reinforced concrete piles driven

intc the ground. these pccess bridges are shown in PLAFLS 6,/ and 3.

As & conclusion, the most recommendable type ot bridge spanning
the Mekong 640 meters wide at the bridge site has been envisaged
as a combination of a steel truss bridge 720 meters leng over the
Mekong and four kinds of the access bridges over the riverside

terrains on both Lanotian and Thai sides.

3.1.2. lixact location of the bridge

The location of the center line of the bridge, which was
proposed in the First Phase Report, was reviewed at the earliest

time of the second phase investigation.
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The faverable location can be expected within the range mentioned

below.

(1) ‘Three is no favorable location on the aren downstream from
Hydrographic Office, becouse the riverside terrain on the
Thai side is gradunlly densely populated as it gets nearer
to the town of Nong Khai. .

{2) e Mekong ends to make a turn at a large radius al about
one kilometer upstream from line on the downstream reaches
therefrom does not lie in the middle of the river channel,
but still lies towards the Laotian side. Therefore, it
is desirable to locate the bridge as downstream ns possible.

{3) The trans-Mekong transmission line crosses over the Meliong
for the Nam Ngum Project at a point about 600 meters
upstream from lydrographic Office,

(4} A small tributary joins the Mekonp on the Thai soil nt
& point about 400 meters upstream from ilydrographic Office

and it often inundates in rainy seasons.

Under the above considerations, the favorable location of the
center line of the bridge is confined to the area beiween Hydrographic
Office and the confluence of the tribulary with the Mekong. With this
in view, the location of the center line of the bridge proposed in the
First Phase Report was appropriate. According to the survey map with
n scale of 1 40 2,000 made based on the plane table survey conducted
during the second phase investigation, the center line was found to
be somewhat skew from the river-angled line to the river course.

The center line is therefore corrected at right angle 1o the river
course, as shown in Fig. 2.2. This corrected line will be proposed
in the Sccond Phase Report as the exact location of the center line

of the bridge.

3.1.3. Preliminary design

The bridge can be divided into two major parts, superstructure

and substructure. The preliminary design of the superstructure and



substructure has been made to conform to the "Specifiention for ihe
Supply of Steel Superstructure of Failway Bridge" of the Hoyal State
Railway of Thailand and the "Standard Specifications for Highway

Bridges" of the American Association of State Highway Officials.

The necessary clearances for highway and railway on bridges
are extracted from the latter specification and illustrated in
Fig. 3.1, The live loads to he applied to the design of the highway
bridge and the railway bridge are also extracted from the nbove two

specifications as shown in Fig. 3.2,

3.1.3.1. Superstructure

"In making the preliminary design of the supersiructure of bridge,
studies were made of the following six items : {1} location of summi t
of bridge for navigation requirements, {2 longitudinal grade of
bridge, (3 type of bridge, (4 pier spacing and (5  form of cross

section.

(1} Location of summit of bridge for navigation reguirements

As mentioned in Subparagraph 3.1.1., the lekong river

channel is relatively deep on the Laotian side and relatively

shallow on the Thei side near the bridge site. The course
of inland navigation on the Mekong should therefore be taken
on the Laotian side, and the summit of lhe bridge also
should naturally be rlaced just above the course of naviga~

tion,

According to the Flan of Operation, the navigation

requirements are given as follows.

The Mekong Committece's Advisory Board recom-
mended at its Eighth Meeting in April 1967 that the
bridge should have "a minimum horizontal clearance
of 78 meters and a vertical clearance of 10 meters

above preponderant high-water level,"
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The navigation on the Mekong around the project area
has been limited to small-scale regionanl services because
of the Khong Falls near the Laos-Cambodian border, 3 kilo-
meters wide and 20 meters high, which forbids navigators
to proceed from the estuary up to Vientiane. In recent
years, hovever, pusher barges have become to be used
increasingly in regional navigation. On these barges,
the operator's cabin is as high as 8 or 9 meters from the
water-line to command a better forward view, lesides,

container-transportation has become popular.

Therefore, in the Tuture a much grealer vertical
clearance will be required for navigation than what may
be considered adequate based on the present river traffic.
The recommendation of the lG-meter vertical clearance
made by the Advisory Board can be considered appropriate

accordingly.

Problem lies in the selection of the preponderant
high-water level. To be implemental to this selection,
high~water levels probable to occur at the bridge site
vere estimated bansed on the data observed at the gaping
stations located around the project area and are listed
in Table 2.7. (f) in Paragraph 2.5. The high-water levels
at the bridge site listed in Table 2.7. were estimaied
from the 30-year {1937 - 1967) datn:z-;L ohserved at the
R.1.D. gaging station located at wat lai Sok in Nong Khai,
and the 4-year (1964 - 1967) recardsii at lyvdrographic
Office at Nong Khai. The details of the probability calcu-
lation for the above are compiled in Appendix IV, Paragraph
4,2,

/1 The hydrographs of these wanter-level records are compiled in
Appendix 1V, Paragraph 4.1,

N
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From ihe water-level recorids of the past 30 years
from 1937 to 1967 of the R.I.D. gaging station, the number
of days in whieh the water level in the past was above
the estimated probable high-water levels at the bridge site
and the maximum duration in days in which the water level
in the past continuously remained above the estimated
probable high-water level at the bridge site were compuied

and are given in Table A.4,.2.4. in Appendix 1V,

As can be seen from this table, the actual past
water levels remained at a ratio of one te 50 days above
the estimated 2-year probable high-water level. The
ratios for the estimated S5-year and 1O~year probable high-
water levels are 1 to 310 and 1 to 700 at the bridge site,

respectively. ‘The last two ratios are considerably small.

Of floods in the past, the flood that the water level
remained above the estimated probable high-water levels
for the longest duration was the one that inundated the
Vientiane plain in 1966, [he water-level of this floor
corresponds Lo the 25-year probable high~water level,
and stayed continuously above ithe 2-, 5- and 1G-year
probable high-water levels for 29, 20, and 14 days,
respectively. In years other than 1966, the numhers of
days per year in which the actual water-levels were above

the 5-year probable high-water levels are 5.

From the above consideratiien, the 5~year probable
high-water level EL 166.7 meters was considered appropriate
to be chosen as the preponderant high-water level,
Consequently, the design high-water level at the bridge
site which shall be based upon in making the preliminary
design of the bridge was decided as EL 167 meters above

mean sea level taking the nllowance of 0.3 meter.

The superstructure under which the course of naviga-

tion would be taken was designed to meet the navigation
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(3)

requirements mentioned before. Namely the bearings on
both side piers will be placed at ten meters above the
design high~water level EL 167 meters and the span of the

piers w1ll be talken at 90 meters belween lhe center lines.

Consequently, the elevation of the summit of the
bridge will become EL 1%9.27 meters as shown in PLATE 3,
provided that the summit of the bridge indicates the highest
place of the formation level at the middle of the two-~lane
highway on the braidge. The location of the summit will be
selected toward the Leotian side from the middle of the

Mekong river channel, as shown in PLATHE 3.

Longitudinal grade of bridge

The longitudinal grade of ihe rail/highway bridge is
limited to a maximum of 1.2 percent similarly to that of
railway as stated in the nexl paragraph, and will be so
provided that the highway part of the bridge could reach .
the ground on both banks of the Mekong Irom the summit of
the bridge, and that the railway track could overpass the
Asian Highway A~12 with a vertical clearance of 4.5 meters
on the Laotian side and also could permit the traffic on
the underlying roads al the riverside terrain on the

Thai side.

Type of bridge

The type of bridges is to be selected from the
engineering and economic points of view. A bridge must
first suit local conditions and give the greatlest service
for the least money. 1t is also required to be durable,

easy to maintain and agreeable in appearance.

With these in view, o comparative study on the type
of rail/highway bridge was made among five conceivable

types, i.e., a continuous box girder with battledeck floors,
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a simple box girder, a continous through truss, a simple
through truss and an arch. Uut of these types, a continuous
through truss bridge gives in general the leaslb steel under
the same pier spacing in the same local conditions. A
simple throuéh truss, n continuous bhox girder, an arch,

and a simple bhox girder increase in the tolal weight o
steel by about 10, 25, 30 and 35 percent as much as the
continuous through truss. But, truss bridges require much
more waork of‘shop fabrication and field assambly and more
cost of maintenance. Besides, through bridges, of truss

or any type, are generally inconvenient when the roadway
will be widened or the railway will be double—tracked in
fulure and will narrow the drivers' sight or hinder travelers
from commanding a wide view from the bridge. Under these
considerations, as mentioned in Chapter IV, continuous
box-girders with steel battledeck [loors are recommendable

for highway UbLridges.

llowever, 1l loaded with heavy and fast-running train
loads, a continuous box-girder will undergo a large
deflection accompanying vibrations due 1lo its relatively
small depth-span ratio. And, the battledeck Tloor is
inconvenient for track laying. thus, considering also the
need that the rail leéel must be as low as possible
in order vo reduce the height of approach lines, a continu-
ous through truss bridge is the most recommendable for a

rail/highway bradge.

As an alternative for a through bridge, an arch
bridge is well‘conceivuble. But, an arch bridge, which
i1n its nature is to be bLuilt as a single-span structure
in each span, requires in general for a span of about 60
or 70 meters about 30 percent more steel than a through
truss bradge continuous over three spans. :oreover,

arch bridges lack rigidity. ‘herefore, arch construction
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was left out of construction.

I4 goes without saying that a bridge must be planned
not only from the viewpoint ol ats superstructure but also
in relation io its substructure. At sites where midstiream
prers are impossible or exiremely diftficult to construct
or a very large channel opening 1s required, & suspension
bridge is a solution. At the bridge site, hewever, no
circumstances can be found that might hinder the construc-
tion of midsiream piers, though some difficulties may
arise in the work during the flood season. ilence, a

suspension bridge is out of the question.

Prestressed-concrele construction was alse studied
for a rail/highway bridge. A presirvessed-concrete bridge
with a span of 70 meters or more, which are required for
the bridge due to the navigation requirementé, involves
many problems in construction. In general, subsiructures
of prestressed-concrete bridges require much more material
nnd cost than in the casc of steel bridges, because they
must withstand greater vertical as well as horizontal
forces due to the dead weight of heavy concrete girders.
Besides, a prestressed-concrete bridge requires much more
time of construction than a steel bridge. Therefore, the

adoption of presiressed-concrete bridges was discarded.

Pier spacing

Gtenerally speaking, the truss members of the super-
structure becomes larger and the total weight of steel
meterial required increases more and more, as the span
of o bridge becomes longer. As a result, the construction
cost of the superstructure gets more but that of the sub-
structure gets less because the number of piers required
decreases, and vice versa. In view of these facts, the

problem of pier spacing is important in making the



preliminary design of the bridge.

For the study of this problem, the following two
conditions are laken inte account. ¢ne is that the piers
of the bridge will be founded on the fresh siltstone under—
lying the alluvial deposits in the Mekong. The fresh
siltstone will be excavated up to iwo meters deep from
ils Lop surlface to place the pier thereon and to protect
it from scouring action arising around the foundation
of the pier. The other is that, however deeply excavated
the firm siltstone may be, its bearing strength will be

regarded as constant.

In this bridge project, the economical span length
of a rail/highway bridge lies around 70 meters as shown
in Fig. 3.3. A comparative study was mande among 50-meter,
60-meter, TO-meter, 80-meter and 90-meter spans and some
appreciable difference was found in the construction cost.
Therefore, the span of 7O meters was selected as shown in
PLATIY 3, except a midstream 90-meter span which is provided
to meet the navigation requirement that the bridge should
have & horizontal clearance of not less than 78 meters

prescribed in the Plan of Operation.

Torm of eross section

In order to find out the most economical form of
cross section for a rail/highway bridge, such five cases

as shown in Fig. 3.4. were considered.

Case 1 is a three-span continuous truss bridge with a
railway track laid on one side thereof. The bridge consisis
of o 4-meter—-wide railway track, to two-lane roadway of
8 meters wide in toial, a 1l.5-meter—wide sidewalk and a
1.5-meter-wide gangway for track inspection, totaling
15 meters in effective width. The railway track and the

roadway are laid down between the two major truss structures,

75
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and o sidewalk and a gangway are placed outside them.

In this case, there is a demerit that no bridpe loads
distribute unifermly to the both-side major truss members
due to unsymmeirical allocntion of the railway and the
roadway and consequently the Jimensions of cross section
of the one major truss members differ from those of the
other ones, resuliing 1n the increase in the costs of
shop desipgn, manufacture and erection of the members,
Contrariwise, there are two decisive merits that the
railway and the highway are always separated without any
at-grade intersection, and there 15 no necessity to further
separate iwo lanes of the roadway. Uwing to these two
meriis, Case 1 shows the less construction cost than the

other four enses, as piven in Table 3.1.

I'rble 3.1. Constriction costs for the comparative
study on the lorm of cruss section

Construciilon cost {U5S

Hain truss Access "
Case , [otinl
bridpre braidge
1 5,400,000 4CC, 000 6,200,000
2 5,500, 000 1,100,000 6,606,000
3 7,600,000 504, 000 &,1c0,000
4 3,500,000 1,3800,00C T, 30G,000
5 3,7C0,000 1,100,000 6, 300, 00¢
ilemarks : The above construction costs do not ineliule

the exoen. tor o ineering service,
Government's administrative expense and
interest during consbruction for the sake

of comparison.

Case 2 is a three-span continuous truss bridge with
a railway track laid in the middle thereof and two one-

lane rondways separately located on bhoth sides of the
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railway track. In this case the railway track is likewise
4 meters wide, and a sidewalk and a gangway one 1.5 meters
wide respectively as well, but the iwo-lane roadway will

be widened by two melers, ecach lane being taken at 5 meters
Lo make possible the overtaking on the one-lane roadwav.
The effective width totals 17 meters. 7The cross section
of the major truss members on both sides becomes identical
due to ithe uniform distribution of the loads, leading to
the less costs of shop design, manufacture and erection

of the members than those i1n Case 1, Since the two lanes
of the roadway, however, are separated {rom each other,

the total bridge width will naturally become larper than

in Case 1, and the two lanes of the roadway separated have
te be placed Logether after the one one-lane roadway crosses
the railway tracit with grade separation near the riverside
terrain, resulting in longer access bridge and much more

construction cost than in Case 1.

Case 3 1s that two three-span continuous truss bridges for
rallway use and for highway use are separately built 1n parnllel.
the sum of the respective effective width of the two bridsges
15 the same 15 meters as in Case 1. [his case requires much
more construction cost than Case 1 and proves eventually uneco-
nomical. i1, however, has an advantageous point that the
construction work can be carried out at different period each
other and the operation, maintenence and replacement costs can

clearly be allocated,

Cnse 4 is a form of the two-storied cross section that a
two-lane voadway 1s placed on the three-span continuous truss
bridge for railway use only, and & sidewalk and a gangway 1.5
meters wide ench are laid down on both sides of the railway
track inside the major truss structures. This case requires
much longer access bridge for highway use due to the high
formation level of the roadway amnd results in the much i1ncreasc

in the construction cost. DBesides, in view of the structural
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design 1o cope with the vabration caused by the railway
loads, this form of cross section involves some technical

difficulties.

Case 5 is o Torm of the cross section that a three-span
continuous iruss bridge with a railwvav track only laid inside
the major truss structures and with the iwo one~lane roadways
separately built outside the major truss structures. A side-
walk and a gangway are placed further outside. Tn this case
much wider spncing than the required construction gage has to
be taken between the two major truss structures Lo prevent the
bridge from overturning due to the eccentric loading on the
bridge. Purthermore, the two one-lane roadwavs separated have
to be united with o longer access bridge like 1n Uase 2. It
is, therefore, concluded that this case entails more construc—

tion cost than Case 1.

From the cemparative study mentioned above, the most
recommendable form of the cruss section Tor the superstructure

of a rail/highway bridge is Case 1.



Fig. 3.1,

CLEARANCE DIAGRAMS ON BRIDGE
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Fig.3. 2. LIVE LOARDS FOR HIGHWAY AND RAILWAY BRIDGES
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Fig 3.3

THE MOST ECONOMICAL PIER SPACING
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Fig. 3.4. VARIOUS CROSS SECTIONS FOR A RAIL/HIGHWAY BRIDGE

N

1500] Q00 8,000 400 4.(100 g0D

-

[ER

12,000

CASE - | (ADOPTED)
€
)_(. i x —_ 3 PI__
/ & ] —
o 1
1500000 5000 400 4000 400 5000 190 § / g
[ 50 i S
i S iso0do0  BOCO 1000 ! 3den | i
500 | |
| |
E 1 —— = % L\—-—#J‘J J
I IX] —e 1] 1 1 ] ‘I__.f L
B Q O]
3 —&
16,000 | 9.300 800 |
I | - ‘ |
i ! i | Hi | \ ! ' Hi
CASE -2 CASE - 3
6,500
—=
| e
.>-<. -
o
2 S
9) o
0
= 1500 _ 5,000 300 i 3962 : | 00 5000 1500
1
T1 T 1 LT =1 LL_,__J) - -
2t g —! T s

CASE - 4 CASE - 5




3.1.3.2. Substructure

For the substructure of the main steel truss bridge 720
meters long, reinforced concrete piers are envisaged and as thear
foundation pneumatic caissons are designed to be founded on the
firm siltstone layer umlerlying the alluvial deposits of the

Melkong.

For the substructure ot the nccess bridges on both taouian
and Thai soils such as rigrd-rrame bridges, holiovw siab bridges
and so forth, two-column type reinforced concrete piers that
are supported by precast reinforced concrete piles driven inte
the sand or gravel layer are envisaged. Althoupgh there is
nathing to be specially mentioned about the substructure of the
access bridges, various comparalive studies are made of the
subsiructure of Lhe main steel truss bridge and there are much

to be reported as follovs.

Three different kinds of piers arce considered for the caompara-
tive study, namely, a steel structure, a presiressed concrete
structure and a reinforced concrete structure. The former
two cases are nol recommendable becttuse these kinds of piers and
the underlying caisson have such a weak point that they cannot
be rigidly connected at the joint. Reinforced concrete piers not
only do not have such a crucial wealk point but also gives the
least construction cosi. Therefore, reinforced concrete piers

have been finally adopted.

As to the shape of ihe pier, the oval section was taken up
to make least the cross scctional area and the running water
pressure. The head of the pier was so enlarged as to sufficiently

support the superstructure.

Since the study of the foundation of pier is so important
as to control the engineering feasibility of the bridge consirue-

tion, the bridge team has done their besl to make the study of the

83"



foundation of pier,

The following four kinds were studied fo:r the foundation of
the pier, namely, pile, footing, open caisson and pneumatic
caisson., After making a comparative study of these four structures,
a combination of open and pneumatic caissons is recommended [rom
the viewpoints of economy, soundness of construction and reliability

in the progress of work.

The pile foundation was at first deemed to be ecconomical
because the construction machines and equipment to be required
for pile foundation are usually not so many as those for footing
or ceissons, and constructiion is easy and can be finished in a
short time. However, it was found necessary to drive the piles
into the fresh siltstone layer underlying the alluvial deposits
in the Mekong to meke the foundation withstand scouring action.
It is judged to be technically impossible or to be accompanied
with much difficulties to drive steel piles or precast concrete
piles inte the firm siltstone layer. The pile foundation has

been discarded accordingly.

When the foundation of pier is shaped with footing and built
on the land, its construction is generally simple.and its construc-
tion cost is low. However, il is not profitable to built footing
in the river. In this bridge project very wide footing is required
to wishstand the stress that is conveyed from the superstructure
and as a result wide space is required for coffering. Such would
largely reduce the flow arem of the Mekong and accelerate the
flow velocity with the effect of backwater, and would eventually
make it difficult to maintain various construction machines and
equipment at site. TFurthermore, since the coffer would be made
of steel sheet piles and the inside open space would be drived and
excavated, the problem that the river water considerably leaks
in from the lower part of the coffer would be encountered. Such

leakage cannot entirely be cut off, and would affect the construction
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period most adversely. This open-cut excavation is found not
reliable technically as well as from the viewpoint of completing

the constructioﬁ work within the limited construction period.

The open caisson can be constructed on the land without any
difficulty. But,‘once it 1s provided in the river, 1t will require
much time to settle on the firm foundation rock and espeeially in
this bridge project it suggests tight schedule bhecause the nine
caissons shall be built in the Mekong river channel within the
two dry seasonsél' Furthermore, in the open caisson it is
impossible to ascérta&n whether or not the botiom edge of the
caisson reaches the fresh siltstone that is excavated ouit at the
depth of two meters from its top surface for the purpose of
withstanding the scourihg action around the caisson. If ihis
unfavorable condition could be admitted, an open caisson would
cast about 230,000 U.S.dollars while a pneumatie caisson 240,000
U.s. dollarség, taking into consideralion the local conditions
of ihe project. lowever, wvhen the importance of the bridge is
stressed as an international Mekong bridge, the open caisson should

not be recommended in spite of giving lower construction cost.

After making the above studies, the foundatien of eleven
piers for the main steecl truss bridge 720 meters long has been
recommended as follows in this report, as shown in PLATE 5.

Open caissons will be provided for the iwo piers located on both
banks of the Melkong where the construction is nol affected by the
river water, and pneumantic caissons will be built for the nine
piers located in the Mekong to warrant sound construction, The
melhods and procedures of construction of caissons are mentioned

in detail in Paragraph 3.4.

/1 IExactly speaking, the construction is confined to the period
when the water level of the Mekong stays below L.V.L. EL154.000
above sen level. Usually the period ranges {rom November to
May in the following year.

/2 The pneumatic caisson requires higher cost than the open
caisson because the former caisson shall be equipped with
the pneumatic dispatch freilities.
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3.1.4. Banl erosion

The bend of the Mekong localed upstream from and nearest
to the bridge site ends at about one kilometer upstream from
the bridge site. The stream line on the downstream reaches Lhere~
from, however, does not lie in the middle of the river channel,
but lies toward the Laotian side. Consequently, the river bank
on the Laotian side is being eroded little by little each year
and sedimentation occurs on the Thai side.

The bank erosion 1s estimated to develop about 20 centimeters
a year at present, If a bridge prer 1s built near the river bank,
the bank erosion will increase perceptibly. According to the
proposal in this report, the rail/highvay bridge wiil be situated
a{ approximately 6 meters above the bank and the sutermost nier
on the tlekong has been planned to be built about 30 melers avay
from the bank, as shown in Pig. 3.5. 1In this case the bank
erosion vill undoubtedly be more violent due to the turbulent
flow caused by ihe pier. 1t 1s necessary to protect the bank
from erosion by means of gabions and/or dumped riprap of lumps

of laterite or conerete blocks.

The bridge team surveyed in the second phase investigation
the condition of the bank new being eroded by the turbulent flow
around the water supply tower located on the rekong about six
kilometers upstream from Vientlane. Jt has become clear that the
bank has been somevhat eroded to an extent of about 50 meters
both upstream and downstream, as mentioned in Chapter 2, Paragraph
2.5. This result can be applied to this project, but it would
be advisable to establish appropriate measures against erosion
that would suit to the local conditions around the bridge site.
The most appropriate measures should be planned after the bank
is left as it is for one rainy season afier the outermost pier
would have been constructed, and the degree of bank ecrosion

is nctually confirmed. The protection worle should be carried out



in succession each year for the maintenance of Lhe bank protection
in assoclation wiih the investigation of the state of bank erosion.
Fortunately the prers on the riverside terrains are to be built
about 40 mevers away rrom the bank, and no detrimentnl damage to
the prers could be expeeted 1n a few vears even 11 the banx 1s

lelv unprotected.

under the above consideratwions, tvhe €057 1or bank provection
1s included in the isem of contingency and resevrve in the cons-
truction cost eslimated in this report. If the bank protection
works would be executed by means of gabions as shown in Fig.3.5.
over the reach of 50 meters upstream and downsiream respeclively
on both Lnotian and Thai sides, the cost is estimated at about

4C,000 U.S. dollars.
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Fig. 3.
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3.1.,5. River-bed erosien

The results of the test drallinp of the river~bed are as given
in Chapter 2, Paragrﬁph 2.2. On the laotian side from the middle of
the river channel, the hard siltstone underlies the weathered silt-
slone layer thai is covered with alluvial deposits nbout 3 to 5 melers

thick and 7 to 13 meters thick on ihe Thai side.

