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PREFACE

In r.esponse to a request from the Government of the Sultanate of Oman, the
Government of Japan decided to conducl a Feasibilify Study on THE ROAD
DEVELOPMENT PROJECT IN THE SULTANATE OF OMAN and entrusted the study to the
Japan International Cooperation Agency (JICA).

JICA sent a study team to the Oman between February 1994 and October 1994.
The study team was headed by Mr. Satoshi WATABE and composed of members of Pacilic

Consultants International and Fukuyama Consultants International.

The team held discussions with the officials concerned of the Government of Oman,
and conducted field surveys at the study area. After the team returned lo Japan, further

studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the

Government of the Sultanate of Oman for their close cooperation extended to the tcam.

January 1995
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. =
/L( /l/@
Kimio FUJITA o

President
Japan International Cooperation Agency




January 1955

Mr. Kimilo FUJITA
President _
Japan Intcrnational Cooperation Agency

Tokyo, Japan

Dear Mr. Fujita
Letter of Transmittal

We are pleased to submit you the study report on the Road Development Project in the
Sultanate of Oman. The report contains the advice and suggestions of the authorities
concerned of the Government of Japan and your Agency as well as the formulation of
the above mentioned project. Also inclﬁded are comments made by the Ministry of
Communications, the Sultanate of Oman during technical discussions on the draft final

reporti which were held in Muscat.

This report presents a scheme for construction of flyovers and pedestrian underpasscs

and maintenance and rehabilitation study on the existing bridges.

in view of the urgency of the road development plan in the Sultanate of Oman and of
need for socio-economic development of Oman as a whole, we recommend that the

Sultanate of Oman implement this project as a top priority.

We wish to take this opportunily to express our sincere gratitude to your agency and
the Ministry of Forcign Affairs. We also wish to express our deep gratitude to the
officials concerned of Ministry of Communications, the Japanese Embassy at Oman for

the close cooperation and assistance extended lo us during our investigation and study

Very truly yours,

Sateshi Watabe
- Team Leader

The Study .on the Rdad Development Project
in the Sultanate of Oman







R/A-6:
Traditienal Dhow &hip on the wale]
monumanl and distinctive silhoust

To: Musandam

WA-1T: . :
Landscaps of this rqundsbout COMpases grove on paved
mound and water fountaln, and thia s the zome

. tepr ive scsnery of the Omanl nature. A new proposed manumant would become. s signiticant lendmark of Schar. The type-B flyover
. would bo cooporated with some arch design continuty to the new manument.
AA-97 . : * ]
Shlnas OF OMAN

To: DuBag

RIA-13: . ' - i

Landscape of this toundsboul composes monument of islamic Omani observation

dome on' the alr, and this monument looks distinctlye impression.
° .

R/A8:

Type-A fly

trees woul
- continuity.

RIA-99
Fala} Al Qabail

R0
Suwathrah -~

Landscape of thls roundabout composes - - ‘
manement of white horse on the lerraced | @
green, and location of the white horge Is
on the seaslde.

Al Hijari

\

RA-D: °
This area of reundabout Is In
plane ground and awalling a
future landscaps development.

RAA18: . .

Maln carrisgeway would be adlusied 1o new alignment and local road Becomes to cross
over the main highway road. Central locsled columns of plers would be consldered as visual
tandmark solution, :

AR . .
T'ypo-B fiyover would have wide apace In roundabout for coopsrallng with the axisling
lsndscaping a3 well a5 fulure consideratlon of the monument modification.

RA-11:

R/AAS: Landscape of this roundabout composss monument of row of palms und water

Thia aiss of roundsbout I8 In

. ' element, 80 called casls coneepl
LANDMARK / FOCUS 733} plana.ground and awailing a B B el 7 R : 1]
FLYOVER TYPE Spocial Type Type-B future landacape development. Type-C . Type-A Type-B - TypeC .Typ!,*-B(.‘l‘yp.e-D} Type-C Typo-A
A0 R0 _ o . BAAeto Gl . mee A9 A1 - 90
Agr Shinas = ; * Liwa Majis OTOKM FajgfplQabat . Sallan Sohar Suwainiah - : Saham - Al Hijar
FLYOVER PRIORITY : '



T Mosandan

BA-T.

Landscape ©f this roundaucutl compises grove or paved
maund and waler lountain angd this 1s the some

To DUBRAN

owauid e oadjasted e orea aligacent ang 1gcal road becomes to Cross

gy raat Ceptrat iogales tooumas of olirs woold be considered as wisual

A-1E
CANDGMARK [ FOCUS ﬁ 1
PR TYPE Type-B

Field SHTY

Spacial Type

This area of roundabout is in
plane ground and awalling a !
luture landscape developmend

OF DMAN

Lendscape of this reuncanoul compesss
monument o! whlte horse on the teraced
green and igralion of e while horse i

on Ire seasile

« representative sceneny ol the Qiram natire

RIA 12

RIA-1D
Landscape of this roundabout cempases morument of istamic Omani observabion

dome po the alr, and this monument looks distinctlve impressicn

A new propased momnnent wculd becons

would be cooperated  with some arch

Gl BATIN AR

Ry

\ A
§ Suwaihrah -~

RN
Type-8 fiyorer aould have wide space in reundaboui lfor cooperating with the exlsting

landscanlng as well as future considesatlon af tne menument meditlcation

0 @

Type-8

A Y

Type-B (Type-D} Type-C

Type-A

il AR

Landscape o this roundabou! fompases
element, so calied oasts concept

e A

Type A fiyoeas oo

ar Tne e hever

P

It would be oo

/::»—-‘Qj‘..—:}iii“-;-«_- -r__.:.._ - -,::.,;_‘;'?;_, 5,.,— o

Al Munlelah

>

Shinas

VEVOVER PRIORITY

ey

12.016km

tajis S7EPKM Eaai Al Gaban

saham

A )




RfAG: . . -
Traditlonat Dhow ship en the whler concept Is considered as a significant symbol
reonument and distinctlve sllhouette. It should be preserved with high priority.

Existing waler four
and the water -fout

RA12: . .

A new proposed monument would become 8 signlficant landmark of Sohar. The typsB flyover
. would be cooperatad with somé arch design continuity 1o the naw monument

[}

ol composes . mehument of kslamic Omant obseivaton
monument looks distinctlye Impression,

R/AS: .
A new landscape of Whls area would be organized by refiection of a type-A flyover and
relocation of a pair of eagle become s rew effectve landscape {ocus.

/A a:
Type-A fiyover would cross over the area of flowaring plants, some symbolic large crown
trees would be reconumendsd to plant at the centra! area for emphasizing tandscape

R/A 10: 8 X contintity. "
Type=-A flyover passes over the roundabout area with slight mounds and grbves. _ ’
EUA-9 Wor appcared.nn Image of a flyover passlng through rch follaged green area. : : : e