The scouring action of the river-bed due to bridge piers general-
ly is most conspicuous in rainy seasons when the Mekong flows in big
discharge and high veloéityil. In dry seasons the scouring effect
little eoccurs and it 15 even assumed that those portions scoured in
rainy seasons are embedded wiill silt to some extent during dry seasons.

It is said thal the scouring repeats this phenomenon every vear,

As mentioned before, the bridge team surveyed in the second phase
investigation the scouring effect of the river-bed around the water
supply tower on the Mekong. As given in Chapter 2, Paragraph 2.5.,
the results of the investigation revenled that n hollow about 20 weters
in diameter and 5 meters deep bnd been developed slightly toward the
middle about 20 meters downstream of the tower. This fact supggests

that the scouring of the river-bed was due to the tower.

Judging from this phenomenon, it could well be expected that the
sand and gravel deposits around ihe piers will most probably be washed
away by scouring afier the piers would be constructed at the bridge
site. To protect the piers from scouring action, the foundation of
ihe bridge pier will be built in such a way that the foundation will
stand firm and stably on the hard siltstone excavated to a depth of
twvo meters from iis top surface. As mentioned previously, pneumatic
caissons have been considered for the foundations of piers., Generally,

the bearing strength of the foundation rock is assumed to be unchange-

/1 The flow velocity of the Mekong at the bridge site is assumed
to be 0.5 to 1.0 meter per second in dry seasons and 2.5 to 3.0
meters per second in rainy seasons,



able irrespective of its location. The drilling cores of siltstone
layer have shown that the siltistone underlying the Mekong river-bed
is very hard and that 1f the siltstone wvould be excavated up to two
meters for the foundations of piers, the piers could satisfactorily
be protecied from fenrful scouring action. 1t is therefore estimated
thet there is no necessity for the piers to be placed at depths more

than two metlers.

The state of scouring of the river-bed arcund the prers should
be investignted every year and for the maintenance of the piers lumps
of laierite or stones or concreie blocks should be dumped on all such
occasions to protect the piers according Lo the development of scour-

ing effect,

With this in view, ihe problem of river-bed scouriy, involves
much to be solved al Lhe stape of operalion and maintenance of the
project, Therefore, the cost required for protection agninst scour-
ing has been included in the 1tem of contingency and reserve in the
construction cost estimated in this report., The initial cost re-
quired for protection is esiimated at aboul 100,000 U.S. dollars for

Yaying down concrete blocks around nine viers on the Mekeng.
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3.2. Fngineering Feasibility on the Hailway

3.2.1. General

When a rail/highway bridge is built over the Mekong for this
bridge project, the Northeasiern trunk line of the loyal State Kail-
wvay of Thailand will be extended by about 20 kilometers from Nong
Khei Lo Vientiane via 1lhe bridge. The construction of this railway
scarcely gives rise to any serious engineering preblem, becauuse the
topographic features of the project area are generally gentle and

the ground presents comparatively firm foundation.

The only conceivable problem is that the earth having the nature
of swelling when saturated with water prevails cver the project area,
and a5 a result favorable earth for use as embankment material is not
easily obtrinable in the project area, This problem, however, can be
solved by mixing and using as embankment material the unfavorable
esrth with very find sand inexhaustibly available at the sand-bars

that are found here and there in the Mekong.

Another problem is that the railway should be protected from
abnormal fleeds that sometimes occur and i1nundate the Vientiane plain,
For this purpose the formation level of the railway is so decided as
not to be submerged by the probable flood of 40-yeur recurrence which
is equivalent to the useful life of the railway. TFurtihermore, slope
protection and flood bridges are provided where the railway faces

the violent stream of disastrous floods.

Regarding the selection of the railway route, no comparctive
study is necessary for the selection on the Thai side because the
bridge site is located at 2 short distance from the existing rail-
way. On the Laotian side five routes are considered, .each of which
has its particular merits. The final seleciion of the route will
be made so that the railway could serve for the development of the

city of Vientiane in the future,
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3.2.2. 8election of route

For the sake of convenience, the railway to be constructed to
connect the Mekong bridge with the existing railwany on the Thai soil
is called "Access railway" and the railway to be extended from the
bridge site to Vienliane on the Laotian soil is called "Extension

railway",

As For the access railwny, the roule has been decided Lo branch
off from the existing rnilway line with the curve of 600-meter radius
near the place where the line begins to take a turn ioward the pre-
sent Nong Khai station. Jn ihis connection, it is proposed to con-
struct o new Nong Khai rajlway station at the branch point. This
site is very convenient to make communicetion with the town of Nong
Khai, and ihet may become in the future a prosperous administrative
center elong with the administrative facilities to be provided to
carry out due formalities for immigration and customs for vehicles,
The route of the access railway and the location of the new Nong

Khai station are shown in PLATE 2.

Concerning the extension railway which leads to Vientiane from
the bridge site, five promising routes are proposed. As is seen in
PLATE 1, the two routes A and B pass the lowlands similarly to the
route of the existing Asian Highway A-12 and cross the That Luong
Marsh, The other three routes C, D, and C.D combined run of the
highlands east of the That Luong Marsh and cross the marsh at its

northmest part or pass far awny therefiom,

The former routes A and B aim at the public convenience to be
brought about by the railway and the further urbanization of ihe
districts lying along the proposed railway route and the said high-
way A-12 where population is now growing. On the oiher hand, the
latter three routes siress the transportation of imports and exports
in laos' trading with foreign countries and no public convenience
nor urbanization can be expected in these routes because the high-

lands on the routes are covered with dense jungle. These routes



thus have their own merits. In the First Phase Report, the route B
vas recommended in the light of the regional development along ihe

route,

Taking a view of construction cost, the routes A and B pass
near the densely populated area and therefore the railway has to be
planned to cross many existing roads wilh grade separation resulting
in the increase in the construction €cos%, 88 given in Table 3,

The other three routes pess relatively hilly area slightly populated
and are selected along the contour line of the ground. The work
quantities of excavation and embankment are not so much accordingly,
These routes therefore give less construciion costs ithap the route

A and B, Among the five routes, the route ¢ is the shortest and
offers the leasi construction cost, and the combined route C.D is
the second least in construction cost, as given in the following
table,

Table 3.2, Comparison of ithe construction costs
on the respective routes of the
extension rajilway

Route Route Construction

" length (Km) cost/1 (uss)
19.8 7,600,000

18.8 5,300,000 lg
16.7 3,900,000
b 19.0 4,300,000
C+D combined 19,2 4,100,000

Remarks:

/1 These construction costs include no indireci costs
such as expense for engineering service, Governments
administrative expense, interest during construction
and so forth,

/2 1In the Firsi Phase Report, the consiruetion cost of
the route B was 3,200,000 U.S. dollars. The differ—
ence accrves from the fact that in the Second Phase
Report the formation level of the railway has been



placed just above the water-level of the 40-year
probable flood so that the railway could never be
submerged during the useful life, whereas it was
planned to stay above the water-level of the S5-year
probable floed in the First Phase Report.

Concerning the location of the Vientiane railway station, it
is located at the site about two kilometers distant from the flour-
ishing area of Vientiane toward the northeast in the case of the
route A, about four kilometers in the routes B and C, and about

seven kilometers in the route I} and C.D combined.

The location in the route A is too close to the present city
of Vientiane and so there is a fear thati ihe station is surrounded
soon with the resiﬁeniinl, commerciﬁl and industrial quarters. 1In
this connection, the other two locations are much better. That of
the routes B and C is greatly convenient for service to the present
city ot Vientione due to comparatively short distance, while that
of the routes I and C-I combined is much advantageous in directing
the future expansion of Vientiaune toward inland or north, though
it is somewhal inconvenieni to the people living in the present

urban area,

The laotian Government has expressed the intention that the
extension railway should be construcied along the combined route
C-I} to locate the Vientiane railway station at the outskirts com—
paratively naway from the present urban area in anticipation of the
expansion of Vientiane toward the station. In response to the
strong desire of the Laotian Government, the construction cost of
the combined route C D is referred io for the study of the economic
evaluation of the project which is made in the later paragraph,

It, however, is pointed out that the location of the station in
the route C also possesses such merits as cannot simply be dis-

regarded. 1t is very difficult at the present moment to choose
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ihe two, the combined route C.D or the route C, The final selection
should be made by the Mekong Committee after some findings are drawn
from the results of the topographic survey of these two routes that

is going to be carried out before long.

3.2.3. VPreliminary design

The preliminary desipgn of ihe access and extension railways was
conducted in accordance with the Design Standards of the lloynl State
Railway of Thailand, from which ihe main articles are extracted in
Table 2.3.

Table 3.3. Main articles exirncted
from the Desipn Standards

Article Description
1. Design speed: Max. 90 km/hr
2. Gage: One meter gage
3. lmil: 80 1bs/yrd. (British Standard)
4. TFastening: Elastic spike

5. ©Sleeper: Timber, 15 x 20 x 190 em hardwood
' Sleeper's spacing 65 cm

6. Ballast: Crushed stone, not bigger than g 6 cm
with ihe hardness not less than

limestone.

7. Curve: Minimum curve, 400 m in radius,
Transition curve not less than 700

times of superelevation.

8. Gradient: In mountain zone not more than 12 o/oo,
in curve 400 m in radius.

In station not more than 1,1 O/oo.

9. Right of way: Both sides, 40 m of width from the

center of track.
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The clearance diagram of railway for track and building 1s

described in Fig. 3.0.
The preliminary design is mentioned below about the following
major items: trnck‘nn@ earthwork, stations, bridges on its route

other than the Mekong bridge, culverts and so forth.

(1) Track and earthwvork

Heils of 50, 60 and 70 lbs/yd are used in the present lines of
the loyal State Hniivay of Thailand but they are toe be replaced by
ruils of 80 lbs/yd in the future. The Northeasi Line from Bangkok
to Nong Khai is of single track of l-meter narrow pgage. Consequently,
the rajiiway to be constructed in this bridge project was decided to
be a single~track line of l-meter mnrrov gage with 80-1bs rails.

The spacing of wooden sleepers will be laken at 65 centimeters and
the crushed stonce for ballast will be laid down by 30 centimeters

thick. The standard cross sections of track are given in PIATE 11.

As for the siandard section of ealhwork, the composite section
will be taken up where the embankment is comparatively high and is
ufien exposed to the menace of disastrous floods, i.e., the Mekong
fine sand will be placed at the inner part of the cmbankment for
the sake of drainage and scundness and the admixture of carth and
sand at the rate of 50 percent each will be spread at its cuter part.
The embankment should be so compacted as to obtain the CBlit-value of
more than ten percent and to ensure the trafficability of the embank-
ment, This composite section is assumed to reduce exceedingly the
adverse effect of the earth that tends to swell when it is saturated

with water,

Where the embankment is comparatively lew, the earth of as good
quantity as pussible should be sought for and utilized as embankment

material, In this section, the adverse effect of the earth is ex-



pected to be reduced to some exient by the ballast of crushed stone

because of low material,

The cutting section is so planned as to be given in PLATE 11,
and consists of two layers of the ballast and sub-ballast to be laid

on the fresh ground coming out by excavetion.

The sub-ballasi 20 or 40 centimeiers thick made of lumps of
laterite will be laid down under the ballast throughout the route '
for the purpose of prevenling the underlying earth from jamming up

directly into the ballasti.

The culting slopes on both sides of the route will he proiecied
with sod facing and the banking slopes with lamps of lateriie dumped

into latticed timber frame or concrete blocks pitched on,

As mentioned before, the formation level of the railway has been
so decided that the reilway could not be submerged by the abnormal
probable flood of 40-year recurrence equivalent to the useful life
of the railway, as shown in PTATES 11, 12, 13 and 14. The maximum
vertical grade and the minimum radius of horizonial curve permissi-
ble for railways are 1.2 percent and 400 meters, respectively. These
limits are what are to be observed in future construction of improve-

ment of the Thai Roval State llailway.

In most cases of the routes selected, the railway passes the
That Luong Marsh. The track construction across the marsh may be
done without any serious difficultiy because the marsh spreads on a

relatively firm ground.

The access highway to be constructed on the Thai soil inevitable
crosses the existing railway line somewhere hetween ithe new Nong
Xhai Station and the existing one., 1In the case of a rail/highway
bridge, the highway is planned to cross the railway with at-grade

intersection. The Geometric Design Stadnards of the Highwey Depart-

o7

o
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ment of Thailand provide that a highway shall be separsted from a rail-
wvay when traffic exceeds 4,000 cars per day with more than six trains
per day. In the case of a rail/highway bridge, the estimated future
traffic in this bridge project much exceeds 4,000 cars per day but the
train frequency of lhe railway line Letween the new Nong hhai Stotion
and lhe existing one will markedly decrease after the project is com-
pleted. Tt is estimated to be at most four times a day, which is less
than six times a day stipulated, beceuse the line may be limited to
the small-scale transportation of freight from Na Tha or the new Nong
Khai Station to ithe present Nong Khaihterminnl.

Consequently, in the case of rail/highway bridge the at-grade in-
tersection can be permitted. MNowever, in the case of a highway bridge
the grade separation has to be taken into account because the train

frequency is naturally more than six times a day in the future.

{2) Stiations

The present railway stetion at Nong Khai is the terminal of ihe
northeastern trunk line of the Thair railway that runs about 600 kilo-
meters from Bangkok., There 1s, however, no facility enough io shunt
cars, and the shunting is now being made at Na Tha Station located
about 6 kilometers south of Nong Khai. Na Tha siation had been the
terminal of the vailway line until ihe extiension line [Crom Na Tha to
Nonpg Khai was completed. As shown in Fig. 31.7. , Na Tha Station is
provided with various facilities of car opermiion, repnir shops and

others which are now in use.

Considering the above fact and other features of the =ite, the
line to reach ihe bridge has been planned, instead of extending from
the present Nong Khai terminel, to branch from the existing line at
& point a little distance of the terminal, where the line curves east-
ward to reach the terminal, and iv is proposed that a new Nong Khai
Station be established there, as shown in FLATE 17. All the passenger
services in the present Nong Khai S{ation will be shifted on to this

new station., 0Due formalities for immigration and customs will be dealt
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with at the immigration office te be provided in the station building
and as for the iransit passengers these services will be carried out
inside the coaches. To carry oul the customs procedures, four ridings
are provided at the new Nong hhai Statign: two in each of the iwo

directions, from Taos to Thailand and the reverse.

The base for the operation and maintenance of trains will be placed
Al Na Tha biation so that the existing useful f{acilities could be nade t

available,

The transportation eof freighi to be broupht to the present Nong
Khai Station can be treated through small-scale train operalion from

Ne Tha Station or ihe new Nong Khai Station.

The Vientiane Station Lo be newly constructed on the Luootian soil
as the terminal of the extension railway has Leen planned, as shown in
FIATE 17, to furnish the immigration office and the custemhouse in
the station building other ithan due facilities to the cperation of
railway, Four platforms will be provided for passenger, freight and

oil Joading purposes,

{3) Bridges and culverts

On the route f{rom Nong Khai te Vientiane, many bridges and cul-
verts shall be built, a&s described in PIATES 15 and 16, to overpass
rivulets and roads or for droinage purpese. In the case of the com-
bined route C+I', iwo flood bLridges, threc overpasses and six culverts

will be built.

In regard to flood bridges, the ihrec-span—-continuous tridge will
be built where'it is relatively high from the pround to the formation
level of the railway, while the simple slab bridge will be considered
where it is not so high. The overpass will be buill as the reinforced
concrete T-beam bridge of simple span. The culverts more than iwo
meters high and two meters wide will be built as the box culvert, and

those less than two meters wide as the slab culvert,
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Fig. 3.6. CLEARANCE DIAGRAM OF RAILWAY
~ FOR TRACK AND BUILDING
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3.3, Ingineering Peasibility on the Access Highway

3.3.1. Generzl

At present, the Asian Highway A-12 runs frem Sara Buri to Nong
Fhai in Thailand and from Tha Naleng to Vientisne in Laes. In order
to link these two parts of the same Highway extending over the two
countries, a bridge’anﬁ its mccess highways are planned to be con-

structed close by the town of Nong Khai.

In this paragraph, a study is made of the engincering feasibility

on the access highway.

At first, a route study was made. As mentioned in the next sub-
paragraph, three promising routes were considered on the sccess highway
on the Thai side. As a result of the comporative study, the second
proposal is most recommendable, in which the access highway starts at
o point on the existing Asian Hipghway about 500 meters north of the
No Tha reilway station in Thailand, and reathes the Mekong bridge with
a length of 5 kilometers. Other than the access highway, the adminis-
trative facilities including immigration office, customhous, warehouse,
ete. are to be established nt suitable places on both Laos and Thailand
for the immigration and custom procedures, and access control is to be
made for the bridge and access highway between the Thai and Laotian

administrative facilities,

In the second place, the preliminary design of the access highway
and administrative facilities was made. There are no technical prob-
lems on the preliminnry design, but a soil-engineering problem +that
the surrounding subsoil where the access highway is to be constructed
tends to swell when it is saturated with water and in the saturated
condition, and this makes it unsuitable for use as embankment material
for highway. As mentioned before, the soil tests were conducted on
the samples taken from different places along the three promising
routes of the access highway, and the results made it clear that the

soil samples had a nature of remarkable swelling when saturated.



Accordingly, the embanlument of the access highway was designed to
obtain stability against swelling by using improved soil. For this
purpose, o soil-cement mix was considered. This problem has not been
satisfactorily solved at the present stage. Further study, should be
made as to the soil-cement mix or soil—sﬁnd mix as an alternative, or
on the investigation of other sources for the embankment material of

good quality, ete.

The route study and the preliminary design have revealed as a
conclusion that there is no doubt about the engineering feasibility

of the access highway including the administrative facilities,

3.3.2. Selection of route

Generally the highway routes depend on the topography anl the
stage of land use in the project area. The topographic survey and
the field route reconnaissance were made to clarify these two points.
As a result, three promising routes were considered for an access

highway on the Thal side. As regards that on the Laotian side, the

route studies were not particularly necessary because the Asian Highway

A=12 to be connected with the bridge runs only about 200 meters away
Trom the river banl.

The three promising highway routes on the Thai side are briefly
described in Chapter II, Paragraph 2,4. and also in Fig. 2.7. “The
merits and demerits of each of these three routes are as given in the
following table.

Table 3.4. Merits and demerits of
the -three highway routes

Description . Merivs and demerits
1. Route length The route of the first proposal is the
shortest as follows:
Pirst proposal 3.4 Km.ll
Second proposal 5.0 Km,

Third proposal 4.9 Km.
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-~ continued -

Description

Merits and demerits

2, Foundation

3., Compensation

4, Convenience

The subsoil where the route of the
first proposal runs does not muke a good
foundation for the highway, because there

are many swampy areas on the route.

As they almost pass through the paddy
fields and shrubby lands, the second and
third proposals are better than the first

proposal.

The compensation for land use for the
first proposal is assumed to be rather high-

er than those for the otlher two proposals.

The first and second provosals give
ensier access to the town of Nong Khai than
the third proposal. The third proposal is
inconvenient because an overpass has to be
built across the existing railway when the
necessity to gain access to the town from

this route would occur in the future.

Furthermore, there is a fear that the
route of the Tirst proposal may run through
the middle of city after twenty or thirty
years due to the expansion of the town of
Nong Khai. The prefectural authorities of
Nong Khai expressed their opinion that a
highway like the Asian Highway should still
be outsige of the town even after a few

decades.,
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- continued -

Deseription A Merits and demerits

Under these considerations, the second

proposal is the best,

5. Relation with other The routes of the second and third

facilities proposals run near the Nong Khai airfield.

The Thei Civil Aviation Department
officially approved to construct a highway
running through the district lying between
the existing railway and the Nong Khai air-
field. DBesides, if the national regulations
provided by the Department are applied to
this airfield, the take-off climb surface
of the runvey has some allowence in height
above the necessary verticnl clearance for

highway as shown in Fig. 3.8,

At the present moment, there is no
obstruction which hinders the construction
of highway and railway along the respective

routes.

Remarks: /1 Including the length of highway in the area of
the administrative facilities.

As the route of the second proposal is longer than these of the
other two proposals, the construction cost of the highway in the
second proposal is assumed to be the highest among the three pro-
posals, In this respect, the second proposal is the least advanta-
geous, but when comprehensively judged from the above comparative

studies the most recommendable proposal is the second one.
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In the case of a rail/highway bridge, the access highway in the
second proposal will be planned to take & curve toward the direction
further from Vientiane after approaching and crossing the bridge over

the Mekong from the Thai side, to aveid grade crossing with the railway,

3.3.3. Preliminary design

The preliminary design was made of the access highway and the
administrative facilities in sccordance with the provisions of the
"GEOMETRIC DESIGN STANDARDS FOR TWO-LANE PRIMARY MIGHWAYS (RURAL)"
of the Highway Department of Thailand. The American Association of
State Highway Officials' Standards and the Japan Highway Standards

also were used as supplementary guide.

Table 3.7 shows the extraction of the main articles of the de-
sign standards of the Highway Department of Thailand mentiioned above,
and Fig., 3.9. gives the clearance diagram ndopted for the design of

the access highway.

3.3.3.1. Access highway

The Asian llighway A-12 in both Laos and Thailand is a two-lane
primary highway. The access highway has been therefore designed as

a two-lane primary highway as well,

The shape of the cross section that was adopted for the access
highway is the same ns that of the existing Asian Highway s described
in PLATE 18 and outlined below.

Roadway: Tm. wide with two lanes
Shoulder: 2,.5m, wide each
Cross-grade: 25 at roadway

3 % at shoulder
Side slope: 1 to 1 for cutting
2 to 1 for banking



The longitudinal grade depends on the topography along the route
of the access highway. As the topography is generally flat or gentle
here, the access highvay is elmost level., The longitudinal grade is
confined te four percent at maximum as stipulated at the terminel
part of the access highway joeining with the Mekong bridge. On the
route, the longitudinal grade as gentle as one percent is seen only

at two places.

A curve or a radius of 500 meters is adopted for the design of
the access highway on the Thai side and a curve of a radius of 110
meters for that on the Laotian side due to the circumstance that the
existing Asian Highway to bLe connected with the bridge runs only about
20C meters away from the riverside. At present it is possible to
increase the running speed up to 120 kilometers per hour on the ex-
isting Asian Ilighway A-12, but the speed limit enforced at present is
80 kilometers per hour. If the design speed for the access highway
would be Tixed at B0 kilometers per hour, the minimum radius of the
curve would be 420 nlet,ers[l on condition that no roadway supereleva-
tion is provided. This is the reason why the curve of a radius of
500 meters has been adopted for the design of the access highway on
the Tiai side. For +the access highway on the Laotian side, the
design speed is decided as 50 ]cilome'tmrség per hour taking six per-

cent for the rate of roadwny superelevation,

No widening of pavement is needed on the highway curve with a
radius of 500 meters on the Thai side, while the pavement on the
curve of the access highway with a radius of 110 meters on the
Laotian side should be widened by about 0.5 meter to muke operat-

ing conditions on the curve comparable to those on tangents.

[l In this calculation, a value of 0.12 was taken for the side
friction factor,

/2 In this case, the side friction factor was regarded as 0.14.
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The formntion level of the access highway is placed at elevations
higher than the elevation'of 167.5 meters above mean sea level so that
the access highway could not be submerged at the time of occurrence of
a 1l0-year probable flood-of the Mekong. The reason why this magnitude
of flood has been adopted in deciding the formation level of the access
highway is that the existing Asian Highway on the Laotian side partly
gets submerged and fails to meintain its required or expected nction
when a 10-year probable flood or more would happen on the Mekong near

the project site.

The cross section of the access highway is decided as shewn in
PLATE 18, taking account of the unfavorable nature of the soil in the
district along the route on the Thai side. Namely, as mentioned in
deteil in Chapter II, the subsoil in the district where the access
highway is expected to be constructed on the Thai side is not suitable
for use as an embankment material for highway construction because it
tends to swell when saturated with water. Besides, the so0il test re-
vealed that the said soil had a considerably high shearing strength
in the state of the optimum water content, while once the soil is
saturated with water its shearing strength rapidly falls to almost

nil.

The cross section of the access highway has been determined on
the basis of the above findings. Tor the cutting section on the
route, the roadway consists of three kinds of courses for pavement
on the rondbed, i.e. 5-centimeter-thicik cold mix wearfng course,
15-centimeter~thick base course and 30-centimeter-thick subbase course.
The shoulder consists of 20-centimeter-thick soil-cement layers for
stabilization. For the banking section, the roadway is almost the
same as that of the cutting section. The pavement is composed of
the three courses mentioned above., Different from the composition
of the roadway for the cutting section is that the subgrade is pro-
vided under the pavement. The subgrade is to be banked up with the
surrounding subsoil of good quality on the roadbed in the state of

the optimum water content to obiain the possible highest shearing



strength, The shoulder, 2.5 meters wide, is treated with soil-cement
mix in like manner. The soil-cement mix treatment aims at protecting
the inner subgrade from infiltration of rainfall and flood water and

keeping the subgrade in the state of the optimum water content perma-—

nently,

The values of the modified CBRZL for each course of pavement and

subgrade are as given below.

Table 3,5, The values of the modified CBR
for pavement and subgrade

Modified CBR

It !

em 30)
1. Base course, 15 cm. thick 30 to 90
2. Subbase course, 30 cm. thick 20 to 30
3. Subgrade 5 to 10

'te erushed stone 1s usually used to proviae the three

courses of pavement. It, however, is hard to procure near the pro-
ject site about 45,000 cubic meters of crushed stone required for the
constiruction of the access highway. It may be more advantageous to

make use of the river sand and gravel as they are. When malking detailed
field investigation before commencing construction work, it is indis-
pensable to investigate as to whether or not the river sand and gravel
of the Mekong can be used for the wearing, base and subbase courses

in conformity with the above CBR-values with adequate mixing ratieo of
sand and gravel. If they are found to be not suitable, some other

measures will have to be taken to secure the crushed river gravel,

/1 ‘The modified CBR test is stipulated in the Japanese Industrial
Stendards.
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or to reinforce the river sand and gravel by adding poor cement milk

or to scek other sources.

Mentioned below is the at~grade intersection adopted for the
access highway crossing the existing railway on the Thai soil in
case that the bridge is & rail/highway bridge. The access railvay
to be extended Lo Vientiane across the Mekong is planned to branch
of f from the existing Northeastern trunk line of the Thai Royal State
Railway at a point about 120 meters on the side of Na Tha from the
rlace where the existing line begins to take a curve eastward to
reach the Nong Khai railway siation. The new Nong Khai railway
station is to be built at this branch-off point. Consequently, the
line lying between the existing railway station and the proposed new
railway station will become a branch line in the future, and the
train traffic will decrease largely. It is estimated that the number
of trains will amount to only four of freight trains each day.
The access highway is planned to cross the railway at some place on
this line between the two stations. According to the provision
stated in Item 3 in Table 3.7., it is not necessary to design thé~

access highway with grade separation at the said place.

In the case of a highway bridge, the access highway is designed
with grade separation because the train frequency is expected to ex-

ceed the limit stipulated in the Tuture.

In the last place, the capacity of the access highway is fipured
out. Generally, three kinds of highway capacity are considered :

basic capacity, possible capacity and practical capacity.

The basic capacity means a possible capacity for ideal roadway
and traffic conditions, which is estimated at 2,500 cars per hour for

the two-lane primary highway with the roasdway 7 meters wide.

The possible capacity is defined as the maximum number of

vehicles that can pass a given point en = lane or roadway during
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one hour under the preveiling roadway and tfaffic conditions, re-
gardless of their effeet in delaying drivers and restricting their
freedom to maneuver. The difference between basic capacity and
possible capacity is amccounted for by the effects of the prevailing
readway and traffic conditions. The possible capacity is the pro-
duct of the bhasic capacity by the capacity reduction factors due to
composition of traffic and restrictive lateral clearances. Composi-—
tion of traffic is normally expressed as the percentage of tracks
during the period of the future design hourly volume (DHV), Yor
the access highway of this bridge project, the percentage of trucks
approximates 10 25 percent and the capacity reduction factor due
to composition of traffic is estimated at 0.80. The capacity re-
duction factor due to restrictive lateral clearances is l.OOLl
because the wider shoulders are provided on both sides of the road-
way for the access highway. Consequently, the possible capacity 1is

2,000 cars per hour.

Practical capacity represents the maximum number of vehicles

that can pass a gaven point on & lane or roadway during one hour under

the preveiling roadway and traffic conditions, without unreasonable

delay or restriction to the drivers' freedom to maneuver. The practical

capacity is estimated to range from 9C0 to 1,200 cars per hour for the

two~-lane primary highway,

The design capacity is defined as the practical capacity or
lesser value determined for use in designing the highway to accom-
modate the design volume, Where itraffic flow is uninterrupted,

practical capacity and design capacity have essentially the same

meaning and are equel numerically. Consequently, the design capaci-

ty for the access highway has been made equal to the practical

capacity.

/1l TFor the highway on the bridge, this factor is estimated at 0.85
because clearance from pavement edge to obstruction becomes 0.5
meter on either side of the pavenent,
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When the aforesaid possible capacity of 2,000 cars per hour is
computed on a daily unit, the value is estimated at about 17,000 cars
per day, taking the rate of conversion of 0.12., On the other hand,
the annusl-average daily traffic (ADT) is roughly estimated at about
14,000 cars exclusive of motorcycle after the useful 1ife of 40
year 1 in the case of a rail/highway bridge, from the results of
the origin-destination survey executed at site. In the case of a
highway bridge, it approximates to 18,000 cars per day exclusive of
motorcycle. These .two figures suggest that 1ihe access highway
and the bridge are nearly serviceable to traffic during the period

of their useful life of 40 years,

3.3.3,2. Administrative facilities

The Nong Khai/Vientiane Bridge is an international bridge to be
built across the Mekong forming the border between Laos and Thailand.
All the traffic on the bridge are therefore requested to go through
due formalities for immigration and customs. For this purpose, the
administrative facilities will be provided at appropriate places on

either side of the Mekong as shown in PLATE »

The facilities inelude immigration offices, customhouses, ware-
houses, booths to check for immigration and customs or to collect
tolls i? necessary, and 'so forth, The layout of these facilities
is planned in PLATEs 22 and 23. lhe administrative facilities to be con-
structed on the Thai side require an aren 110 metors by 570 meters
and those on the Laotian side require an area 180 meters by 550
meters. The highways in the area of the facilities are to be paved
with asphalt in the same way as the access highway. Two warehouses,
20 meters by 100 meters each, are provided on the Thai side, and two

varehouses measuring 20 meters by 140 meters and 20 meters by 60

/1l It indicates the year of 2012 if the bridge is opened to traffic
- in 1973,
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meters respectively on the Laotian side., Two warehouses on each side
will have double accommodation capacity of the existing warehouses in

the car ferry at The Naleng.

The. traffic volumes of the bridge are estimated as follows, and

are also given in the later paragraph.

Table 3.6, Traffic volume

Traffic Volume (Vehicle/day)

Calendar
Year ail/highway bridge Highwry bridge
1973 1,000 1,400
2000 . 10,000 13,000
2012 14,000 18,000
Remarks:-

{1) No motor;yc]e is included in the ebove traffic
volumes. ‘

(2) These in 2000 and 2012 are estimoted very roughly.

{3) At present, the bridge is scheduled to be apen for
traffic in 1973, ‘

(4) The bridge is assumed to be durable for use until 2012,

To handle such traffic voiumes, at least five booths will be
required in 1973, thirty-five to fbrty-five in 2000 and finally
fifty to sixty are necessary in 2012 vhether it is a rail/highway
bridge or a highway bridge, assuming an average handling time is
five minutes per vehicle for due formaiities for immigration, health
and cusféms and 288 vehicles are to be handled per booth per day.
However, to avoid any delay which may occur in the facilities, ten
booths are to be provided in 1973 in the respective administrative

facilities on both the Laotian side and the Thaei side: five each
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for incoming and cutgoing flows respectively. The administrative
facilities also are so designed as tu secure ample space for ihe

boolhs Lo be increased stage by stage in the fuiure,

Another problem that musi be settled is that ithe traffic in Laos
keeps io the right vhereas in Thailand it keeps te 1lhe left. It is
nol difficult to make some special arrangement te effect the change-
over of the left and righi. It has only Lo provide an inlerchange on

either laotlian on Thai side.

It, however, is forecasted that the traffic over the bridge can
not always flow smooibly in an interpational bridge like ihe Mekong
bridge because it iakes much time tv clear the necessary formalilies
for eniry and exit. 1In other words, the interchange does not seems

Lo fully display its function in an international bridge like this.

It is coensidered econumical to earry out a change-cover with at-
grade intersection on the site of the administrative facilities in
either Laos or Thailand. In this report, the layout of the individu-
a#l building in the administrative facilities hus been drawn up io
carry out & change-over with st-grade intersection and to avoid the
congestion of iraffic as much as possible. In order Lo find ocut tLhe
method of ihe change-cver, the following twe cases are conceivable:—
one is that the traffic on the btridge keeps to the right and the cther
is to keep to the left on the bridge. In the former case, the change-
over will bLe carried out in ihe territory of Thailand and in the
laiter case on the ierritory of Laos. The layocut plans of the admin-
istrative facilities for the two cases are described in PLATEs 22 and
23. According to the comparative studies made on these two layout
plans, the construction cosl hardly differs from each other and the
places where the heavy traffic congestion would happen due to at-
grade intersection arec numerically almost the same. Consequently,
it is very difficult to discuss the comparative merits of the two

cuases.



Nevertheless, if it is compelled to choose between the two, the
former case that ‘the traffic on the Lridge keeps to the righi seems
io be preferable in so far as the administrative facililies shown in
FILATEs 22 and-23 are concerned. The reason is that the former case

gives less traffic-congestion points than the latter case, as shown

in Fig. 3.10,

In view of the above fact, it is recommended in this report to

take up the former case for the final solution to the change-over

problem.



Fig. 3.8. RELATION BETWEEN THE TAKE-OFF CLIMB SURFACE
OF THE RUNWAY AND THE NECESSARY VERTICAL
CLEARANCE FOR THE ACCESS HIGHWAY
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Remarks
L1. The right of way for railway is 40 meters on both sides of its center line.

L2. The right of way for highway is 30 meters on both sides of its cenfer line.

In this case, it overiaps with the right of way for railway by the width
of 20 meters on one side.




Table 3.7. Geometric design standards for
two-lane primary highways (rural)

1, Contrbl of access:; when daily traffic over 3,000.
2, Highway crossing at grade acceptable.

3. Hailroad crossing: Separate when traffic exceed 4,000/day
with & or more trains per day.

Automatic signal is required when Lhe
highway traffic x trains per day ex-
ceeds 3,500,

4. Design speed: 80 - 100 km/hr.

5. Maximum gradient: 4 v,

6. ltight of way: 60 - 80 m.

7. Clearance: See Tig. 3.9.

8. Others

.

Tiem Class 1 Class 11 Class I1I
Annual equivalent 8,000~4,000  4,000-1,500 below 1,500
average daily traffic ' ! ! ' !
¥idih of pavement {m) 7.00-6.50 7.00-6.00 6.00
Width of shoulder {(m) 2.75-2.50 2.50-2.25 2.00

Source: Highway Depariment of Thailand,

1175



Fig.3.9. CLEARANCE DIAGRAM OF THE ACCESS HIGHWAY
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This is a modified clearance diogrom adopted for ihe

design of the access highway.

Madifications were made an

the clearance diagram of the Japan Highway Standards, taking
account of the figures designafed by the Highway Department

of Thailand.




Fig.3.10. CHANGE—OVER BETWEEN THE LEFT AND RIGHT
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3.4. Construection I’lan

Generally, Southeastern Asian projecls are much alfected with
the monscon peculiar te this region. This bridge project is also
not exceptional:. The construction works are often disturbed with
heavy rains in rainy seasons and are subjected to the sweltering heat

of the sun in dry seasons.

The construétion plan of the bridge project should therefore be
formalized to conform to such local climate conditions. The construc-
tion time schedule glfen in Tig. 3. 11. has been prepared under such
consideration. The works will be executed concenirically to make
remaritable progress iﬁ dry seasons, exacily speaking, in the period
from November to Afril in the next year. The actual consiruction of
the projeci will require two years and the preparation period from the
detailed design of the project to the decision of a successful bidder

or bidders will take about one and half a year.

The substructure of the main truss bridge 720 meters long com-
prising a total of-elevcn piers and caissons will be constructed in
two dry seasons, out of vhich six ones will be completed from the
Thai side in the first dry season and the rest five in the second
dry season from the Laotian side. 1In sinking pneumatic caissons into
the ilekong, such methods that caissons are made on the land beforehand
and are carried to site by boat should noet be taken because the waler
level is too low for boats to pull caissens on the lekong in dry
seasons. The most recommendable method is that artificial islets
should be provided at egch building site of caissons by making
coffers with steel shect fiies and filling up inside with the Mekong
fine sand, and then caissons should be essembed on the islets and be
sunlt into the river-bed. A temporary bridge should be constructed
across the Mekong.to carry construction materiels, machinery and
egquipment to the islets., It, however, is impossible to connect
Laos with Thailand with this bridge because the regional navigation

on the Mekong should not be obstructed during the construction period.



Namely, some open space has to be provided on the Mehkong for navipga-
iion.

For the erection of the superstructure of the main truss bridge,
it is advisable to take such a method as to furnish a pertable crane
running on the upper chords of the first span on the They side that
will be erected by means of a stitf-crane, and to push forward like

cantilever the trusses assembled.

" There 1s nothing to be specially mentioned for the construction
of the railway, but no ballast material of high quality can be found
in and around the project area. 1t may be supplied from Sara Bur:i.
In this case it should be transported to Laos during rainy seasons by

the car ferry.

As ftor the construction of the highway, 1t is desirable to finish
the embanlkment work about one month before a rainy season begins, so
that the embankment material might not swell due Lo infiltration
ol rainweter. As mentioned before, the embankment material obtainable
near the highway route on the Thai side has an unfovorable nature that
1t remarxably swells when saturated with water. But 21 15 very good
for use ns embankment material in the siate ot the optimum water

content.

The temporary construction facililies should be furnished on beth
banks of the Hekong near the bridge site for the sake of convenience.
As such facilities, temporary camp buildings, power supply system,
vater supply system and so on are considered. TFig. 3.12. shows an

example for the location of these facilities.

At present there is no power supply facilities available for
construction on the lLaotian side near the bridge site. On the Thai
side, abundant electricity can be fed at present by the Pong Neeb
power station and in the near future can be supplied from Nam Ngum

power station, too.



The aggregate planis should be so capable as to collect the
Mekong sand and gravel during a idry season as much as the sand and
gravel could cater for the conerete to be required in the following

rainy senson as well as that 1o be required in the dry season.

Two different means of transportation are available for the
construction mechinery, equipment and materials wvhich are to be
imported from foreign countries for the bridge project, i.e., the
Asian Highway and the north-castern trunk line of the Royal State
Railway running about 600 kilomelers from Bangkok to Nong Khai.

At the present moment, there is no bridge on Lhese two routes to be
strengtheﬁed for the transporiation, but the exisiing Mong Khai Station
should be strengthened in many aspects, UIspecially it should be

equipped with large gantry cranes and sufficient unloading yard.

The foreign construection machinery and materials to be required
for the construction of railway, access bridges and part of the main
truss bridge on the Laotian soil should be carried by the ear ferry
from Nong Khai to Tha Naleng and ihence to the construction site,
especially in rainy seasons because the capacity of the car ferry

remarkably drops in dry seasons.



3.5. Constiruction Cost

During the first and second phase investigations, n survey was
made, mainly in Vientian-Nong Khai area, on the cosls of various items
such as materials, labor and freipght, by which the construction cost

will be broken down.

Based on the results of the survey and the work quantities
estimated from the preliminary desipn, the construction cost has been
estimated for the case that the Mekong bridge 1s construcled as a
rail/highway bridge, as given in Table 3.8. The construclion cosis
are broken down by principal items of cost and are given in U, 3.
dollars including costs that shall he required in local currency.
Duties and taxes are not included in the estimation, and such exchange
rate that one U.S. dollar equals ito 20.5 Bahts or 500 Kips has been
taken into account. The unit prices talten Tor the estimation have
been carefully prepared, taking into consideration a rise in prices

in the future.

The total construction cost has been estimnted at 20,000,000
U.8., dollars equivalent for ithe case of a rail/highway bridge in this
repert as shown in Table 3.8., whereas it was 15,100,000 U.3, dollars
equivalent in the First Phase lepori. The difference between the
two mainly results from the following reasons : (1, the idea of common
use of a lane of two-lane roadway and a sinple-~track railway proposed
in ihe First Phase Report is abandoned and the total effective width
of the bridge has been widened for the purpose of separate use of
them in the Second Phase Report, {2 pneumatic caissons have been
adopted for the foundation of piers this time whereas in the First
Phase Report the foundation of a simple footing type was considered,
{3) such measures as to cope with an unfavorable natlure of swelling
that the embankment material prevailing in the project area possesses
have been taken in the construction of the highway and railway, as
given in PLATHs 11 and 18, and (4, such administrative facilities as

to give smooth stream of traffic have been considered on both Laotian
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and Thai sides, as illusirated in PLATEs 22 and 23.

Out of the above four reasons, the ihree reasons (i), {3) amd
(4) are common to the three bridge sites, Nong Khai, Vientiane and
Pa Mong. The reason (2) may not be common between Nong Khai and Pa
Mong, and between Vienliane and Pa Mong. lven if it 1s not common
each other, it little affects within the limits of ten percent the
annual cost that is estimated from the tlotal construction cost and as
a result it is stressed that Nong Khai site still takes precedence of

the other two sites.



Table 3.8.
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Construction cost

(In the case of a rail/highway bridge)

Construction
Item Cost (USS) Remarks
1. GOVERNMENTS' PREPARATORY
YORKS 1,000,000
1, Construction facilities 400,000
2. Land and rights 600,000
II. MAIN CONSTRUCTION WORKS - 13,500,000
1. Bridge (6,200,000)
(i) Steel truss bridge (5,400,000} 720 m. long
Superstructure 2,600,000
Substructure 2,800,000
. i /1 /1 i .
(ii) Access bridges 800,000 ~Including plate girder,
composite girder, rigid
X frame and hollow slab
2. Illighway (2,200,000) bridges
(i) Access highway 1,000,000
{ii) Administrative facilities 1,200,000
3. Railway (4,900,000}
{i) Access railway 800,000
(ii) Extension reilway 4,100,000
4. Permanent residential buildings 200,000
11T, ENGINEERING SERVICE 1,300,000
[V. GUVERNMENTS' ADMINIST'RATIVE
EXPENSE 800, 000 6% of (1) and (I1I)
V. CONTINGENCY AND RESERVE 2,300,000 16% of (I} end {11)
VI. INTEREST DURING CONSTRUCTION 1,100,000 6% of (I} to (V)

Total

20,000,000
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Fig. 3:12. CONSTRUCTION  FACILITIES
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3.6, Economic justifaicabion

3.6.1. General

lhis paragraph containsg the economic justification of the project in
case it 1s u rail/highway bridge. lhe benefit-cost ratio and cupltalized
net benefit have been finully calculuted Lo make the economle evuluution
nfter the estimation of the future ¢raffic volume, valuation of the benefits,

and calculation of the annual cost have been cunducted.

First of all, the basic future traffic volume, which would form the
basis of calculation of the benefits, wes estimated under Subparagraph
3.6.2, assuming that the toll rate egqual to th. current ‘erry charge would
be charged. Ihe actual traffic volume rs liable te change according to
the toll rates determined. After studying how to estimate from the basic
future traific volume the actuul future traffic volume which would be af-
Iected by the actual toll rates applied, » formula nas been made [or ob-

taining the wctual future traffic volume.

Explanations are given under Subpuragruph 3.6.3 on direct benefits,
Birect benefits include the savings in the cost and time of travel, econo-
my in car operation, inerease in carryving capucity, less chance of acecil-
dents, comfortable traveling, etc., but ounly the time benefit und the
operation benefit have been tuken inic consideratlon in the calculation
of direct benefits. Again, the unit benefit was obtained for the calcu-—
lation of the amuunt of benefits. IFhg wnat benefit is the difference
between the traveling time and vperating costs when the existing ferry
is used, and those when the bridge is used. f(his unit benetit has been
obtuined for each traffic component such as buses, persovnal cars, tuxls,

heavy trucks, light trucks, railway {reight and railway passengers.

In Subparagraph 3.6.4, the annual benefat wvas caleulated. [he
future traffic¢ will change its volume according to the toll rate, and
the benefits too will change consequently, Therefore, the toll rates
which should be adopted were determined under this subparagraph. lhe

annual benefit is obtuined by multiplying the traffic volume for the



adopted toull rates by unit benef1it., In order to calculate the capit-—
alized net Lepefit, the annuanl benefit was capitalized to the totul

presenl worth as of 1973.

he annual cost was culculuted’undér Subparagraph 3.6.5. The
annual cost comprises the annual fixed cost and the annual working
expense, and was estimated as shown in [able 3.21. Agsnin, the capit-
alized cost as of 197) was calculated for the purpose of calculating

the cupitalized net benefit.

The benefit-cost ratio and capitalized net benef:t were calculated
in Subparagraph 3.6.6., [his can be used as reference when comparing the

advantage and disadvantage of a highway bridge and a rail/haghway bridge.

In Subparagraph 3.0.7, the 1aternal raute of return was culculated,

the value will be checked 1f the rate is sufficiently haigh us compared

with nermal international standards,

Though not inecluded in the calculation of the aunual benef1iti, Lhe
indirect benefits, which the project might bring about, are explained

under subparagraph 3.6.3.

In Subparagraph 3.0.9., the annual costs of a ruil/highway bridge
and the existing ferry, that must improve and 1ncrease its facilities

with the increause of traffic volume in the future, were compared,

129
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is
3.6.2., PFuture traffie

The traffic in the future on the new bridge can be obtained by
multiplying the imaginary initial traffic by the rate of [luture

traffic growth.

“he imaginary initial traffic 1s obinined on the assumption that
the bridge is copened to traffie in 1967, and based on the present
traffic of the preoject area analyzed according to the result of the
origin~destinatien survey of the traffic on lughway, vaterway, rail-

way and airwvay having relataon with the bridge project,

The growth of the traffic in the {uture 1s composed of the
natural growth of the present iraffic and the rapird increase in the
stumber motoring public who will Le incited the construction of a

nevw bridge.

The natural traffie growth i1n general can be estimated 1n rela-
tion to the growth of the gross national product whieh 1s turn 1is
generally influenced by the national production nctivity, because
the movement of people and freight 1s closely related to the produc-—

tion activity in Lhe area concerned. The relationship of the iraffic
volume of the ferry passengers, Ferry [reipght amd the frexght arriv-
ing as Nong Rhai railwey terminal to the gross mational product can
be expressed in linear equations, and these linear equations are
analyzed on the basis of the data gathered from various sources
during the first and secund phase investigntions, The equations are
as shown below,

Ap = =3253,313 + 2,

Ap =24C,743 + 1
Ap -253,750 + 2,555 Py,

I}

(1)

where  Ap ¢ amount of ferry freight in tens

Ap : number of ferry passengers in person

&y ¢ amount of freightl arriving at Nong Khai railway
terminal in tons

IH i @gross national product of the country concerned

=

(in this case, Laos) in U'.5.% 1 million



The 1ncrease 1n the traffic due to a }arge number of the motor-
ing public eould be anticipated as a result of the reduction of the
so-called cconomical disbance of traffic to be made available by the
improvement, which is ihis case, is the construction of the Mekong
bridge. The economical distance in a zonal pair 1s a comparziive dis—
tance between two specified zones to be determined by taking ithe twenty
time and the operating cost of itraffic into account. Such traffic
increase, as mentioned in Paragraph 2.6., can be obtained by means of
the method of CGravity Modelil, and _he rate of increase can be explained
by the following «guntion.

BRI IEF Tt IS B 17N (2}

Tij(0 '

P =
dij(l}

Prom the result of the origin-destination survey, the exponent"b"®

wvas estimated at 1.6229,

Under the basic conditions mentioned above, the imaginary initial
traffic velume, the growth rates and the traffic volumes for 1973 (1
year aflter the compleiion of the bridge), 1990 {18 yvears after the com-
pletion of the bridge) are as given under Table 3.9. in the case that
the toll of the rail/highway bridge is equal to the current charge of

the existing ear ferry.

The traffic for the period from 1973 te 199C will increase at n
certain grovth rate for traffic component such ns types of vahicle,

railway {reight and railway passengers, and the traffic after 1990

]
will increase ronstantly in terms of the number of vehicles each yearL:.

The tralfic of the highway and the railway for each year from 1973 to
20C0 is given as Teble 3.10. As for the estimation of the traffic

after 2000, no traffic growth was considered.

According to Table 3.9., the traffic of the highway per day in
1990 is 4,7C0 cars, which corresponds 1o 6.23 times of the traffic
volume in 1973, while the traffic of railway [reight aml passengers

per day in 199C are 2,60C tons, which corresponds io 4.35 times of

/1 Refer to Walter Isord, "Mathod of Regional Analysis, An
Tniroduction to Regional Bience," John Viley, 1960.

/2 As the value of the annual growth, the value of the average
annual growth for the period from 1967 1o 1990 hns been used.
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Lhe traffic in 1973, and 1,80C persons which corresponds to $.33 times
the traffic in 1973, respectively. The average annual rates of iraffie
growth are 11.4 percent for the highuwey traffic, 9.1 perceal for the

railway freight and 10.4 percent for the cailway passengers.

The traffiec of highway per day 1n 20060 will reach 9,000 cars,

whieh will he 9.29 times of the traftic of 1973. The railway freight

and passemgers in 2000 will be 3,300 tons and 2,700 persons vespectively,

and ihe rate of increase compared with that of 1973 1s 6,38 times for

!
the freight, and 7.38 times [lor the ;mssenqersi—.

The growih rate of the highway traffi1e¢ for the perioed f'rom 1973
to 1990 is expected to be the greatest for the personal cars and the
taxis, and the share of the personal cars and taxis in ihe tolal
traffic will rise [rom 43 percent in 1973 to 00 percent in 109D, On
the conlrary, the expected prowth rate of the heavy {rucks for 1he
perrod from 1973 to 1990 is #.4 percent, and its share of 3C percent

in 1973 af ithe total traflic 1s expected Lo drop to 19 percent 1n 1990

[Furthermore, it 1s necessary Lo study the relationship betlween the
traffic and the bridge toll, because the traffic largely varies due to

the variation in the toll charge of bridge.

ienerally, the relationship beiween the traffic )} and the tralfie
expense C is shown in the following equation.
0= ® (¢
The relation between the traflic and the bridge toll, nlso can be

expresed as {ollows in like manner.

. C..
i FG_JJ_)
~1f Cif
wvhere Qif : the traffic of i traffic component is the case of

a toll bridge that the 1loll is set equally to the
current ferry charpe.

i, ., ¢ the traffic of i trafliec component for the toll j
ij .
of the bridge.

/1 These growith rales are not overestimrted values when compared with
the rate of the traffic growth of 5.54 times betlween Udon Tham
and MNong Nhax for the period of 1962 1o 1966 according to the data
given by the Jdighway Department of Thailand.
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C i the bridge toll of i traffic component equally set
to the current ferry chargpe.

C.. : the toll j of the bridge of 1 traffic coumponent.

ij
And C.. .. C. 0.,
when —-b = 1, -(-l-u- = 1, when *(—1—‘1 = (, r_]_i = @, {extreme value
Yir i of 4ir
c . J. .
nidd when —-3-‘1 = oo |, e 1 . 0
C. 9. .
if “if

From the above conditions 1t follows:

C..
S 1- /1
—Ar. . a if
u,
“if i
C..
1- 1L
) = ) Cif
ij o~ oYirt « (3
i
fL This formula is led as follows.
a. . C .
S o o el
1 1, L S c ..
~if 11
\.i = F (:\i ;
when Xi =1, ¥, =1, whcn_,\'i = 0, Y. =a nid when _‘(i =Co Yi =C
From the above 1t follows that Y; = # lKi) is the exponential

funetion, which can be expressed as [ollows,

bX4

Yi = A . P (.‘(1'1 (i:'
from Xj =1 and ¥ =1, belog A + log T (X} = © 2]
from X, = Oand ¥ = a , loy i?i{.‘{l} = log oy {3,
from (3} l’i(xi} =a, (4]

belog A+ log @, = 0
A e 4 (5)
x
1
from (4] and (95) C
' 1 X 1-%; 1-(-6%1)
‘1 =4 ( P ) - G']_ = al = ai_ 1{‘
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The coefficient of wvariation a; can be expressed in the form

of the following equatilon according to the data of highways in Jupan.

. C + Q, I"‘i
" lll___ ir 1 (4)
()

if ir

where Cir operating cost

e

C. 3. current ferry chuarge

1S : coefficrent

From the equation (3), the traffic gif is figured out and shown

mn rable 3,10.

The corfficient of traffic variation a; 1s estimated from
following three items as given 1in luble 3.13.: (1) the current ferry
charge, (2) the operating cost obtained by the survey of the project
areag and (3) the coelflicient Ki calculuted on the basis of the values
obtained for several toll roads released for iree in Japan shown 1n
Tuble 3,11. Tlherefore, the traffic QlJ fur the bridge toll Clj is
obtained by putting the above two values, Qif and a,s into the
equation {3). The relation between Cijfclf and ij/ﬁif is shown in

Fig. 3.13., and the traffic for each bridge toll is given 1n Fig. 3.14.

The respective traffic of 1973, 1990 and 2000 in the case of u

non-~toll bridge is shown in Table 3.14.
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Fig.3.13. RELATION BETWEEN Qij/Qit AND Cjj/ Cys
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3.6,3. Direct benelit

I'he direct benelit conprises snvings in the cost and tume of
travel, economy in car operation, 1ncrease 1n carrying capncity,

less chance of accidents, confortable traveling, and so forth.

The benefits from less travel time and tie saviug in the
cost of cor operntion are called the time benefit aud the operation
benelit, respectively. Vhile these two benelits can by estimated
reasonably to sowe extent, the éther beue{its cannot be evialuated

even in o rough estinate.

In thns project, ounly the twme and aperation benefi1ts are

considered in estimeting the direct beuseflat.

Totul benefit 1s obtained by nultiplying the trottic volume
by the benefit per unit of tratfic volume,

As mentioned in Paragraph 2.6., the benefit per unit of tratifie
volure comprises the operntion benefit und the time benefit in a

“zonal pair, snd ean be conputed us follows:

B= (Cop = Cy) =afly =Ty}

The averrge henel1t B per unit of traftic volume cun be
obtained Urom the following forawula as un average of the benetit

per vait of traffiec volume of each suonel pair.

where 34 @ traffic volume between bwo zones, 1 and |

Bjy ¢ the benefit per unit of traffic volume belween
two zones, i and j

The average benefit per unit of traffic volume is obtained as

"

given in Table 3.16 on the basis of the basic duta shown in

Tauble 3.15



The benefits per Cay for 1972, 1990 and 2000 respectively in
case the bridge toll is set equally tu the currenl charge of the
existing car ferry arc obiuined by sultiplying the bemefit per unit

of traffic voluwe gaven in Table 2.206. by the iruflic per Jday shown

in Table 3.9, and these velues shuwn in lalble 3.17.

fhe basic annual benefit ts obtnined by sultiplying the average

Lenefit (B) per unit of itraffic velune by the itraffic volumes (vir)

given in Talle 3.10. and further uultiplied by 365 duys. The results

are as given in Pable 3.14.

(ne albove benefits tiwe outained are estinate Lo ve aciually
¥

much wore values by the folloewing iwe reasons.

i) The Hekony gets shailow in tue dry seasons, and the ferry port
on the Luotian side of the fesry runming beiweca Nong Khai and
Tha YNaleng 1z moved to The Jeun waich 1s 2 kilometers downsbream
from Tha Nalenyg. This inevitably wakes the ferry route lenger
with exira anount of Lravel tinme and reduced musber of wrips.
As a dry season lasts for ¢ nonths from January to April, the

benefits receivable fron the bridpe for this period will be

correspondingly large.

Li) Daumge to transported comavdities during trensshiprment and

theft can Le prevented.
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{1) Dislance of zonal pair

Table 3.15.

/

Hasic datas for the estimation of operation and time

145

benefits

it

(Unit: km)
Vientiane Vientiane Vientiane Vientiane Tha Deua Tha Deua Tha Deun
Zonal pair Tha Bo, Sri ~Nong Khai -Nong Khai -Uden ~Nong Khai -Nong Khai  -Udon
. Chieng Mai station station Hemarks:
Uxisting route 80.6 20.5 22.7 76.6 3.4 5.6 59,5 {1} The charge for vating time of taxi per hour in
New route 80.8 20.7 22.9 76.8 5.4 7.6 61.5 Laos 45.4 Khips was taken as the benefits of
versonal car and tax) per heur, and the benefit
of bus per hour vas obtained by multiplying the
vaiting-time charge of taxi per hour in lacs
2 i .
{2) Travel times und expenses 45.4 Kips by the ratio of the riding efficiency
of bus 14 persons per car to that of taxi 4
Operatin Speed per Charge for daiting
Vehicles CESL « hzur F ferr; Lime ? persons per car, and then converted into a Baht
{Bahts/km) {km) {Bahis) (hours) basis.
Small-sized buses 0,98 T2 40 0.5
! (2} The charge of heavy truck per hour in Thailand
Iarge-sized buses 2,49 72 195 0.5
L 8.3 Bahts was taken as the henefit of heavy
Taxis and personal cars 0.67 80 40 0.5
- truck per hour, and the benefit of light truck
Heavy trucks 1.92 72 110 0.5
per hour was obtained by multiplying the charge
Light trucks 0.88 T2 57 0.5
of heavy truck per hour 8,3 Bahts by the ratio
of the riding efficiency of light truck 0,25
ton per ear to that of heavy truck 2.69 tons
(2} Travel times and expenses for passengers and freight per car,
Travel Charge Time bpeed harge waiting R .
expenses for handling for handling per for ferry Sime {3) The benef1t of freight per ton per hour was oh—
Itens per km tBahts/1on) {hours) hour  {Bahts/ton tained by dividing the benefit of heavy truck
Nong  Ferry  Nong Ferry a1 Bahtef . . dine of
lhts Kha i cite Nhas cite (k) person) (hours) per hour 8.3 Hahts by the riding efficiency the
sta. sta. benefit per 2.69 tons per car,
Pas<engers Ly passenger ferry 0.14 - - - - 72 5.0 0.3
{4} The mean value of the waiting—iime charge of taxi
Fassengers by car ferry 0,22 - - - - &0 13.0
“ per personr per hour (0,46 Paht and the national
Freight by car ferry 0.45 12.0 - 3.0 - T 17.0 .5
inceme per person per hour in Thailand 0.95 Baht
Freight bv passenper ferry .45 12.0 17.0 3.0 3.0 72 5.0 0.5
- was taken as the benefit of passenger per person
per hour. The national income per person in
Tharland is 2,784 Bahts per arnum,
(4) Unit time benefit
(5) The exchange rate
Vehicles Calculations Benefit per 1 haht = 24.5 hips
hour {Bahts)
Buses {45.4 hips/24.5 Kaps/Baht) x (14 persons/car/4 persans/enr} 6.50
Personal cars 45.4 hips/24.5 Kips/Haht 1.85
Taxis 45.4 Kips/24.5 haips/Baht 1.85
L]
Heavy trucks 8.30
Light trucks 8.3 Babits x (0.25 tonfcar/2.69 ton/car) .77
Freight 8.3 Bahts/2.69 tons 3.10
Passengers (45.4 Rips/24.5 hips/Rakt}/4 persens = 0,46 Babt
(2,784 Balts/365 days)/B hours = .95 Baht
(0.46 Bzht + 0.95 Hahi)/2 . 0.71




Table 3,16,

Benefit ver unit of traffic volume
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Smail-sized Large-sized Personal
buses buszes cars Taxis Reavy trucks Light trucks Motoreycles ?ai}::{ g:::::zera
Zonal pair Houte Operat— Travel! Operat— Travel Operat- Travel Operat- Travel Operat- Travel Operat- Travel -
N o)
ing cost time ing cost time ing cost tame ing coat time ing cost time i0g cost tie iz;r:tn:t ’:;-:I:el QPemt-t {Tewel (i)pemt:t '{li-::el
(pabis) _(hrs) (lants) (ws) (hte) (brs.) Qnhis) Gorse) (sahis) (hrs.) (iehea) foon, 2%, (hrs.) _(aahts) (bra.) (Bents) (hese)
. .62 ) 94.0 1.51
Vientiane Existing route 119.0 1
~ Tha Ba, New route 79.0 1.12 54.0 1.01
fh"‘. Chieng Difference 40.0  0.50 40.0  0.50
1
Nos. of car 1 1
Existing route 246.0 0,78 53.4 0.73 53.4 0.75 148,4 0.78
Vientiane
- Nong Khay New route
Station Difference
Nos, of car 3 19 13 94
Existing route 251.5 0.82 55.2 0,78 55.2 0.78 153.6 0.82
. . New route 36.5 0,32 15.2 0.28 15,2 0,28 43,6 0.32
Vientiane
- Nong Khai Differcnce 195.0 0.50 40.0 0,50 40.0 0,50 110,0 0.50
Nos. of car 5 28 27 24
Existing route 385.7 1.56 91.3 1.46 257.1 1.56 124,4 1.56
: . New route 1%0.7 1.06 51.3 0.96 147.1 1,06 67.4 1.06
Vientiane
= Udon Mifference 195.0 0,50 40,0 0.50 110.0 0.50 57.0 0.50
Nos, of gar 1 19 T1 2
Existing route 207.6 0.56 43.3 0.55 43.3 0.55 i
Tha Deva New route 13.4  0.08 3.6 0.07 2.6 0.07
- Nong Khai
Station Difference 194.2 0.48 39,7 0.48 39.7 0,48
Nos, of car I 5 3
Existing route 213.1 0.58 44.8 0.58 44,8 0,58
New route 18.9 0.11 5.1 0.10 5.1 0,10
Tha Deua
= Nong Khai Difference 194,2 0.47 39.7 0,48 9.7 0.48
Nos, of car [ 27 27
Existing route 109.4 1.2}
Tha Deua Nev route 54.1 0,85 )
- Vdon Difference 55.3  0.48 39 3.5 0.78
Nos, of ear 1 254 141
Total operating cost 40,0 2,529.4 3,150.4 2,311,0 10,450 169.3 9,906.0 1,128.0
Operation benefit per unit of 6.4 5 39.00 8.0
traffic volume 46.0 194,57 19.88 39.84 110.00 56.43
Total difference of travel time 0.50 6,39 38.86 28,40 47.50 1,48 889.0 109.98
Mean difference of travel time 0.50 0.49 0.49 0,49 0.50 0.49 0.5 3.50 0.78
Hourly benefit 6.5 6.5 1.85 1,85 8.3 0.77 1.85 3.1 0.71
Time benefit per unit of traffic 3.25 3.19 0.91 0.91 4.15 0.8 0.93 10,85 0.55
volume
Total benefit per unit of traffic 43.25 197.76 40.79 40.75 114,15 56,81 5.93 49,85 B.55
volume
= do. - , adopted 121 4] 41 114 57 6 50 9

Remarks:

(2)

{3)
4)

(s)

(&)

(1)

The value of the operating cost in emch zonal pair is obtained from Tables 3.15.

The number of car shown in this table denotes the present traffic made clear by the origin-destination survey.

The mean value of the unit benefits of the small-sized buses and the large~sized buses wvas taken ns the benefit per bus.

The operation benefit of motorcycle is
a5 the mean value of those of buses, pe

In the column of railway freight,
and the difference of the travel t
existing and newv routes 0.5 hour.

In the column of railvay passengers,
and the charge of vehicle between ihe
at the Nepg Khai stntion 0.28 hour and

N Khai siation
the difference of ihe operating cost between Tha Deua and Uden 39 Bahts 1s the present h““gli"g :oz}. 2;:2: tggg between the !
ime 3.5 hours 15 the sum of the handling tame at the Nong Khay station 3 hours and the differenc

. figured out
represented by the current ferry charge per motorcycle, and the mean difference of travel time 0.5 hour s fig

rsenal cars, taxis and trueks.

charges 5 Bahts
he difference of the opemtiing cost between Tha Dewn and Udon 8.0 Bahts 1s the sum of the cu:r::tsti;:i‘:.}’ the fhnnge Lime
Nong Khai stotion and the ferry site 3 Hahts, and the difference of travel time 0.76 hours 1
the vaiting time at the ferry site 0.5 hours.

i
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3.0.4.  Annual benefit

As mentioned in Subparagraph 3.0.3., the annual benelit can be
obtained by adding up the producl of the traffic volume and the unit
benefil of each traffic component such as buses, trucks, personal
cars, railway freight and reailway passengers, eotc. Generally, the
future growth of traffic veries according to the toll rate of bridge.
Therefore, the traffic volume to be used for the calculation of the
annual benelit should be such bhat results (rom the most appropriatle
tol]ii system which produces the maximum residual hnnefitég expressed

in total present worth, on condition that the toll revenue can amor—

lize the total investment of the project in the case of a toll hridge.

Therefore, the adequale Lolls for all the traffic components
can be obtained by sclecling from among all conceivable combinations
of toll rates for traffic components & combination which sntislies

the following equations (1) and (2},

n

1 {
. ) .
o 3 DL (B, - €L = maxdimum ..., (1)
- Pt 3 ‘ ’
k=1 (1+r}k t i=1 ENPLE (i)
I'l 1 rs
¥ .
- — Y < C =0 el (2
kel (Lep)™L 5o UK T TG
vhere Bi : The unit benefit of a traffic component "i"
C(ijj & toll rate "j* of a traffic component "1"

In this case, Loll rates considered are the
valves from zero to the current ferry charge
of the traffic compenent "i"

Q{i')k t The traffic volume of a traffic componeni "iY
J in a year "K' when the toll rate is C(xj'
/

/1 ilereinafter called “adequate 1oll"

/2 The residual benefit means the remainder after subtracting
the collected amount of to0ll from the total benefit.



r : Annual discount rate

n ot Amortization period in vears

A Numbers of Lraffic component

€ Total investment in total present worth

As 15 clear lrom the above i1wo equations, the adequate tolls
vary accordingly with the annual discount rate "r" and the amor—
tization period "n" tor the capriad invectoe, In this report,
the adequate tulls 1or verious tralfic components have been computed
for i1hree kinds of loans, ﬁamely, loans of 3% annual interest rate
vith amortization period of 40 vears (lLonn 1., 7w with 25 yvears
{Loan I1), ang 13+ with 20 years {Loan 111}, respectively. ‘The

valves are as given in Table 3.19.

In Table 3,19, are also given the total present vorths of toll
revenue necessary for amorbizing the Joan, the amount of revenue
from the adequate tolls adopted, and the amount of residual benefits
that the users of bridge are receivable in case the adequate tolls
have been collected, for eanch loans I, 7T and 111 respectively.

The required amount of 1o0ll revenue necessary for tlie amortization
of lToan is the sum of the total construction cost and the total
present worth of annual worhing expenses,

Fable 3.19. shows that the adenquate tolls ior buses, personal
cars, taxis, light truck and railway freight are approximately one-
tenth of the current ferry charges in the case of Loan I. The
adequate Lo}l for heavy trucks is as high as one-fourth of the cur-~
rent ferry charge. This results from the fact thal the traffic of
heavy trucks hardly decreases even if the toll rate 1s remarkable
rairsed, The adequate tolis for bicycles wnd railway passengers
have come Lo the same 5 Bahts as ihe current ferry charges, because
5 Bahis was considered as the minimum charge in the calculntion of

adequate tolls,
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Table 3.19 Adequate tolls
Unit: Baht
Current /1 2 /3
Traffic Component ferry Loan I—  Loan I1—= Loan 1II—/
charges
Buses 57 25 55
Personal cars 40 5 5 35
Taxis 40 5 5 35
Heavy trucks 110 30 100 110
Light trucks 57 5 25 40
Motorcycles 5 5 5 p]
Passengers 5 5 5 5
Freight 40 5 25 40
Unit: 103 Bahts
Items Loan 1 loan IT lLoan Ill
Required incomeii in present worth 560,862 489,013 469,341
Total present worth of toll revenue 573,946 492,607 470,323
Total present worth of residual value 3,010,399 643, 166 95,721

Remarks:

In the case of finding adequate tolls, the tolls of bradge

for various kind of vehicles were pgiven tentatively by 5
Bahts interval-tolls from zero to current ferry charges for

respective v

“s e

=

LN

N

LR

=

ehicles.,

In the case of a loan with the
3% and the amortization period

In the case of a loan with the
7% and the amortization period

In the case of a loan with the
10% and the amortization period of 20 years

annual interest rate of

of 40 years

ainual interest rate of

of 25 years

ahnual interest rate of

The amount of toll revenue required to amortize the total

investment added the total present worth of annual working
expenses to the total construction cost.
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In the case of Loan II1, the adequate tolls for most of traffic
components are almost the same or very close to the current lerry
charges. The adequnte tolls in Loan If lie between there in Loans 1

and 111.

iy using the adequate Lolis thus obiained together with the
traffic volume " and the coelTicienls " " of future traffic varia-
tion obtained in Subparagraph 3.6.2. and the unit benefits "B" obtained
1 Subparagraph 3.6.3., the mean amual benefit and capitalized beneflit

to the tolal present worth can be obtained trom the tollowing equations.

Ci'
p 4 - 5
L = = + ')..- A 63 2 - if N t P24 e esea ‘?
Bm - Y3 (”(13}k X 303) x a i if x Bl (3]
Y k=1 i=l '
C. -
n 1 xz 1- Z‘-LL
H = . { hy 5 b . 'L . i
dc > T o} by (“(1j)k X 365} x “ 1l x i (4]
k=1 T i=1
vhere B Mean annual benefit
Bc : Capilalized benefit to he total present worth
u(ij)wikz Average daily traffic of a {iralfic component
"i" in a year "k", when the toll rate of bridge
1s as sane as the current ferry charge.
a.li: Coefficient of future traffic variation of
i R .
a traffic component "i"
Q - 3 Han
Cij t Toll of bridge for n traffic component "i
/4 -
Cij ¢ Current ferry charge for a traffic component "i"
Bi Zi : Unit benefit of a traffic component "i"
/1 Refer to Table 3.10. /3, /4 Nefer to Table 3.19
/2 Refer to Table 3.13, /3 Pelfor to Table 3.16
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Total number of traffic component

Analysis period. In the czse of e non-toll
bridge, a period of 23 yesrs vas iaken because
the future traffic bevond 28th year after the
conpletion of bridge cannot be estimnted. In
the case of a toll bridee, (he amortization
period was taken because the future traffic will
vary after the capital investment is lully
amortized.

Discount peried. lNean useful lifetime of 40
years was taken in the case of & non-toll bridge
and the amortization period in the case of a
1011 bridge.

The mean annual benefit and the capitalized benefit to ihe

total present worth thus obtained are as riven i1n Tahle 3.30.

Table 3.20C.

Mean aunual benefit and canitalized benefit

Tnit : Baht

Non-toll

Grunbﬁi

Kind of capital Mean annual benefii(lm! Capitalired henefit{(Be)
loll Hridge
/1 : 584,343, 000
Lioan I 180,063,000 3,584,343,000
Loan IILQ 121,413,000 1,135,773,000
Loan 11143 30,534,000 566,044, 0C0

195,250, C00 5,937,702,0C0

R

A loan of Jﬁ annual interest rate with amortization period of

4Q years.
A loan of
25 years.
A loan of
20 years.

7,z annual interest rate with amortization period of

10 annual interest rate wilh amortization period of

Although it was considered ihat the whole investment wns provided

with the grant, the annual rate of interest of 3,5 and the discount
period of 40 vears as long as mean useful lifetime of the project

was considered for the analysis of benefit and cost,.



3.6.5. Annual cost

The annual cost comprises the annual fixed cost and the anual

mavable cost of the project.

The annual fixed cosl means the annual cost by which the total
consiruction cost of the project would be amortized during 1ts useful

lifetime, and is given by the following equation,

t
c n c i(l+i}t (1)
T+ Et {4 (1.4.i)t'-l esssnen e
1
vhere Cpos Equivalent ammual fixed cost,
Ct : Construclion cousts of project stiructures
of different useful lifetimes,
i ¢ Amnual discount rate.

t : Useful lifetimes of project structures
in years.

In the estimation of the annual fixed cost, the annual discount
rate was taken at 3 percent, 7 percernt and 10 percenti in ithe same
manner as in the case of calculating benefits. Thelannual fixed cost
was canlculaled from the construction costs and useful lifetimes of

various kinds of project structure as shown in Table 3,22,

The annual movable cost means the annual werking expense for
operation, maintenance and replacement costs of the bridge, highway
and railway facilities such as the maintenance cosits of wearing
course, shoulder, ditch, lighting facilities, etc., and the periodi-
cal cost of repainting the bridge. Furihermore, office expenses for
toll collection are needed in the case af a toll bridge. The annual

working expense was estimated in Table 3.23.

The annual costs thus estimated are alsv shown in Table 3,22,
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Furthermore, the annual costs will be capitalized to the total
present worth as of 1973 for the caleculation of the capitalized net
benefit, as shown in Table 3.21. The total present worth of the annual

cost can be expressed in the ferm of the following equation.

1 ol (143271
Coe———( 3 € +5 . ——0— | ... (2
()" ® i1 )"

t=1

where ! Total present worth of the annual cost

: Construclion costs of project structures of different
useful lifetimes

i : Apnual discouni rate
¥ : Anmual working expense

m : The duration of time in years between 1he present
and the target year of hridge completion. In this
report, the valuve of "m" was taken %o be zero.

n : Discount period. 1n this report, mean uscful lifetime
of 40 years of the project structures was considered
in the case of a non-toll bridge, and the amortization
period in the case of a toll bridge.

1 : Number of project structures of different useful
lifetimes.

The result of calculation of costs is summarized in the follewing
Table 3.2},

Table 3.21. Annual cost and capitalized cost

Unit : Baht

Kind of capital Anmual cost, Cu Capitalized cost, C.

Total bridge

loan I/ 24,571,000 556,468,000
Loan 112 37,427,000 494,476,000
Loan 1TI£2 48,478,000 471,965,000
Non-toll bridge

arantlt 24,141,000 546,518,000

/1, /2, /3, /4, Refer to Table 3.20 in Subparagraph 3.6.4.
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3.6,6 TIDenefil-cost ratio and capitalized net benefit.

The benefit~cost ratio of the project is the ratio of the mean
annual benefit to the annual cost, and capitalized net beneflit is the
difference hetween the capitalized henefit and capitalized cost.
These are computed from the values given in Table 3.20 and 3.21, and

are given in Table 3.24.

Table 3.24 DBenefit—cost ratio and capitalized net benefit

., . it- ti sapi iz i
Kind of capital Benefit-cost ratio Capitalized net beneflit

{(Bm/Cq in Bahi. (Be - Cg)
Tell bridge
Loan 1£L1 7.3 3,027,876, 00C
Loan 13£2 3.2 641,297,000
Loan 11142 1.7 94,078,000
Non-toll bridge
Grantfd 7.9 5,391,185,000

As indicated in Table 3,24., the heneflit-cost ratio is grealer than
one gnd the benefit is greater than the cast in any case of capital
invesiments, In the case of 2 toll bridge, the benefit-~cost ratio is
1.7 even in the case of Loan IJ1, and it is as high as 7.3 in the
case of Loan T. It shows higher wvalue of 7.9 in the case of Gmnt

for a non-tell bridge.

The capitalized net benefit shows the highest value of npbout
5.4 billion Bahts in the case of a non-—toll bridge. In the case of
a toll bridge, the canpitalized net benefit is the greatest under the
Loan I amounting to about 3 billion Bahts, and the amount is approxi-

mately 0.1 billion under the Loan 1II.

[i, /2, /3, /4 Refer 1o Table 3,20 in Subparagraph 3.6.4.
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Fhe following is made clear wher these values of benefit-cost ratio
atd capitalized net benefit are compared with these of the highwvay

bridge. (Refer to Table 4.18)

In the case of Loan I, the benefit-cost ratio 1s 7.3 in the case of
a rail/highway bridge and 12.2 for a highway bridge. The capitalized
net benefit does not differ much being approximately 3.0 billion Bahts
for the rail/highwvay bridge and 3.1 billion Bahts for.the haghway
bridpe.

In the case of a non-toll bridge, the benefit-cost ratio and the
capitelized net benefit of the highway bridge are 13.5 and 5.4 billion
Bahts respectively while the ratio end the net benefit of the rail/

highway bridge are 7.9 and 5.4 brllion Bahts respectively,
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3.6. 7. Internal rate of return

Although benefit—cost ratio and capitalized vet benefit were com-
pared in Subparagraph 3.6.6., it also is desirable bto compute the in-
ternal rate of return and Lo compare this witlh the winimum rate which
is widely recognized as 12 percent at ithe present time and is acecept-—
able for this type of project. The internal rate of return is such
that gives the loial present worth of benefit equal to the total pre-

sent worth of cost.

The total present worths of benef1t amd cost were compuied ['rom
¥y, {(4) in Subparapraph 3.6.4 and Eg. (2}in Subparagraph 3.6.5, re-
spectively. As for the discoundt period For each khind ol capitel in-
vestment, the amoriization period was taken into account in the case
of a toll bridge and a period-of 40 years equivalent to ithe average

useful lifetime of the project in the case of a non-toll bridge,

The benefits and costs thus computed were plotted in Fap. 3.15.
The point at which the curve of benefiis intersects the curve of costs

gives the value of the internal rate of return.

As seen in the figure, the internal rate of return is 12.4 per-
cent in the case of a 1o0ll bridge and 16.1 percenl in the case of
a non-t0ll bridpe. These values exceed the minimum rate of 12 percent
and therefore suggests ihat the project is Feasible and worih being

developed,
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3.6,8, Indireci benefit

In addition to the direct benefits mentioned previously, the pro-
ject can produce many kinds of the indirect benefit., The following
are the major indirect benefits taken up for the economic evaluntion

of the project,

{1} #ffect on the field of consumption and production, especianlly
on the prices by the saving on Llhe transpertation cost due to

the construction of the bridge

(2) Effect on the saving of stock in shops and lectories derived

from less travel time

{3) Eftect on the socio-economic develapment of which the rred will
grodually arise in the course ¢f time under the better condaition
accruang from the construction of the bridge

A brief descriptlion is given below of the above three.

{1} FEffect on the field of cunsumption and production, especially

on_the prices by the savang the transportaiion cost due to

the construction of the bridpe

The saving on transportation cost consists of the saving in the
cogt required in crossing the Mekong und a reduction in the transpor-
tation cest of ETQ (Express Transpertation Organization) from Bangkok
to Nong Khai. The bridpe team was informed that the reduction in ETO
chargeé could be expecled because of the intensified competition amony

the transportation agents.

The following three kinds of ihe cost required in crossing the
Melkong now are considered: (1) the cost by self-transportation, 750
Kips/ton, {2) the cost of freight by general transportation agents,
1,250 kips/ton, and (3} the cost of freight by ETQ, 1,790 Kips/ton,

All these costs will be saved in the case that the bridge 1s of
non~toll, The amount of saving in transportation cost is shown in

Table 3.25.



On the other hand, it is expecled that the ETO charges imposed
on the transportation from Eangkok to hong Khai will be reduced by
about 750 Kips per ton as much as ihe cosi required in crossing the

Mekong.,

Given in Table 3.25. are the amounts of savings of the cost re-
quired in erossing Mekong and those of savings on freight handled by

70,

In order to know how much the savings of the transportation cost
mentioned above affect the cost prices of the imporis and exports in
laos, the ratioc between the iwo in each of the major articles is igured
out in Table 3.26. According to this table, the following matters can

be drawn.

i) For the articles to be transported between Vientione and
Nong Khai or its vicinity, the savings show high perceniage.
This is because the transportiing distance is short, and the
costi required in crossiug the river occupies 2 major portion
of ilhe transporiation expenses. Such articles include water

melon, cement and timbher for export.

ii) The percentage of the savings 1s comparatively high for
such items that the cost price per ton is low, even if the
transporting distance is Jong. Such items are petroleum,

round bar, household eleétrical appliances, Leer, etc,

The influence of savings in the transporirntion cost thus esti-
ma ted to be exerted on the field of consumption and production in

Vientiane and its vicinity is studied hereinafter.

Effect on ihe field of consumption

In the following consumer goods imported into Vientiane district
from Thailand, the savings in the cost required in crossing the Mekong

can be expected ns the result of the construction of the bridge; namely,

ié:
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foodstuff such as rice, water melon and hogs te be iransporied to
Vientiane from the opposite bank of the Mekong and imporied foodstiuff
such &s beer and juice, household electrical appltiances such as re-
frigerators and fans, bicycles and motorcycles unloaded in Bangkok

and itransshipped to Vientiane through Thailand.

In case when a non-toll bridge should have been constructed in
1967, the amount of savings made when importing the abovewmentioned
consumer poods would have amounted ito 34 million Kips, and it would
have reached 42 million Kips il the ETO's rate should have been re-
duced by 750 Kips per ton meniioned before. The dealers who handle
such consumer goods are supposed to receive most of the benefits
thus derived, but the consumers can receive some c¢f them in the form

of a reduction in price. Such benefits will stimulate a pew demand,

The manufacturers in the vicinity of Vientisne in Laos can re-
duce the cost price of materials beca2use of the savings in the freighi
charges of imported materisls, and the consumers can enjoy Lhe bene-
fits proportionately if the prices of munufaciured goods should be
reduced in the same way as menticned bLefore. In this conneciion,
the savings estimated in 1967 were between 1,990,000 and 3,530,000
Kips. '

Should the bridge be a toll bridge, the amount of savings will
ve smaller by the amount of bLridge 1oll than that in the case of a

non~toll bridge,

The abovement:ioned amount of savings is based on the amount of
imported articles crossing the river in 1967, and so this amount will
naturnlly increase largely with the inerease in the volume of impori
rlong with the increase of the national jncome, Assuming the annual
growth rate of the import of consumer goods is 5 percent, the amouni
of savings on the transport charges of the imported consumer goods

in 1990 will be about three times the amounl of savings in 1967,

This means that the improvement of transportation of the consumer
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goods will much contribute to the improvemeni of the living siandards

of the people of Laos.

Effect on the ficld of production

The savings in the cost required for crossing the bridge are ex-
pected in the‘following production goods to be imported from Thailand
to Vientiane, They are mrinly consiruction miterials such as round
ber, steel sheels and plywood, transportation machines such as passen—
pger cars and trucks, and raw malerials for tobacco, sandals, and for
pelyelhelene but petroleum and cement to be imported from foreign

countries other than Thailand are excluded,

In case when a non-toll bridge should have been constructed in
1967, the amount of savings on the transportation cost for the im-
port of production goods would have amounted to 197 million Kips,
and to 198 million Kips if ETO's rate should have been reduced by

aboul 750 Kips per ton.

Related industries, since the savings in the transportation cosi
can reduce the cost price, can ebtain more profit. Petroleum industry
among all other indusiries will get the most benefit., Tt would be
possible to save 130 million Kips which corresponds to approximately
25 percent of the transportation cost of 550 million hips on the
articles of 104,000 tons imported by private enlerprises in 1967.
Moreover, the Government of Laos imported in 1967 a larger amount
of petroleum than the amount imported by the privite enterprises,
Including the amount imported by the Government, the benefiis from
the savings in the transportation cosi will be enjoyed by the petro-
leum industry, private enterprises and the Government. Such savings
will definitely contribute much to the economic and industrial growth
of Laos.

Besides the above, a reduction in *he transportation cost of

passenger cars and trucks allows the shop-owners and manufacturers

in Laos to purchase vehicles for business use at lower prices, which



consequently will accelerate their business mrectivities., Lower cost of
transportation of construction materials will be useful in prometing
ihe construction works in lmos, Again, the producers who use the im—
ported maoterials can increase their production since they can reduce
the cost price as the result of lowered cost of transportation of the
materials. It is believed that the import of production goods will
even exceed the import of consumer goods in the future with the pro-
gress of economic and indusirial developments of laos. Therefore,

the savings on the transporiation cost will hereafier exert more in-

fluence over the production field,

In case of cement, for example, and assuming that the bridge was
completed in 1967, 2 reauction of 2,010 Kips per ton of transportation
cost for transportation from Nong Khai {o Vientiane could be expected.
This would mean ithat the construction companies and others who must
“buy cement would make a profit of 40 million Kips. This amount is
equivaelent to 10.7 percent of the cost price of cement, Assuming that
the amport of cement which was recorded 20,000 tons in 1967 would in-
crease at the rate of 10 percent each year, the total amount of import
of cement will come 1o 200,000 tons a year by 1590. The savangs which
the bridge will contribute will reach 250 millien Kips, and this shows
ihat the constrvetion works in lLaoes in the future will be remarhkably

prefitable,

(2) Effect on the saving stock in shops and factories derived

from less trovel time

5t
H T -!-6 E?‘;._.

Reduced transportation time made possible by the use ¢f the Mekong

bridge will allow the shops and factories to reduce the volume of con-

sumer goods and production goods in stock.

The stock of goods is divided into three categories, namely the
basis stock, stock in transii and reserve stock, of which the stock in
transit and reserve stock cnn be reduced due Lo transportation time
less time is required, and interest on invesiment capital in stock can

be thereby saved.



The basic stock is very difficult to be numerically evaluated
vhile the latter two kinds of stock can be easily evaluated and be

computed by

S = 2R (t = 11).3/365

1n vhich S : saving in stock in transit and reserve

stock per annum

R : annunl total amount required for purchase

t : transportation time by using the exasting
routle

t*; transportation time by using a new route

i ¢+ annual rate of interesi

Provided R, total amount of import of laos in 1966, = 10 billion

Kips, t - t' = 30 minutes = 1/16 day and 1 = 0.05, the saving in stock
1s estimated at 171,232 hips from ihe above equation., Assuming the
annual growih rete of import is 10 percent, the amounti of saving in

stock 1n 1990 will be nhout 9 times thal of 1966.
The articles for which such savings can be expected ure agricultiur-

al products, petroleum, transportation machines, electrical appliances

and construction materials,

{3} ELffect on the socio—economy development of which the need

will graduslly arise in the course of time under the betier

condition accruinge from the construction of the bridge

Apriculture

Rice is the main agricultural product of Laos, and a certain amount

of corn, tobacco, cotton and coffee were produced.

Vientiane district is depending entirely on Sri Chieng Mai - Ta Ho
distriect on the otlher side of the Mekonpg for vegetables, and such situ-
ation will remain the same for some time even after the bLridge is con-

structed.

167"
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However, the developmenl and improvement of the road network in
the vicinity of Vientiane, which is brought aboul by the construction
of Mekong bridge, will promote the developweni of agriculture on com-

mercianl base in this area.

It is said that the production of corn in northeastern Thailand
increased from 186,000 tons in 1958 up te 1,200,000 tons in 1966 cor-
responding to 6.5 times after the Asian Hiphway A-12 was constructed,

As judged from this fact, if an improved road will run direct to Bangkok
from Yientiane, this may open a way to laos for the export of agricultur-

al products Lo foreipgn countries,.

Livestoek industry

At preseni, most of the catile (hogs and hdffaloes) consumed in
Vientiane district are imported from the opposile bank of the MNekong.
The bridge, when it should be consiructed, will place the economy of
Laos in a ¢logser relations with the economy of the northeastern dis-
trict of Thailand, and this will promote the development of the live-
stock industry in the vicinity of Vientiane district forward self-

support of livestock for Laons.

Far instance, the amount of import of pork in the Vientiane
district, which in 1967 was BB8 tons, will reach 2,600 tons in 1990,
assuming thot the consumption of pork in Vientiane distriet will in-
crease at the rate of 5 percent each year, and some part of it has

to be produced domestically.

Lumber industiry

The saving on the transportation cost will promote the develop-
ment of the expori{ of lumber supported by the fact that Thailand tends
to run short of the sources of lumber and also by the favorable eco-
nomic growth being enjoyed by Thailand. Through the improvement and
development of road network, the cutting area can be expanded, and
the value of the resources of lumber will rise. Again, a new industry
like the manufacturing of secondary lumber products such as plywood

will also be developed following the development of lumber industry.
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The albovementionnd effects are roughly estimated as follows;
the saving on the transportation cost is 750 Kips per ton which
corresponds to 3.8 percent of the purchasing price in Thailand or
the lumber imported from Laaos, totaling 24.3 million Kips per annum,
Assuming that this trade will increase ut ihe rate of 10 percent
each year until 1950, the annual export of lumber in Laos in 1990
will amount to approximately 300,000 tons, and when ecslculuted on
the basis of 1967 price of 14,750 hips per ton, the amount of export
totals 4,425 million Kips, of which 225 million Kips are the saving

on the transportation cost,

Mining

Mining, with the exception of tin, is undeveloped in Laos, and
no investigation or prospecting have been carried out so far. However,
1t is estimated that mineral resources for rold, copper, lend, iron,
limestone, gypsum, manganese, tungsten, etc. do exist in laos. Among
these, the developmeni of copper ore deposits, and iron ore deposits
in Xieng Khouang districl estimated 1o have several hundred million
tons of iron deposits is being considered most promising. The de-
velopment of these deposits of greatl potentiial has been delayed becnuse
of undeveloped domestic overland iransportation network and because
Laos does not possess any favornble port for the development of foreipgn

trade.

When a bridge, particularly a rail/highway bridge, should be con-
strucled, Laos will have her first railvay which will be extended frem
Thailand, and a through railway running between Vientiane and Banglok
will be opened for traffic., The railway can be easily extended to
the mines when they should be developed in the future, and such will
make simple the transportation of mineral ore to the port of Bangkok,
which is the main door for the foreign trade of Laos. In this way,
the bridge will definitely contribute to the development of mineral

resources of laos.



Urbanjzation

After the construction of the bridge, it could be anticipated
that the land prices will rise and the utility value of land will be
increased in the districts lying along the highway and the railwry
running between Vientiane and Tha Nnaleng. VParlicularly, when a rail/
highway bridge should be constructed, it is anticipated ihat the dis-
tricts around the extension railway to Vientiane and the Vientiane
reilway station will be rapidly developed since the districts are

almost undeveloped at the present time,

The demand for land in the districts along the highway and the
railway for the cpnsiruction of factories, shops and residences will
invite a rise in land prices. With a rise in land prices, the income
of a landowner in the form of rent will increase, Accordingly, this
income from land rent is one of the indirect benefits which are de-

rived from the construction of the bridge.

The abovementioned income f{rom land rent has been estimpted from

following conditions,

1. The influence area is estimated at 3,140,000 m2 within the radius

of 1 km of the new railway station.

2, The price of land in 1973, which is the first year after the
completion of bridge, is assumed as 1,000 Kips per square meter,
because the prices of the land are 1,000 Kips per square meter
for the land around Tha Deua nnd 800 Kips per square meter for
forest, respectivcly, according to the second phase investi-

gation in 1968,

3. The annual growth rates of land price nre assumed to be 10 per-

cent from 1973 Lo 1990 and 5 percent after 1990.

4, The rent of land is assumed to be 5 percent of the land price

uniformly.

5. Interest rate is 4 percent per annum.

T SR
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Calculated on the basis of the conditions mentioned above, ihe
price of land in 1990 will rise 1o 5,000 Kips, which is equal to the
present land price of Vientiane, and the income from the rent of land
for a period of 40 years is estimated at 6,570 million Kips, which

corresponds to 42 times of the total income for 1973.
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3.6.9, Comparison betwecn n bridge and the ferry facilities

In coping with the btraffic which is increasing year after year,
the advantage a bridge over the ferry freilities is studied herein

by cemparing the annual casts of both.
Since the annual cost of a rail/highway bridge has been given
under Subparagraph 3.6.5., only the annual costi of the ferry facilities

is given in details in this paragraph.

Annual cost of ferrv facilities

The annual cost of the ferry facilities comprises the annual fixed

caost and Lhe annual working expenses.

The annual fixed cost means the amortization of the construction

cost of the ferry facilities during the useful life, as given below.

o . AQw) (c- e ™21 )
¥ (1+4i)7-1 (1+i) 1 i {1+ (1+i )"
vwliere CF : equivalent annual fixed cost

c canstruction cast

e
.

annual rate of interest, 3, 7 & 10 percent

X ! time from the completion of construction of the
bridge {the zero point} to the commencement of
different stages of additional construction of
the ferry facilities

n : period of analysis, 40 years

t :  useful life of ferry facilities, 25 years

-

The estimate of the construction cost has been based on the con-
struction cost of the existing facilities and ihe unit cost given in
Paragraph 3.5, The ferry facilities can be divided roughly into four
parts, the ferry boat, dredger, access ramp and buildings. Since about

200 tons of the capacity of ferry boar is assumed as maximum limit in



assumed as maximum 1limit 1n such a river as the Mekong in the viewpoint
of site erection of boat and the scale of the wharf. 100 tons of boat
capacity equal to the existing facility is tentatively adopted for this
study. 'The basic data for the estimation of construction costs are as

given in Table 3.29.

According to the date supplied by SOGOV, the effective permissible
traffic per ferry at present is 144 vehicles per day while the maximum
capacity per ferry for the annual average time for one journey there
and back, 40 minutesil, is 216 vehicles per day. The capacriy per
Terry of 216 vehicles per day are adopted to avoid overestimate in the

economie comparison with the bridge.

The two kinds of future traffic in the cases of a toll bridge, that
the toll is set equally to the current ferry charge, and a non-toll
bridge are taken for this comparative study. 7The future traffic of
each traffic components such as bus, personal car, taxi, light truck
and motorcycle is converted into that of heavy truck for the sake of

convenience.

The schedule of the additional construction and ihe general layout

of the ferry facilities are shown in Fig. 3.16. and 3.17., respectively,

Based on the construction plan of additional ferry facilities, the
construction cost and the annual cost for a period of 40 years have

been computed, as shown in Table 3.30.
These costs have been converted into the present worth at the time
of completion of the bradge, and the annual equivalent cost 1s also

given in Table 3.2,

the amnual working expenses mean the annual cost of operation,

/1 The mean travel time in rainy season is estimated at 20 minutes,
and that in dry season, 60 minutes.
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maintenance and replacement of the ferry facilities including ferry

boats, dredgers, buildings, access hichway, access ramp nnd personnel

expenses. The equivalenl annual working expenses are given as follows.
. ) n c

. i (1+i) v X

E = .} ————

(1+i)"=1  x=l  (1+i)%

The estimate of these costs is made in Table 3.32. based on the

dnta given in Table 3.31.

The annual cost of the ferry facilities has thus been obtained,

and the results are summarized helow.

Table 3,27. Annual cost of ferrvy facilities

{1,000 USS)

Item Case (I)Zl Case (Z}Lg
Assumed annuval . - e ot o
interest rate 3% £ 10 % 3
Tixed cost 1,280 1,610 1,830 1,780
Working expenses 1,950 1,540 1,320 2,760

Totalll 3,230 3,150 3,150 4,340

Comparison of the annual costs of a bridge and the ferry facilities

The following table shows the comparison of the annual costs of

a bridge and the ferry facilities.

/1 The additional construction to cope with the future traffic in
the case of a toll bridge that the toll is set equally to the
current ferry charge.

/2 The additional consiruction to cope with the future traffic in the
case of a non-tell bridge.

12 Annual cosl per vehicle in the case of a heavy track is around
2.5 USS.
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Table 3.28 Comparison of the annual cosis of a bridge and
the ferry facilities

Assumed annunal Toll Bridge Hon-toll RBridge
interest rate 3% 7 10 % 3 %
Bridge 1,199 1,826 2,365 1,178
Perry 3,230 3,150 3,150 4,540
Ratioil 0.27 0.58 C.75 0.26

The above table clearly shows that the amnual cost of a bridge
in any of the four cases of different interest rates is far less than
the annual cost of the ferry facilities. It is evident that a modern
bridge should take the place of the additional ferry facilities to

soive the problem of the increasing traffic volume for ihe future.

/1 The ratio of the annual cost of the bridge to thai of the ferry
facilities.



Table 3,29. Basic dota for the eslimation of consiruction cost

Useful tnit construc-
Ttem life tion cost Remarks
{Year) (Uss)
Access highway (per meter) 40 200
Access ramp { " ) 40 150
Vessel
100-ton ferry boat 106 90,000
Pusher 10 35,000
Dredger 10 40,000 500 P.S., 300 m3/hr
Building
Custom house 50 80,000 29 mx 15 m
(Laotian side)
" 50 20,000 I0mx 10 m
{(Thailand side)
Warehouse 35 196,000 20m x 140 m
Repair shop 24 84,000 I5mx 70m
House for stiaff 45 1,600 IOmx 10m
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{a) Case‘(l,

Table 3.30.

Construction cost nf the {erry facilities

(b Case (2)

No. of HNo, of in- Construc- No. of No. of in- Construc-
Tear access crease of tion cost Year access crease of tion cost
ramp ferrv bhoat (uss) ramp ferry boat (US3)

1972 0 -3 7,230,00C 1972 ¢ - 4 10 8,850,000
1974 4 1,620,000 1973 5 2 1,300,000
1977 5 " 1,300,000 1975 6 " 1,460,000
1979 6 " 1,460,000 1976 T . " 1,390,000
1980 7 " 1,390,000 1978 8 " 1,330,000
1982 3 " 1,530,000 1979 9 " 1,300,000
1983 9 " 1,300,000 1980 10¢ " 1,320,000
1984 10 " 1,320,000 1981 11 " 1,720,000
19385 13 " 1,720,000 1982 12 " 1,430,000
1986 12 " 1,430,000 1982 13 - 14 4 3,210,000
1987 13 - 14 4 3,21C,000 1984 15 2 1,300,000
1988 i3 2 1,300,000 1985 16 -~ 17 4 2,770,CC0
1989 16 " 1,42GC, 000 1986 18 ~ 19 " 2,810,000
1990 17 " 1,356,000 1987 20 - 21 " 3,000,000
1991 18 " 1,300,000 1988 22 - 23 " 3,010,000
1992 19 " 1,510,000 1989 24 - 25 " 2,600,000
1994 20 " 1,310,000 1590 206 2 1,300,000
1995 21 " 1,750,000 1991 27 " 1,300,000
1996 22 " 1,300,000 1992 28 " 1,700,000
1997 23 " 1,710,000 1993 28 - 30 4 2,810,000
1999 24 " 1,300,000 1994 31 2 1,300,000
1995 32 " 1,300,000

1996 33 " 1,300,000

1997 34 " 1,300,000

1998 35 " 1,300,000

1999 36 - 37 4 1,300,000

i75°
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Table 3.31. Basic data for the estimation of
ihe annual working expenses

Unit annual working

Ttem specification expenses (USS)

1. Access highway & ramp (per meter) 5

2, Ferry boal & building

Ferry boat Repairing 125,000 USS x 0.1744% 21,600
Fuel 0.9 US$/hr x 1,420 hr
Customhouse 4.6 USS/m2 x 375 me 1,730
Warehouse 1.0 " x 2,800 " 2,800
tepair shop 1.0 " x 1,050 " 1,050
Garage 6.25 " x . 100 " 25
Personnel expenses 60 persons x 3 US$/day/person
x 260 days 47,000
3. Dredger Repaniring 400,000 USS x 0.138'Zi 56,000
Fuel 1.5 Uss/hr x 540 hr

/1 Apmnual rate of repairing cost,



Lable 3.32

Annual cost of ferry facilities

Case Case (1) Case (2141
anngal rate of 3% 75 10% 33
interest
Present worth of con-
struction cost (103Us3) 29,540 21,520 17,880 41,040
Present worth of working
expenses (103Uss) 45,030 20,560 12,960 63,830
Capital recovery factor 0.0433 0.0750 0.1023 0.0433
Equivalent annual fixed
cost (107Uss) 1,280 1,610 1,830 1,730
BEquivalent annual working
expenses (103Us3) 1,950 1,540 1,320 2,760
Total annual cost {103USs) 3,230 3,150 3,150 4,540

/L Although it was considered that the whole investment was

provided with the grant, only the annual rate of interest

of 3 percent was considered for the anlysis of cost.
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3.7. PFinancial Feasibility

3.7.1. Pinancial statement

Concerning a toll bridge, the financial feasibility study was

made under the following three kinds of loans.

(1} & loan with 3 percent ammual rate of interest and 40-year

amortization period (Loan 1)

(2) 2 loan with 7 percent annual rate of interest and 25~year

amortization period (Loan 1))

(3) a loan with 10 percent annual rate of interest and 20-year

amortization period {Loan TI1}

A loan will be amortized by the revenue from the adequate tolls
for variocus traffic components which are given in Subparagraph 3.6.4.
The revenue of the project will increase pnnually according to the
future growing traffic, 1%, however, was conservatively considered
to be constant in 28 years after the completion of bridge because
the future traffie volume after the 28th year cannot be estimated

precisely, and therefore has been regarded as constant.

The amortization was considered as follows 1nstead of the equal
annual repayment method. "he method herein adopted 1s that the loan

1
1s repaid with surplus revenue exceeding the annual expendltureﬁ—u

Tables 3.33, 3.34, and 3.35 persent the result for the above

three cases of Loans 1, I1 and {1I, respectively.

In the case of Loan 1, as shown 1in table 3.33, the amount of

investment 13 410 million Bahts. the total expenditure of annunl

/1 rhe annual expenditure consists of the annual amortization cost
and annual working expense.



interest and annual working expense is about 18.6 million Bahts in the
lst year (1973}, while the revenue from the toll in the lst year is
approximately 5.9 million Bahts only. This creates a deficit of approx-
imately 12.8 million Bahts. The outstanding amount of mmortization at
the end of the fiscal year, therefore, will amount to approximately
422.8 miliion Behts.

The amount of defiecit will gradually decrease after the 2nd year,

but this will continue until the 15th year.

In other words, the amortization of capital and interest will
begin substantially in the 16th year. The outstanding amount of capital
and interest will amount to approximately 538.5 million Bahts by the.
end of the 16th year {1987} because of the delicits created during a
period of fifteen years after opening the bridge. This amount is
approximately 130 mi&lion Bahts or 30 percent more ithan the amount of
initial investment of 410 million Bahts. Thismeans a working capital
equivalent to about 3¢ of the construction cost will be required be-

sides the construction cost.

In the case of Loan II (Refer to Table 3.34.}, the decifit in the
13t year is 18,3 million Bahts, and the project will keep on creating
the decifit for 12 years thereafter. The maximum amount of the out-
standing capital and interest will reach 564 millien Balts, of which

the working capital amounts to 154 million Rahts.

In the case of Loan ITI (iefer to Table 3.35.), the decifit in the
1st year is approximately 22 million Bahts, and the project will keep
on creating the decifit for 10 years thereafter. The maximum amount
is equivalent to 41 percent of the construction cost of 410 million
Dahts.

According to the result for the above three cases, the project
will continue to be in deficit finance for quite a long period after

opening the bridge, and financing of the working capital of about 30
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to 40 percent of the construction cost will be required besides the
construction cost. This is because the adequate toll system, which
gives rather low rale of toll, were adopted for the purpose of obtain-

ing the maximum residual benefltél.

1f higher toll rates were adopted, it 1s possible to reduce the

period of deficit finance with less amount of working capital.

An example is shown as follows in the case thai the toll rates
are the same as the current ferry charges. The annual interest rates
of the loans were taken at 3%, 7% and 105 likewise. _The resulis of the

calculation are as given in Table 3.36.

In the case of a loan of 3% annual interest rate, the revenue from
the toll will increase to 24.6 million Bahts in the last year, and it
will be possible to amortize capital and interest from the Ist year
and amortization will be completed in 14 years. Moreover, working

capital is not at all required.

In the case of a loan of 5% annual interest rate, the project
w1ll be indeficit finance for the firsi five years, but is pessible to
fully amortize the capital and interest in seventeen years. The working
capital required will be as low as 28,3 million Bahts. This amount

corresponds to 7% of the construction cost.

In the case of a loan of 10k annual interest rate, it is not much
different from when the adequate toll rates have been applied. The
project will be in deficit finance for the first ten years, and it

will require 21 years to amortize the capital and interest.

The followings are the conclusions of the financial studies under

above @

/1 Refer to Eq. (1) in Subparagraph 3.6.4.
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When the adequate tolls are collected, the period of deficit
finance is long, and & large amount of working capital will be
required as a consequence. This problem can be solved by col-
lecting the t0ll charges higher than the adequate tolls at the time
the bridge is first opened, and then lowering the toll rates in a

few stage along with the increase in the traffic volume.

As 1n the cases of Lean 1] and Loan 1I1, the adequate tolls are
considerably high because the amortization periods of these loans
are short, and the pretiy large amount of working capital will be
required even if the toll rates should be higher than the adequale
tolls from the beginning. On the contrary, Loan II and Loan 1Il
can be amortized innbout half the time of the useful life of the
bridge which is 40 years. If the toll is continued to be collected
likewise for the remaining period of about 20 years, it would be
possible to create enough funds to cover the construction cost of
another bridge of the same scale, or increase the benefits of ihe

users of the bridge by making them free of charge.
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3.7.2. Varicus favornble loans

Although the financial condition for three kinds of loans was
studies in Subparagraph 3.7.1, various favorable loans will be looked
for in this subparagraph from a hrcgder point of view. The favorable
Toans mean those which ecan be fully amortized by the t0ll revenue
based on certain toll rates under various combinations of annual inter—

st rate and emoriization period.

In making this study, the toll rates of various traffic compo-
nents have been taken at & certain percentage of the current ferry
charges of respeclive vraflic componments, From zero Lo the current
ferry charges, ten different toll rates have been inken into consid-—

erontion,

The formula for the calculation is as given below,
+

n+l n-} ; -l k 1-}
U =Caa) 4B (14 Rex (s p)f( e )R
J=o k=o
B
where, U : OQutstanding amount in the vear "n".

C : Awmount of capital investment,
i : Avnual rate of interest.
£ ¢ Annual workinp expense,

I : Total amount of toll revenue in
the initial year.

r : Growih rate of toll revenue. In this
case, the growth rate of toll revenue
is equal to that of traffic. /L1

The combinations of interest rate "i" and amortization period
"n" which satisfies Un = 0 of the above formula were c¢alculated for

10 different toll rates. The results are as shown in Fig, 3.18.

l& ltefer 1o Table 3,9,
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This figure makes clear the following facts. For example, a loan
of 5% annual interest rate and amortization period of 25 years can be
amortized when the toll rate of each traffic component is fixed at
uwbove 50;" of the currenil ferry charge. Again, if the toll rates are
equal to the current ferry charges, a loan of 12° annual interesi rate
can be amortized in 25 years. Also, it is only necessary to secure
& loan of 6% annual 1nlerest rate when 1t is desired to amortize the
capital and interest in 30 years wiil the toll revenue from 40% toll

of the current ferry charges.
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CHAFTER TV

HIGIWAY BRIDGE

The iden that envisages to erect a8 highway bridge over the Mekong
is an alternative plan of the rail/highway bridge mentioned in Chapter
I11. In ihe case of a highway bridge, ihe railway running from
RBangkok to Nong Khai is not extended up to Vientiene in Laos. The
bridge only e#ims to link itwo parts of the Asian Highway A-12 which

is now separated by the Mekong.

Studies were made of ihe engineering, economic and financial fea-
sibilities of the project on the assumption that a highway bridge
having such a purpose is adopted as Nong hhai/Vientiane Bridge Project.

The following are the ouiline of the studies,

4.1. Eugineeraing Feasibilitv on the Bridge

The construction of a highway bridge crossing the Mekong has no
technical difference from that of a rail/highway bridge. As mentioned
in detail in Chapter IJ1, there is no menace to the engineering fea-
sibility of the mil/highway bridge to be built over the Mekong. Also

in the case of 2 highway bridge, no menace -can be considered.

The two cases are similar in many respectis. The exacl location
of the center line of the bridge recommended in ihe case of a rail/
highway bridge should be adopted in the case of a highway bridge, too.
The specificalions to be used for the design, navigation requirements,
the location of the summit of bridge, the shape of piers, adoption of
pneumalic caissons Tor the foundation of piers, and the problems of

bank erosion and river-bed scouring are all the same to both cases.

Some design conditions, however, are differept, Out of them,

oulstandingly different poinis are listed up below.

195
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(1) Highway loading is quite different from railway loading
as shown in Fig. 3.2, The live londs for highways are much

smaller than those for railways.

(2) The longitudinal grade of highway bridges cau be taken ot
four percent as stipulated in the Geometric Design Standards of
the Highway Department of Thailand and extracted in Table 3.7.,
while that of the highway part in the reil/hipghway bridge has

to be taken at 1.2 percent 1n connection with the railway part.

In consequence, there is no necessity to build access bridges

on the riverside terrains s given in PLATE 9.

(3) As it is adwitted to 1tuke lighter loads for highway design,
different type of bridge will be taken up for the highway bridge.
Pier sprcing also is patburally different, and the form of cross
section is, needless to say, different because no space is re-

quired for reilway track in ihe case of a highway bridge.

The preliminary design was carefully made on the three points
of the type of bridge, pier spacing and the form of cross section,.

A detlailed description of them is made below.

{1} Type of bridge

A continuous box-girder bridge with steel batiledeck floors should
be taken up for a highway bridge crossing the Mekong according to such

reasons as mentioned in Chaptler 111, Subparagraph 3.1.3.1., Ttem (3}.

The bridge of this type has many advantages over ithe continuous
through truss bridge, though the former requires more consiruction

cosi than the latter.

The steel batitledeck floor has been selected with the purpose of

mrking the superstructure as light as possible and levwering the burden
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of the substructure as much as possible, Girders will be made taller
on the piers where the largest negative moment occurs and be gradually
made short betiween the two piers, lower flanges being raised with some

geometric curves so that the bridge could offer an elegant appearance.

(2) Pier spacing

Generally, the most economicel three-span continuous Lox—girder
bridge lies in such pier spacing that the ratio of side span to middle
span is 1 : 1,25, A 90-meter span shall be provided in some part of
the bridge to warrant ithe horizontal clearance of 78 meters for navi-
gation. when it is a middle span, the most economical side spans on

both sides will bLecome 70 meters accordingly.
The most economical pier spacing in other pari of the bridge has
been found with the following studies. Conceivable for this purpose

are the following three cases,

Table 4.1. Pier spacing

: . Bridge Number Kumber Construction cost (USS)
Case Pier spacing .
Yo length of pier of abut- Super- Sub-—- Total
U (m) (m) (No.) ment(No.) structure structure °
1 (70490+70)
+4.(40450+40) 750 14 2 2,300,000 2,900,000 5,200,000
2 (70+90+70) -
+3+ (504+60+450) 710 11 2 2,500,000 2,400,000 4,900,000
3 3.(70490470) 690 8 2 3,700,000 2,000,000 3,700,000

As is seen in Table 4.1., the case 2 is the most economical. In

this report the case 2 has been adopted,

(3) Porm of cross section

The girder of box type is adopted for the bridge because of being

very convenient for manufacture, transportation and erection. The road-
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way is eight meters wide with iwo lanes in accordance with the pro-
vision aof the Geometric Design Standards. 1.5-meter sidewalks are

provided on both sides of the roadway.

4.2 Engineering Feasibility on the Access Hiphway

The engineering feasibiliiy on the access highway including the
administrative facilities in the case of a rail/highwaey bridge has
been fully stated in Chapier TI1, paragraph 3.3. The description
touches upon the selection of route, preliminary design and various
incidental problems, In the case of & highway bridge, these studies
are made similarly to those in the case of a reil/highwny bridge.
There is no essential difference between the two cases in making the
studies. Therefore, for the route of the access highway, the second
proposal is recommended in the case of o highway bridge, too. The
preliminary design is also made in the same manuner as siated in Chapter
T11I. . |

However, these two cases differ from each other on the following

four points, whieh are not essential but incidental.

(1) The access hiphway to lLe construcied on the Thai side has
to overpass the existing railway in accordance with the Design
Standards of the Highway Department of Thailand the extract of
which is given in Table 3.7. under Chapter 11T, while in the
case of a rail/highway bridge the access highway 1s planned to

cross the existing railway at grade.

The overpass is so desipned as shown on PLATE 2}, Since
the proposed site is not so sound as ihe foundation of an over-
pass as other sites along the highway route, foundation piles
should be driven into the gravel layer lying at thedepth of

ten to fifteen meters from the ground.

(2} In the c¢ase that the Mekong bridge is only a highway bridge,



(3)

(4)

the construction of another highway is called for io connect

the bridge with the present Nong Khai railway station, Unless
the existing railway is extended to Vientiane, the traffic
between Vientiane and the rajlway station will Lecome increasing-
ly heavier in the future. This highway is also designed in like

manner,

The administrative facilities on the Thai side are located
at & place within a short distance of two hundred meters from
the riverside so that the above highway could take the shortest
wvay. This location involves no technical difficuliy because a
highway bridpge makes 1t possible to take the allowable maximum
longitudinal grade of four percent for the bridge and as a re-
sult the bridge ends at a place close to ihe Mekong on the river-
side terrain. On the contrary, in the case of a rail/highway
bridge the longitudinal grade is confined to 1.2 percent at maxi—
mum and it is somewhat difficult to locate the administrative
facilities near the Mekong, Besides, there is no decisive ne-

cessity to do so in the case of a rail/highway bridge.

In the case of & highway bridpe, the layout of the individu-—
al building in the administrative facilities also is more or less

different from that in the case of a rail/highway bridge.

Once the construction begins for thas bridge project, the
local road nt present running in front of Hydrographic Office
at Nong hhai will be utilized for consiruction and the present
situvation will change remarkably. It is necessary to provide
a detour for the inbabitanis who live in the neighborhood of

this road.

The route for this detour in the case of a highway bridge
is a little different from ibat in the case of a rail/highway

bridge.
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As has been made clear by the various studies made hitherto, the
construction of the access highway and the administrative facilities
is technically feasible, and there 1s nuthing hesitant about the re-
alization of such construction whether it is a hiphway bridge or a

ra1l/highway bridge.

4,3, Construction Plan

The construction plan of the hiphvay bridpe 1s alwost similar to
that of the rail/highway bridge. It, however, is advisable to ereci
the supersiructure by means of cable crane, nol by portable erane
running on the upper chords. Namelv, side spans will be erected by
cable crane and middle spans will be pushed forwvard like cantilever

on the one-side span.

4.4. Construction Cost

Various conditions to be required for the estimation of the con-
struction cost of ithe project in the case of g highway bridge are all
the same as those mentioned in Chapter 111, laragraph 3.5. The con—
struction cost estimation 1n the Second Phase lteport as given in
Table 4.2,, amounts to 12,000,000 U.s. dollars, while that in the
First Thase Kepori was 8,900,000 U.S5, dollars. The main reasons why
the difference has arisen are {1) that pneumatic caissons were adopl-
ed for the foundation of piers instead of footings, (2) 1hat the route
of the access hiphway on ihe Thai soil wns changed and became longer
than that proposed in the First Phase heport, and (3) that the admin-

istrative facilities were sirengthened as shown in PLATEs 22 and 23,

It is added thel these alterations gives no influence on the precedence

of Nong khai bridge site over the other iwe alternative sites, Vientinne

and Fa Mong.
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Table 4.2, Construction cost

(In the case of a highway bradge)

Construction

Tiem cost (USS)

fiemarks

i1.

1171,

v,

¥I.

. GOVELRNMENTS' PREFARATORY

WORKS 800,000
1, Construction facilities 400,000
2. Land and rights 400,000
MATIN CONSTHUCTIUN JORKS 7,300,000

1. Sicel box-girder bridge {4, 700,000)

{i) Supersiructure 2,300,000
{1i) Subsiructure 2,400,000
2. Righway (2,400,000)
(i} Access highway 1,200,000

{ii1) Administrative

200,000
facilities 1, W0

3. Permanent residential
buildings 200,000

ENGINERRING SERVICL 1,100,000

GOVERNMENTS!' ADMINISTRATIVE

EXPENSE 500, 000
CONTINGENCY AND RESERVE 1,600,000

INTEREST PUETRG CONSETRUCTIGN TOO,000

710 meters long

b
MHyh

2

L+ P

of {1) and {11}

of (1) and {(T11)

of {I) and {11)

Totnl 12,000,000




4.5, Econemic Justificntion

4.5.1, General

Given in this paragraph 1s the economie justification of a highway
bridpe carried out in the same manner as in the case of a ratl Mighvay

bradge in Paraspraph 3.6,

First, the basic future traffic volume wis estimaied, and the cu-
. . . 1 . . .
efficient of future traffic vnrlnbtonl;-was chtained. By using this
coefficient, it is possible te caleculate the future iraffic velume lor

all 1o]l 1ntes, B

Next, the unit benefit was obtained for each traffic component,
and the tell rates to be collected aclually were decided, and then the
annual benefit was cbtained by multiplving the unit bepefit by the
Tuture traffic volume based on the above toll rates, Apain, the annual
benefit was capitalized to the total prerent worth as of 1973 to cbtain

the capatalized net benefit.

The annual cost and capitalized cost weore obilained from the con- .
struction cost and the annuni working eapense, Mrom these and the
annual bhenefit and capitalized benef1t, the bLenefit-cost ratio and

the capirtalized net benefit wvere abtained,

Alse, the ainternal rate of return for a hiphway bridpe was ob-

tained as had been in the case of a rail/bhiphwny bridree.

The comparison of annual costs of the highway bridge and the
ferry was made 1n the same manner as 1t was made for the rail/highway

bridge.

il Refer 1ov Table 4.5.



4.5.2. Future traffic

The future traffic on the highway bridge is estimated on the
assumption that the toll of the bridge is set equally to the current
charge of the existing car ferry based on the explanations on the
rail/highway bridge given in Paragraph 3.6.2., and then, based on
this future traffic, the fuéhre traffic for various tolls is esti-

mated from the relation between the traffic and the bridge toll.

The imaginary initial traffic volume the growih rates and the
traffic volumes for 1973 (1 year after the completion of the bridge),
1990 {18 years after the completion of the bridge) and 2000 (28 years
after the completion of the bridge) are as given under Table 4,3, in
the case that the toll of the highway bridge is set equally to the

current charge of the existing car ferry.

The traffic volume for the period from 1973 to 2000 is estimated
as shown in Table 4.4, in the same manner as in the case of a rail/

highway bridge.

According to Table 4.3., the traffic in 1973 is 1,100 cars per
day which is 350 vahicles more than that of the rail/highway bridge.
The traffic in 1990 will reach 6,300 vehicles which is 1,300 vehicles
more than that of the highway portion of the rail/highway bridge, and

the ratio of the traffic of 1973 to that of 1990 is 5.9 which is smaller
than that of the highway part of the rail/highway bridge. In 2000, the

number of vehicles will increase to 9,500 which is 2,600 more than
that of the highway part of the rail/highway bridge. As in the case
of the rail/highway bridge, the traffic growth of the personal car

and the taxi exceeds that of the heavy truck.

The relationship between toll ranging from free 1o the current
ferry charge and ihe traffic has already been mentioned under

Subparagraph 3.6.2.
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The traffic of the highway bridge is considered 1o include the
traffic of highway part and the traffic diverted from the railway.
The coefficient of wvariation N of the highway bridge can be obtained
from the weighted average of the traffic of both parts. The estima=-
tion of a, is given under Table 4.5., and the relation between

Cij/Cif and Qij/Qif is given under Fig. 4.1.

The traffic for 1973, 1990 and 20QC0 in the case of a non-toll
bridge is shown in Table 4.6., and the variation in the traffic

volume due to changes in toll charges is given in Fig, 4.2.
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Fig. 4.1. RELATION BETWEEN Qij/ Qif AND Cij/ Cit
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Fig. 4.2. FUTURE TRAFFIC VOLUME
(in the case of a highway bridge)
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4.5.3, Direct beneflit
(a1

In the economic justification of the project in the case of a
highway bradge, the direct benefit is figured out in the same manner

as in the case of a rail/highway bridge.

The traffic per day for 1973, 1990 and 2000 is shown in Table 4.6,
The benefit per unit of traffic volume and the benefit per day for

1973, 1990 and 2000 are given in Tables 4.7. and 4.8,, respectively.

According to Table 4.8., the benefits from the highway bridge
are smaller than that of the rail/highway bridge by 4.4 percent in
1973, 3.8 percent in 1990 and 3.7 percent in 2000, respectively, and
this results from the fact that the traffic of the highway bridge
is smaller than that of the rail/highway bridge. The benefitis item-
ized by the traffic component show the largest value for the heavy

truck as seen in the case of a rail/highway bridge.

The amount of benefits for each year from 1973 to 2000, which
is obtained by multiplying the benefit per day by 365 days, is as
shown in Table 4.9,



v Table 4.7. Benefit per unit of traffic volume:
Swall-sized Large-sized Personnel . v truck Li
buses buses cars Taxis HE?Vy rucks ight trucks Motorcyclex
Zonal Route Operat- Travel Operat- Travel Gperat- Travel Operet~ Travel Operat- Travel Operat- Travel Operat- Travel
ing cost time ing cost time ing cost time ing cost time ing cost time ing cost time ing cost time
{Bahts} (hrs,) (Bahts) (brs.} {Bahts) {hrs,) (Bahts) (hrs.) (Bahts) {hrs.}) (Bahts) (hrs.) (Bahts) {hrs.)
isti . 4.0 1.51
Vientiane Existing route 119.0 1.62 El
- Tha Be, New route 79.0 1.12 54.0 1.01
Sri Chieng Difference 40.0  0.50 40.0  0.50
Nos. of car 1 1
Existing route 246.0 0,78 53.4 0.75 53.4 0.75 148.4 ‘0,78
2 . .28
Vientiane New route 51.5 0.29 13.7 0.26 13.7 0.26 39.4 o
- Nong Khai Difference 194.5 0.49 39.7 0.49 39.7 0,49 109.0 0.50
Station Nos. of car 3 19 13 94
Existing route 251.5 0.82 55.2 0.78 55.2 0.78 153.6 0.82
Vientiane New route 56.5 0.32 15.2 0.28 15.2 0.28 43.6 N2
- Nong Khai Difference 195,0 0.50 40.0 0.50 40.0 0,50 110.0 0.50
Nos, of ear 5 28 27 24
Existing route 385,7 i.56 91,3 1.46 257.1 1,56 124.4 1,56
Vientiane New route 190.7 1.06 51,3 0,96 147.1 1.06 67.4 1,06
- Udon Difference 195.0 0.50 40.0 0.50 110.0 0.50 57.0 0,50
Nos, of car 1 19 71 2
Existing route 207.6 0.56 43.3 Q.55 43.3 0.55
Tha Deua .
- Nong Khai New route 13.4 0.08 3.6 0.607 3.6 0.07
Stetion D fference 194.2 0.48 39.7 0,48 39.7 0.48
Nos, of car 1 5 3
Existing route 213.1 0.58 44.8 0.58 44.8 0.58
The Deua New route 18.9 0,11 5.1 0,10 5.1 0.10
- Nong Khai Difference 194.2 0,47 39.7 0.48 39.7 0.48
Nos. of car 6 27 27
Existing route 109.4. 1.33
The Deua New route 54.1 0.85
~ Udon Difference 5%.3 0.48
Neos. of ear 1
Tolal operating cost 40.0 3,112.9 3,904.7 2,817.1 20,696.0 169.3
Operation benefit per unit of
traffic volume 40,0 194.57 39,84 39,68 109.50 56.43 3
Total difference of travel time 0.5 7.83 48,17 35.37 94,5°" 1.48
Mern difference of travel Lime 0.5 0.49 .49 0,49 0.50 0.49 0.5
Hourly benefit 6.5 6.5 1.85 1.85 8.3 0.77 1.85
Time benefit per unit of traffic 3.25 3.19 0.91 0.91 4,15 0,38 0.93
volume
tel b i i rt i
T$°1umeenef1t per unit of traffic 43.25 197.76 40.75 40.59 113.65 56.81 5.93
- do. - , adopted 41 41 114 57 6
Remarks: (1) The velue of the operating cost in each zonal pair is obtained by the basic data piven in Table 3.15,

{2} The

nmurber of car shown in this table denctes the present iraffic made clear by the origin—destimation survey.

(3) The mean value of the unit benefits ol the small-sized buses and the large-sized buses was taken as the benefit per bus.

(4) The

eperation benefit of motorc,
travel time 0.5 hour is figured

ycle is represented by the current ferry charge per motorcycle, and the mean difference of
out as the mean value of these of buses, perscnal ears, taxis and trucks.
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4.5.4, Annual benefit

For the toll highway bridge, the adequate toll was first obiained.
The principle and the method of calculation are exacily the same as
those applied to the rail/highway bridge mentioned under Subparagraph
3.6.4, and the adequate tolls were obtained for each of the three loans
considered in the case of a rail/highway bridge. the values ure as

shown 1n lable 4,10.

fhe adequate tolls calculated for the highway bridge frenerally show
lower figures than those for the rail/highwuy bridge. In the case of
Loan I, the toll for heavy trucks nlone is 10 Buhts while the adegua te
tolls for other traflic components are 5 DBuhts. In the case of a rail/
highway bridge, the adequate toll for heavy trucks is 30 Bahts, which

is three times as much as in the case of a highway bridge.

in the case of Loan 111, the adequate tolls remains the same tolls
under Lvan I for all traffic components except the heavy trucks and
buses, for which the pdequate tells will be raised to 85 Bahts and 10
Bahts, respectively. In the case of o rail/hignway bridge, the toll
rates were almost the same as the current ferry charges, but the toil

rates in this case 1s much lower.

fhe toll rates "ClJ“ 1n the case of a highway bridge, coefficient

of future traffic variuntion " al", basic future traific Q(l and

untt benefit "Bl" given in the subperagraphs of Paragraph 4?3kwere
applied to Equations (3) and (4) in Subparsgraph 3.6.4 to figure out
the mean annual benefit and capitalized benefit. Tfhe resultis gre as
shown iu lable 4.11. The analysis period of the benefits has been

the sume as that in the case of u rail/highvay bridge.



Table 4.10.

Adequate tolls

Unit : Baht

Traffic Component C?:ii;t Loan Pil Loan 1Ié£ Loan III-‘[l
charges
Buses 57 s 5 10
Personnl cars 40 5 5 5
Taxis 40 5 5 5
Heavy trucks 110 10 50 85
Light trucks 57 5 5 5
Motorcycles 5 3 3

Note:

Unit : 107 Bahts

Itens

Loan 1 Loan 11 Loan IIJ

Hequired incomeﬁﬁ in present worth

Total present worth of tocll revenue

343,077 296,843 284,185
375,541 307,341 285,236

Total present worth of residual benefit 3,109,506 823,280 374,047

Reamrks: In the case of finding adequnte tolls, the tolls of bridge
for various kind of vehicles were given tentatively by 5
Bahts interval-tolls from zero to current ferry charge for
respective vehicles,

se+s In the
¥’ and

/1
/2 «..s In the

T and

case of = loan with the
the amortization period

case of a loan with the
the amortization period

case of & loan with the

annual interest rate of
of 40 years.

annual interest rate of
of 25 years.,

annual interest rates of

107 and the emortization period of 20 years.

L vess In the
/4

+ss« The amount of toll revenue, required to amortize the total
investment added the total present worth of annual working
expenses to the total construction cost.

216;
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Table 4.1]. Mean annual benefit and capitalized benefit

Unit: Baht

, e X Mean and benefit Capitalized benefit
Kind of eapital (B ) (Be)
Toll bridge
1

Loan 1 175,185,000 3,485,047,000
Loan 17 £2 120,994,000 1,130,621,000
Loan 111 £2 94,957,000 659,283,000
Non-1to0ll bridge

Grant £ 184,386,000 5,743, 300,000

ﬂ: Qi Q’ ﬂ

Refer to Table 3.20 in Subparagraph 3.6.4.



4.5.9. Annual cost

The annual cost of the highway Lridge was caleulated with
the same method mentioned in Subparagraphk 3.6.5. The annual cost was
calculated from ithe construction cosil of project structures and the

annual working expense, nnd is shown in TabLle 4,10,

Parthermore, for the calculution of the capitaiized net hene-
fit, the capitalized cost was calculated Ly using Fg. (2) given in
Subparagraph 3.6.5. The resull of calculation is as gaven in Table

4,15 topether with the annunl cosil caleulated in the manner described

above.
Table 4.12, Aunmirl cost and capitalized cost
tnit: Babts
Kind of capital Annuel cost Cn Capitalized cust Cc

Toll bridee
/1

Loan 1 <= 14,334,000 344, 249,000
D

Loan 11 &= 32,294,000 300,360,000

Loan 111 £ 29,008,000 285,875,000

Non-toll bridge

Grant Al 13,647,000 324,376,000

£y, [2, /3, [4

Refer to Table 3.20 in Subparagraph 3,6.4.
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4.3.6. Denefit-cost ratio and capitnlized net benefit

The benefit-cost ratio and capitalized net benefii were computed
from the values of benefits and costs in Tables 4.14 and 4,15, and

are summarized in the following Table 4.18.

Table 4.15. Benefil—cost ratio and capitalized net benefit

Benefit-cost ratio Capitalized net benefit

hind of capital (B /C ) in Baht - (B - )
w ¢ c
Toll bridge
Loan 141 12.2 3,144,798,000
Loan 11 ZE 5.4 830,262,000
Loan 111 £2 3.3 373, 407,000
Non-toll bridpe
/4 e ;
Grant — 13.5 5,418,924,000

Ll: lﬁt 127 Zi

ftefer to Table 3.20 in Subparagruph 3.6.4,



4.5.7. Internal rate of return

The internal rate of return for the highway bridge was obiained
by applying the ssme method and conditions used in the case of a rail/
highway bridge. As shown in Pig. 4.2., the internal rate of return is
16.0 percent in the case of a toll bridge, and it is 18.7 percent in

the case of a2 non~toll bridge which 1s slightly higher.

The highway bridge is slightly more advantageous when compared
with the rail/highway bridge which shows the internal rate of return
of 12.4 percent and 16.1 percent, respectively. Apari from this,
this project is quite feasible because the internal rate of return
in any of the four cases is higher than 12 percent which is consadered

as reasonable for a project of this type.
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4.5.8.

lndirect benefit

The influence of the construciion of a rail/highway bridge which

w1ll be exerted over the economy of Laos has been studied under Sub-

paragraph 3.6.8. The influence of a highway braidge, though is similar

to that of a rnii/highway bridge, seems to be less significant on the

following points.

1. At present almost all the imported goods hamdled by LETO are

transported by railwey to Nong XKhai. 1f this situation 1s left
unchanged after the completion of the bridge in the future, the
saving on the transportation cost and time will be much less

for the highway bridge than for a rail/highway bridge since the
former is required to have the railway freight transshipped at
Nong Khai lailwey Station to trucks, whereas a rail/highway
bridge makes possible the transporiation by railway to Vientiane.
In the case of o highway bridge, the passengers are required to
make a change at Nong Khai Railway Station, making the condition

less favorable than that of a rail/highway bridge.

Subparagraph 3.6.8. has made a detniled description of the
importance of the railway for the promotion of development of
mining in Laos in the fuiure, and a highway bridge certainly
will disadvantageous in this respect, because a railway has to
be constructed with some delay of time and eventually causes

the delay of the mining development.

In the case of a highway bridge, there can be no urbanization
vhich definitely can be expected from the extension of a rail-
way to Vientiane. According to the calculation made under
Subparagraph 3.6.8. the amouni of beneflits from the abovemen-
tioned urbanization for o period of forty years will come to
6,570 million Kips, and this amount of benefits cannot be

obtained in case the bridge is a highway bridge.
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4. Concerning the saving on stock of shops and factories handl-
ing the imporied commodities, extra time will be required for
transshipment at Nong Khai Hailway Station in the case of a
highway bridge as mentioned above, and this means a decrease
in the saving on stock for the amount of time thus lost.
Consequently, the indirect benefit equivalent to the interest
on this extira amount invested in the commodities 1n stock will
be reduced when compared with the benefit obtainable from a

rarl/highway bridge.

4.5.9. Comparison between a bridge and the ferry facilities

Te solve the prollem of the traffic volume which is increasing
yenr after year, the advantage «f a bridge uver the ferrv facilitres

is studied herein similarly to Subparagraph 3.6.4.

The annual cost of a highwnv bridpe and the ferry facilities has
been mentioned under Subparaeraphs 4.5.%, and 3.6.8., respectively,

In this paragraph, only the resulis are given,

Table 4.16. Comparison nf the annual costs of
2 bridpe and the ferrv facilities

{1,000 USS)

Assumed annual Toll Bridge Non=-1gll
interest rate 35 7 10 3
Braidge 699 1,088 1,419 666
Ferry 3,230 3,150 3,150 4,540
. /1 «
lintio — .28 0.35 0.45 (.15

The above tabile shows that the annual cost of the ferry facilities
is higher than that of a bridge. 11 proves that a highway bridge has

the advantege of the additional ferry fncilities,

/1 The ratio of the annual cost of the bridge to that of the ferry
facilities.



4.6. Financial Yeasibility

4,6,1. Tinancial stetement

A study has also been made for a highway bridge similarly to that
made on the financial feasibility of the three kinds of loans con-
sidered for a rail/highway bradge. The principle and the conditions
are the same as those applied in the case of a rail/highway bridge.

The result 1s as given in Tables 4.17, 4.18, and 4.19,

Table 4.17. shows the financial statement in the case of Loan I
{3 percent annual interest rate and 40-year amortization pertiod).
The figures of the toll revenue have been obtained by applying the
adequate tolls given in Table 4.10 and the traftic volume obtained
for such adequate tolls, As in the case of a rail/highvay bridge,
deficit finance will continue for a long period of the first fourteen
years, and the amortization of capital and interest will commence in
the 15th year. As regards the necessary working capital, the highway
requires 78 million Bahts, which 1s more favorable when comparsd with
174 million Bahts required for the rail/highway bridge. This 1s due
to the magnitude of the construction costs {410 million Bahts for

a ru11/h1ghway bridge and 246 million Bahts for a haghway bridge)},.

The condition of amortization of Loan Il (7 percent annuel rate
of interest and 25-year amortizatjon'period) by means of collectanp
the adequate tolls is as given in Table 4.18. The amortization of
the capital and interest will commence from the 13th year, and the
working capital required besides ihe construction ecost will amount

to 87 million Bahts.

The condition of amortization of Loan ITI (10 percent annual
rate of interest and 20-year amortization period) is as shown in
Table 4.19. The amortization of capital and interest is possible
from the llth year, and the working capital required will be 86
million Bahts, which is about 35 percent of the total construction

cost.,



The above three cases show the condition of amortization by the
toll revenue accruing from collecting the adequate tolls. Though the
amount is smaller than that in the case of & rail/highwvay bridge, a
working capital of 70 to 90 million Bahts still will be required in

each case.

As seen in the case of a rail/higthy bridge, it 1s possible to
reduce the amount of the working capitel by changing the toll rates
like those equal to the current ferry charges. YNor this purpose g
calculation has been made as given in Table 4.22, taking the interest

rates at 3 percent, 7 percent and 10 percent,

In the cases of the interest rates of 3 percent and 7 percent,
the annual toll revenue wiil exceed the total annual expenditure from
the 1st year, and the amortizetion of capital and interest can be com-
wenced from the 1st year and can be finished 1n 9 years and 11 years

respectively. The working capital 1sn't necessary in both cases.

In the case of 10 percent annual rate of interest, deficit fi1-
nance will continue for the first two years, but the working capital
required is small because it is possible to commence the amortization
of the capirtal and interest from the 3rd year. Amortization will be

completed in 12 years.
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4.0.2. Various favorable loans

Similarly to the case of a rail/highway bridge, a study was
made on various favorable loans in the case of a highway bridge.
Ten different toll rates for each traffic component renging from O
to the current ferry charge have been considered. The toll for each
traffic component was assumed to be charged uniformly at some grade;
for instance, when the toll rate of buses is 30 percent of the current
charge of existing ferry for buses, it was assumed that the toll
rates for heavy trucks, personal cars, motorcycles are also 30 per-
cent of the respective charges of existing ferry. Equation (1) -
given in Subparagraph 3.7.2 was used for the calculation, and the

result is given in Fig. 4.4,

Fig. 4.4 makes clear the following.
(1) In case when the toll rate is equal to the current ferry charges,
it is possible to fully amortize a loan of 12 percent annual interest
rate in 13 years.
(2} If the toll rate which is half of the current ferry charge is
collected for each traffic component, it is possible to fully amortize
the loens of 5 percent annual interest rate and l7-ycar amortization
period, 10 percent interest rate and 26 years, aund 12 percent interest
rate and 37 years.
{3) If it 1s desired to amortize a loan by the revenue from toll equal
to about 20 percent of the current ferry charges, any sofier loan than
g loan of 5 percent annual interest rate and 40-year amortization

period can be amortized.
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CHAPTER V
5 CONCLUSTON AND RECOMMENDATION

5.1. Feasibility of ihe Project

The Second Phase Report has three purposes as mentioned in
Chapter I, Paragraph 1.3.: (1) to study the engineering and economic
Teasibility of the two kinds of bridge, a2 rail/highway bridge and 'a
highway bridge and to seleect between the iwe by comparing the engineer-
ing, economic nnd.finnncinl merits and demerits of them, {2) to study
the engincering and economie feasibility of linking two parts of the
Asian Highway A-12 that lie separately on both Laotian and Thai
teritories, .and (3} to study the engineering and cconomic feasibility
regarding the extension of the existing railway running between

Bangkok and Nong Khai up to Vientiane.

These studies have been made in detail in Chapilers 111 and 1V.
As understood from these studies, the engineering feasibility can
be studied individually about ihe structures of the project such as
a railfhighwgy bridge, a highway bridge, an necess h{ghway to link
iwo parts of the Asimn Highway and a new railway to be built up to
Vientiane. DBut, the economic and financial evaluations ghould not
be made about the respective structures, but ahout the whole project.,
With this in view, the economie and financial feasibilities of the
access highway and the new railway should be studied in close rela-
tion to the rail/highway bridge or the hiphway bridge. Namely, the
Peasibility study of the project can be divided into iwo cases hav—
ing the three purposes mentioned above : one is that a rail/highvay
bridge is constructed over the Mekong and the other is that a high-
way bridge is built. Chapter 171 describes the former case and

Chapter IV, the latter case.

As regards the engineering feasibility of the project in hoth
cases, there is no such a technical problem as to threaten the

project execution. A few technically difficult problems may be

T 234
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encouniered on the occaision of the comstruction of the project.
For example, the problems of the settlement of pneumntic caissons
ot the firm siltstone and the construclion of Lhe highway and the
railvay stabilized with soil-cement mix or soil-sand mix will
arise al that time., It, however, is not impossible to solve such
problems, and ithey never make hesitate the aunthorilies concerned
to perform the project. It goes without saying that the construe-
Lion of the four major structures, that 1s, a rail/hiphwey bridge,
& highway bridge, an access highway for linking two parts of the
exisling Asian Highway A-12, and & new railway to be extended up

to Vientinne, is quite feasible from the engineering viewpoeint.

On the other hand, ihe economic and financial feesibilities
of the project in both cases have been studied in comparison with
the present car ferry running between Tha Naleng pnd Nong hhai,
The detailed studies have been made in Chaplers IT1 and 1V and
summarlzed 1n the nexi Paragraph 5.2. As 1s well understood there-
from, the two cases of the project are satisfactorily feasible from

the economic and financial viewpoints, too.

In the lasi place, 1t 1s proved that from enterprisers' position
that the modern bridge is far superior to the ferry to cope with the

growing traffic that crosses the llelcong at the projecl site.

The bridge is scheduled to open to traffic in 1973 after the
construction peried of iwo years, and s planned to cater for ithe
growing traffic during the useful life of the bridge esiimated at
ahout 40 years. The pgrowing traffic in the future is quite daffer-
ent according to the kind of the iransportation facilities provided
at site. A bridge genermnily brings much more growing traffic than
a ferry. However, the study will be made as to the case that the
ferries would meel the growing traffic estimated in the case of
bridge. First of all, il will be made as to how many and when the
ferries should he additionally provided during the same period as

the useful life of ithe bridge. Then the equivalent annuanl cest to
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he required for the additional ferry construction and operation,
maintenance and replacement of the ferries already constructed is
estimated and compared with that of the bridge. One which gives
lower equlvalent annual cosi sugprests to have the advantage of the
other.
1

The following table shows thabt the bridge surpasses the ferries
for the purpose of meeting the future traffic from the viewpoint of
enterprisers. Ii goes without saying that the bridge surpasses the
ferries from the viewpoinl of users, too. 1is understood from Table
5.1., the working cxpenses which are required for the operation, Lo
maintenance and replacement of the ferry facilities are extremely
costly and as a resull the annurl cost of the bridge is much less

than that of the ferries in mosl cases.

Because the modern bridge thus has ruch more advantage of the
ferries, the growing traffic in the project area should be over-

come with the bridge.
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Bridge (US$) T
Ttem Wail/highvay  Highvay f;;g t ftemarks
Bridge Bridge
I. Construction Cost (Present worth) (E‘:{) Facjlities

Loan T ( 3 €, 40 years) 20,000,000 12,000,000 29,540,000 Bridge: A rail/highvay bridge or

Loan IT ( 7 %, 25 years) " " 21,520,000 a highway bridge including

Loan IIT {10 %, 20 years) " n 17,880,000 b an access highway, and a

Grant ( 3 %, 40 years) " " 41,040,000 ;-‘: new railvay only in the

1 " case of a rail/highway
1I. Equivalent Annual Cost ; bridge.

1. Equivalent annual fixed cost { Ferry: 24 ferry facilities in-
Loan ¥ 889,500 500,300- 1,280,000 cluding 48 ferry boats of
Loan 11 1,516,600 888, 600 1,610,000 5 100~ton capacity and 3
Loan 111 2,055,700 1,220,500 1,830,000 i dredgers in the comparison
Grant 889,500 500, 300 1,780,000 :. with the toll bridge and,

2. Annual working expense ¥ 37 ferry facilities in-
Loan I 309,100 198,900 1,950,000 cluding 74 ferry boats and
Loan 1T n " 1,540,000 5 dredgers in the compari-
Loan 111 " " 1,320,000 son with the non-toll bridge.
Grant 288,100 165,400 2,760,000 (2) Loan 1 indicates a loan of the annual

3. Equivalent annual cost ‘ rate of interest of three percent with
Loan I 1,198,600 695, 200 3,230,000 ‘ 40-year repayment period,

Loan 11 1,825,700 1,087,500 3,150,000
Loan ITI 2,364,800 1,419,400 3,150,000 {3) Grant means that the construction cost
Grant 1,177,600 665,700 4,540,000 is financed with the subsidy from the
‘ Governments concerned or the contri-
T11. Ratio bution from foreign countries. Also
in the case of grant, the annual rate

Loan 1 0.37 0.22 1 of interest of three perceni will be

Loan 11 0.58 0.35 1 considered likewise with the case of

Loan 1TI 0.75 0.45 1 Loen T.

Grant 0.25 0.15 1

237"
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5.2, Comparison hetween ihe Rail/hichway Bridge

and the llighwav Bridge

In order te attain the latter half of the first purpose men-
Ltioned in the preceding Paragraph 3.1., the engineering, ecanonic
and linancial merits and demerits are compared below, and ihen
some suggestions and recommendations are mentioned so that the
Mekong Commitiee could linally select beiween the iwo cases of

the project.

{1} Vngineering feasibilily

Mony technical problems suech as bank proteclion, river-
bed erosion, settlement of pneumatic caissons on the firm
siltstone, pier spacing, i(ype of bridge, forms ol cross sec-
tions ol bridge, highway and railway, and so on will arise
in designing and constiructing the project. These problems
are all common to both cases although some of them may be
Aifficult of solution and some may be easy. Uenerally the
consiruetion works of the highway bridge are casier than
those of the rail/highway bLridpge because the hiphway loads
are lighter {than ithe railway loads and the preject stiructures
are smpller 1n the case of a highway bridge accordingly.
However, the erection of Lthe hox girders fov the highway
bridge is much more diffiewlt than that of the truss members

for the rail/highwvay bridge.

As a conclusion, no detinite difference can be Tound bet-
ween the engineering feasibilities of the rail/hipghway bridge

and the highway bridge.

{2} lLconomic nnd financial feasibilities

Table 5.2 has been prepared in order to make a comparison
hetween the economic and financial feasibilities of the rail/

highway bridge and the highway bridge.

According Lo this table, the estimated future traffic has
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almost no difference between ithe Lwo cases because the
difference of the vehicular traffic is diverted to the rail-

way frerght and the railway passengers.

. As for the direct benefit, the rail/highway bridge has

s the advantage of the highway bridpge provided that a generous
grant or a soft loan less than around seven percent of the
annual rate of interest would be Tinanceid for the project,
Contrariwise, as the annual rate of interest of loan 1s
raised, the highway bridge becomes superior to the rail/high-
way braidge. ‘''his results from that, as the annunl rate of
interest 1s raised, the reril/highway bridge shows more increas-
ing toll than the haighway bridge and as a result the future
iralfic pgrowth would more be alleviated becausce the annual
¢nsl Lo be repaiv to lemters would nore increase 1n con-

sequence 1n the former case.

The rail/highwvay bridpe prives nmore construction cost
than the highway bridge. (his is a natural consequence be-
cause an extra railwav i1y i1ncluded in the case of a rarl/hagh-
wav bridee. But the rail/highway bridge is certainly dissdvan-

ingeous in the light of the fact that the project having more in-

1ti1al 1nvesiment is more difficult and takes more time to finance.

'he benefit-cost ratios and the capitnlized net beneflits
are all less in the case of a rail/highway bridge. The
adequate tolls of the traffic component in this case, such
as bus, personpl car, taxi, heavy truck, light truck, motor-
eyele, railway freight and railway passenger, are also the
same as or more expensive than those in the case of a highway
bridge. In view of these points, the highwwy bridge is

guperior to the rail/highway bridge.

A5 regards the indirect benefit, the urbenizetion ol the

vicinity of the Vientiane Station cannot be disregarded. T4

Arn



roughly amounts 1o 13,140,000 U.5, donllars in the total present
worth, This reveals that the rail/highway bridge is much more
advanttagecus than the highway bridge. PFurthermore the rail/-
highway bridge more remarkably expedites the developments of
the lumber industry and mining industry in Luos than the high-

wiay bridge.

Stress should be placed ou itle resull that the rail/high-
way bridge presents bhe slightly larger swm of the capiialized
net benefit of the davect benefit and the indirect benelit Lo h
be derived Crom ithe urbanization above-mentioned than the “

highway bridge.

From the comprehensive considerations upoen the direct
and indirect benefils amd besades upon the intanpible benefits
sucth as the expedition of the agriculiural development, live-
stock i1ndustry, mining indusiry, lumber indusiry and so fortih,
1t is recommended that the rail/highway bridge should finally
be selected for Nonpy Khai/Vientiane Bridme Projecti by the

Mekony Committee.



3.3, Various Subjects of Studv

After submitting the First Phase lleport early in Janvary 1963
to the Mekong Commitiee, the bridge team have received many useful
comments from the Mekong Committee, the Advisory Board, and the
government authorities concerned of both Laos and Thailand. The
team has studied the comments as guide for preparing the Second

Phase lteport,

The resulis ol Lhe team's study are mentioned helow.
(1} Bridze width

Following the request made by the Thai Hational Mekong
Committee und the Advisory Hoard concerning the width of the
rail/highway bridge, it has been decided 1o abandon ihe iden
ol common use of a single~irach railway and a lane of the two-
lane roadwey in hiphway sugrested 1n the Firsl Phase Report.
'The bridge has been widened so that a two-Iane highway and
a singrle-track railway could be constructed severally as

shown in PLATE 3.

‘The width of the roadway on the hridge has becn decided
at 8 meters in compliance wilh the geometric design siandards
of the Highway Department of Thailand, and the widih of o
single-track railway has been taken at 4 melers Irom the con-
struction page stipulated by the Woyal Jinte RHailway of
Thailand. Consepguently, the widih between the center lines
of the truss members comes to 13.4 meters, and a sidewalk
and a gangway to inspect the railuny troack each measuring
1.5 meters wide will be provided outside of the two wajor
truss structures, totanling the bridge width of 17.8 meters
in the rnil/highwéy bridge, In the case of a highway bridge,
the total bridpe width comes to 11.0 meters including the two-
lane roadwny of § meters and the two sidewalks of 1.5 meters

wide each.



The influence of the bridge on the Nong Khai Shipyard
now under coenstruction in connection with scouring,
silting, ete.

The Mekong bridge proposed in this report is located at
about 1%¢ meters upsiream from the upsiream end of the ship-
yard, 1i 13 very diflTicult to estimate how the bridge would
exert 1is influnence on the docking operation of Lhe shipyard

in the future,

A sandd-bar emerges in front of the shipyavd in the dry
season every year. fthe aspect of Lhis sand-bar was surveyed
in the second phase investigation as shown 1n PLATE 2.  The
influence of the bridge on the shipyard depends on how the
sand-~bar vill be affected hy the scouring action which may
be cauvsed by the bridge prers and also by ihe resultant silt-

ing over the downstream arem, after the bridge 15 constructed.

‘he bBridge team tried 1o estimate the wniluence on the

samt-bar to some extent 1n the second phase investigation by

inspecting the aspect of the river-bed by means of echo-sound-~

ing arcound the intake tower already buili on the Mehong for
water-supply to Vientiane. The results have heen given in
detnil in Chapter (I, Paragraph 2.%. As far as these vesults
are concerned, the shipyard does not secem Lo be affecled by
the scouring nctron, }t, hovever, 1s recommended to carry
out a model test Lo obtain reliable data on scouring and

silving.

Un the olher hand, the bridge piers and caissons will
reduce the Tlow area of the Mekong by about 10 percent in
rainy seasons and aboui 15 percent in dry seasons. There
seams 1o be no remarkable change in the present stream of the

Mekong due to such reduction,

(5. Pank ercsion

This problem is very imporiant for ithe construction of



the bridge. The detailed study has been made in Chapter 1i1,

Subparapraph 3.1.4.

(4} Maver-hed evosion

This also is one ol the most important probhlems. 'The
detarled deseription has been mnde 1n Chapter Jil1, Subpnra-

graph 3.1,3.

it

Comparative study of & vail/highway bridge and
separate bridges of railway and hrehway

As menbioned in detnil in Chapter IXI1, Subparagraph
3.1.30 ., o v laghway bradpe requires 3,600 tons ot steeld

and 115 construction cost 1s estimated at 6,20C,00C V.S,

dnllnr?ﬁl.

In the ease of constructing a nighway bridge ami a rail-
way bridge separately, 2,200 tons of steel lfor a highwvay
bridge and 1,300 tons ol steel {for a railway bridyge, totaling
4,000 tons, wirll be required and their counstruciion coesis
amount to approximately 8,100,000 1.5, dolinrs 1n case when

both are the truss bradge, as given in Table 3.1.

The two separale bridges thus require more constructien
cost by 40 percent than the rail/highway bridge, and so are

not favorable.

{6 Change-over

Pratriic in saos keeps to the right, whereas it keeps to
the left in Thailand. It is therefore necessary Lo make tha
change—~over to the Left er to tne right somevhere either in

Laos or Thailand.

e

This amount does nol inclwle 1he expense lor englueering service,
uovernments' administrative expense, contingency and reserve,

and interest during construction, .he amount of #,170,000 U'.3.
dollars seen at the later line 15 also the same.




As seer 1n iable 5.2, 1n the preceding paragrapk, the -
traffic volume of the bridge will show a remarikable icrease
in the future. .he administrative facilities are so designed
as to be able to handle such a large trairic voilume. As [ar
as these facililies are concerned, it is proferable that the
change-over is made on the Thai soil. 1In other words, the
traffic keeps to the righi on ihe bridge as mentioned in

detairl in Chapter 111, Puragraph 3.3.

A prade~separated change-over is not necessary for ithis
bridge preject because the Lraffic cannot be expected to Tlow
smoothly on the hridge due to the due formalilies that the
Freight and the passengers are required Lo go through for im-
mrgratien, health and customs both in lLaos and in Thailand.
Kamely, even though some special arrangement like an inter-
change would be provided for the grade-sepurated change-over
on the riverside tervain, 1t would not fully desplay 1ts func-

tien. 1t 1s more economical to adopt the at—grade chunge—~over.

Traffic wrowth

Based on the results of the origin-destination survey
made in the first phase investigation and the supplementary
survey made in the second phase investigation, the future
itraffie 1s estimated to increase at a constant rate each vear
for a period of 17 years beginning in 1973 when the bridge
will be open for Lraffic, anmd afterwvards to increase at a
constant volume until 200C, It is impossible fto estimate the
traffic growth after 2000 judging from ithe accuracy of the

surveys conducted.

The future traffic estimated is as given in Table 5.2,
The rate of the traffic increase for the period from 1973 1o
1990 will be an average of about 1l percent for bus, tuxi,
and trucks, 9 ﬁercent for ruilwny freight and 10 percent for

railway passengers. The traffiec growth For the period from
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1990 Lo 2C0Q is shown in Table 5.2., and the annual increase
rate will be aboul 5 percent lor some years closer to 1990
and will gradually drop to about 3 percent lor years nearing.,
to 2000. “he average is about 4 percent. The estimnted
traffic volume in 2000 is about nine times as much as that in
1973 for wvehicles, six times for rallvay freight and eight

timos for railway passengers.

These irafflic volumes ave not everestimate. According

Yo the information supplied by the Highway Department of

thailand, the traffic on main inter-urban highway routes in . .-

Thailand has been growing at an average rate of about 20 pev-
cent per year over tlie last five years. The data which Lhe
bridge team has collected at site in the First phase investign-
tion show that the traffic of vehicles running between Udon
Thani and Nong Khai has incrensed up to ten times for the

recent four yenrs.,

Discount rate

Three kinds of the discount rate, 3 percent, 10 percent
were considered for the economic justification and ihe s tudy
of the financial feasibility of the Lridge vroject. The repay-—
ment periods [or these discount rales were fixed at 40 years,

2% years and 20 years, respectively.

The economic evaluation was made by means of the internal

rate of return meilhod, too.

Transshipment cost

The saving of the transshipment cost in Tha Naleng car
ferry has been taken into account for ithe estimation of the
benefit of the project in the Second Phase Heport as well as

in the Mirst Vhase Report.

1t was 'suggested by the Advisory Boeard ithat the possible



present. cost of intermediate trade might diseppear in case a
roj t/highvay bridpe with o railway station in vientiane would
be constructed, and Lhat in case direct shipment could be made
from Bangkok to Vientiane erther by mail or by road, the de-
crense i1n the cost of imported commodities in vientiane should
be much more important than the transporiation and bransship-
ment costs saved by the bradge.

e braidge team 1s [ully aware of the above two matters.
3inee the saving could be considered as a direct benefit, it
was not taken up in the analysis of the direct heunefil in the

Yecond Phase Report, but was talten up as an indirect heneflit.

N

5.4, Purther Iuvestipgantions

Mogt of the fensibility investipations have boen completed in
the first and second phnse 1nvestigetions, but there still remnin
same more fasibility investigations to be made., TFurthermore, various
kinds of the detniled investigations will be necessary for the actual
construction works of the project, and the detailled Jdesiymn of the
rrajeci structures and the preparalion of the temler documents have

to be undertaken before the consiruction woriks will he commenced.

The Tollowing are the main field investigations to be carried

out. before construction.

{1 flowte survey of fthe railwav to be exltended
from Nong Khni o Vientiane

In case that the Mekong bridge would be decided as a
rail/highvay bridge, the norihenstern irunk line of the Royal
State Mailwny of Thailand will he extended over 20 kilometers
to run bhetween Tha aneng.and Vientiane in the territory Ofi

Lavs, after crossing the Helong.

As explained in detail in Chapier 11T, Pavagraph 3.2.,

{ive rouies arc conceivable. The merits and demerits of each



of these routes have been studied in Paragraph 3.2.. 4As a
result, the roule C gives the least construction cost and the
combined route C.D is parlicularly desired by the Laotian
Government. These Liwo routes pre finally considered to be

more promising than the other three.

Althoupgh the reconnarssance of the five routes was already
made in the first and second investigations, no delailed sur-
vey has been executed yet. The Pian of Operation tdescribes
only Lo make ihe reconnaissence of the routes and to stuady the
possibility of the extension railway. This was because it
was considered that there was almost ne possihi}ity of construct;
ing a rail/highway bridge along with the extension railway up
to Vientiane at the time when the Plan of Uperation was signed.
The final conclusion of the Second Phase Report, however, is
to construct a rail/highvay bridge for ihe Nong Khair Hridge
Project from the resulis of the feasibility stulies. This
conclusion has accorded with the strony demand of both Laos

and Ihailand.

Such being the circumstances, it 15 i1mdispensable 1o make
the feasibility siudy of the vailway with ithe sane aceuracy
as the bridge and for this purpose the route survey of the rail-

way should bie conducted.

The Japanese Government is going to carry oul this survey
in a very near future in compliance with the strong requent

made by the Mckonp Commitiee and the laotian Government.

.

Field investigations concerning the bank erosion
and river-bed scouring

The problems of the bank erosion and river-bed erosion
atiribulable to ihe bridge.piers have been selved to a certain
degree in the sécond phase investigation, The bridge team
made an invesiigation on the bank erosion and river-bed scour-

ing around the water supply tower located ai about six kilo-
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meters upsiream of Vientiane as a good example. The resulis

of the investigation have been piven in detail in Chapter II.
This sort of the investigation was also made in the mest by

the Laotian Governnent, and the dota obtained are also given

in Chapter II, As hoth investigntions were made in dry Seasons,
the actual conditions of river-bed scouring and bank erosion
which are most vielent in rainy seasons have noi been grasped
Tully. 1t 1s impossible to formulate the most appropriate
measures against these iwo unfavorable actions under such cir-
cumstances. Therefore, the lield investigntions should be
performed in a rainy season to grasp the actual conditions of
the river-bed scouring and ihe bank erosion around the water

supply tower in the Mekong.
Ly z

Furthermore, the erosion of the bank on the Laotian side
that at present causes due to the hend of the river course up~
stream from and nearest Lo the bridre stte, and siltatien on
the Thai side near the bridge site should be analyzed for
future reference. 7Tt is also necessary to ascertain the Ilow
condition of the Melong near the bridge site durinyg flood

50aS0ns.

It 15 adviable Lo conduci a model tesi to obipin the

compreiensive solution of the above hydraulic problems,

Detailed materinl survev

Considerably detailed investigations were made in the
second phase investigntion as to the concrete agrrepsptes,
embankment materials and so on, but more detailed investiga-
tions will be required on the materials mentioned below for

making a detailed design of the project structures.

{1} Concrete nggresates
To decide the design mix for concretes with different
design compressive strengths and to make plans for the

supply of cement and agpregales, 11 is required to urasp
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the physical proverties of tne aggregates of the finally

selected ayggregate piis,

River sand and gravel for pavement use

Crushed stone is generally used Tor the wearing
course, hase course, and subbase course in highways, bub
it is not easy to obtain crushed stene near the project
aren. For this reason, 1t was planned in the Second Phase
eporl to use the sand and gravel of the Mekong assuming
that they could meel the required values of CHR. 1L is
thereflfore necessary Lo do OBR test actually at site at

an ecarliest moment.

tmbankment mntferials

The 1nveslipgntzon was made on ihe embankment materinl
For highway in the second phnse investrigetlion, and 11 wvas
found that {he subseil 1n the mrajeet aren has a nature
1o swell when snturnated with water, Thas Kind of soi1l is
unsuitable for use as embankment material for hipghway and
railway. Detarled explanablions are given in Chapters 11
and 1I1 coneerrang this matter and the data of soil test
are comp1lcé 1n Appendices., Seil-cement mix was considered
ns a measure ajminst swellang in this report, bui it is
indisvensable {o further probe into this problem in the
future, Tt is also recommendable to seek erbankment

material of betisr gualily {rom other sources.

nllast

Mallast of high herdness is nol available near the
project area. Tt shall be transported from the area
around Sara Buri or Loi. Although the ballast was assumed
Lo be supplied from Sara Buri in the Second Jlhase Report,
the detailed investipation sheuld be maode on the sources

ol supply.

Laterite and stone
A detailed investipation should be made regarding

these materials, ioo.
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(4, Detailed topographic survey .

W o aw

The plane table survey and the route survey mode in the .
second phase 1nvestigation are not enough to malke the detailed
design of 1he projeet structures. A detailed tepographice
survey shall ke made over the whole project aren hefore con-

siruetion,

Firsi of nll, it is required to unify the elevation of a
nuzmber of bench-marks lying here and there in the project !
area extending over hoth countries, Tor, a difference of 18
centimelers was found between the elevation of the bench-
mari in Lhe site of Hvdrographic Office that was learned by
the Thni authoriiy concerned and the reading of the eleva-
lion of the said bench-mark that was measured in the second
phase investigation brsed on the originul bench-mark V-0630,
ELI70.105 meters above mean sea level, in Vientiane. ihe
reading on the Thai side was higher, and the accuracy of the

survey made by the bridge team was within two centimeters.

The different indication of the elevation of one bench-
mark in ithe project ares has to be avoided by all means because
such may pive rise to a serious mistake in the censtruction

of the projecl struclures.
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Table 5.2,

Comparison heiween the rail/hishway

bridpe and Lhe hiplwavy bridge

Rail/highway bridge

ighway bridge v ™

Ttom Unit Toll Non-toll Toll Non-toll Lua
I. FUTURE TRAFPIC
1, Estimated future trnl‘l‘ic’!‘l‘
{1) Vehicles
A.D. 1973 Vehicles/dayv 74T 1,273 1,934
1990 " 3,647 8,317 6,377
2000 " 6,941 12,459 9,490
{ii) Mailvay freight
AD. 1973 tons fiay 591 609
17290 " 2,5%5 2,664
) 2000 " 3,760 3,873
- (ii1} Hailway passengers
A, 2973 Persons/day 337 361
1990 " 1,796 1,922
2000 " 2,654 2,840
2. Annual traffic growth rate A
11973 to 1990, .
{1} Vehicles 7 11.4 1.4 11.0 11.0 7
(ii} Reilway freight " 9,1 9.1 Tt
{iii} Reilway passengers " 1004 10.4
3. Annuel traffic growth volume T
(1990 to 20C0) N
{i) Vehicles Vehicles/year 83,731 151,183 113,588 182,7_19 " |!
(ii) Railvay freight tons/yenr 42,851 44,129 o
(iii} Reilway pnssengers I'ersons/year 31,317 33,507 -
T1. DIRECT BENLPTY . =
il
1. Annual benefit==
(i) Loan IQ, {3 %, 40 years) uss 8,784,000 8,546,000 - ’.‘
(ii} Loan 1L, (7%, 25 ) » . 5,923,000 5,902,000 oA
{iii) Loan 111,(10 %, 20 ) " 3,929,000 4,632,000 -
(iv) Grant/d " . 9,281,000 8,994,000 : °,
2. Capitalized benefit T R
{i) Loan I (US3) 174, 845,000 170, 002,000 Coel
{ii) Loan IT " 55,404,000 55,152,000 - SR
{ii1} loan II1 " " 27,612, 32,160,000 T‘“‘:;
(iv) Grant " 289,644,000 280,161,000 3
IIT. CONSTHUCTION COST {Us53) 20,000,000 20,000,000 12,000,000 12,000,000 iy
1V, ANNUAL COST .
1. Annual fixed cost oy ‘
(1) Loan I Us3 #1839, 500 500, 300 : :
{1i} Loan 11 " 1,516,600 888,600 P
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Init - — T
Toll Non-tall Toll - Nonstoll .-
- P T
(ii1)} Lean 111 uss 2,055,700 1,220,500
{iv) Grant " 839,500
2. Annual vorking expense " 00,100 288,100 198,900
3. Annual cost
(i) Loan I Uss 1,198,600 699,200 ;
{11 Loan 11 " 1,825,700 1,087,500 T T
(i1} Loan 111 " 2,364,800 1,419,400 = AR
(iv} Grant " 1,177,600 665,700-
4. Capitnlized cost -
(i} Loan 1 U83 A7, 145,000 16,598,000
(ii} Loan Ii1 " 24,121,000 14,652,000
{2i1} Lean 111 " 23,023,000 13,945,000
liv} Grant " 26,659,000
3. Useful life years 39 39 43
V. BENEFIT-COST RATTO
(1) Loan I 7.3 12.2 .
{2} Loan 1I 3.2 ; St
{3} Loan 111 1,7 3.3
{4} Grant 7.9 . 13.5 .
VI. CAPITALJIZED NiT BEVEFIT ) ) N
{1, loan I uss 147,701,000 153,404,000 .
{2, Loan IT " 31,283,000 40,500,000
(3, Loan 11} " 4,539,000 18,215,000
(4; Grant " 262,985,000 204,338,000
YIT, ADEOATE Tlli.l.é ' -
(Current ferry. .
{1; Loan 1 charge)
(1) Buses Bahis/vehicle 5 (57)
(i1} Personsl cars * 5 {40} "
{121) Taxis " 5 5 {40}
tiv) Heavy trucks " 3¢ 10 {rae} .. "
{v) Light trucks » 5 5 (57} .
(vi) Motoreycles " 5 5 {5) :
(vii) Hailway freight Babts/ton 5 (40}
(viii) ln:rlway passengers E!azlts/person 5 {5} '
{2) Loan I1
{i) Buses Bahts/vehicle 25 5 T
{ii) Personal ears " 5 ‘ "
{iii) Taxas " 5 3
(iv) Heavy trucks " 100 50
{v} Lighi trucks " 25 5 .
(vi) Motoreycles " 5 )
(v1i) Mailvay freaght Bahts/ton 25
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Wril/highway bridge

Iten . Unit
Toll Non-toll
(viii) fnilvay passengers Bahts/person 5
(3) Loan INz
(i} Buses Bahts/vehicle 55
{ii) Persornl ears n 33
(iii} Taxis v 35
{iv}) Meavy trucks " 110
(v) Light trucks " a0
{vi} Motoreycles " 3
{(vii) Nailway freight Bahts/ton 10
{viii) Railway passengers Behts/person 5
VII1. INTERNAL RATE OF NRTURN 5 12.4 16.1 16.0
IX, INDIRECT RBENKTIT
1. Transportation-cost saving
between Nangkok and
VientinnalS tss 19,635 528,652
2. Stock saving Yied " 342 42
« Income of landowners due to
the increase of land price
(Total present worth of those "
frem 1973 to 1990) 13,140,C00 13,140,000 © )
4. Agricultural develapment Expedited Iixpedited T

3. Livestock industry

6. Mining Mueh expedited

7. lumber industry Huch expedited

8. Urbanization fapid Urbanization

of the vicinity of the

Vientiane Station expected

Self-sustaining expedited

Self-sustaining exp?djteh

Somevwhat expedited . . -, %3
Somewhat expedited

No urbanization
expected L

Itemarks:- /1 These values have been estimated under the condition that the bridge tolls are

all the same as the current ferry charges.

/2 These benefits are the sum of the time benefit and cost benefit, and are the
largest that is obtainable within ihe amortization period of losn.

/3 Three kinds of loans have been take as fovorable loans.

that of 20 years at 10 percent rate of inferast.

The first loan has
the repayment period of 40 years at 3 percent rate of interest, the second
loan has that of 25 years at 7 percent rate of interest and the third loan has

[4 In case that the construction cost is financed with some generous prant, the oL

bridge is of non-toll and therefore no repayment is necessary.
vill be treated in the same manner as the Loan T to confirm the advantage of

the project.

[5 The adequate toll of each traffic component hns been so decided as to give the
maximum benefit during the amortization periad of the lomn,

/6 These values have been estimnted on the basis of the data of the import of e

Laos in 1968.

/7 These values have been estimated based on the data nf the import of Laos in

1966.
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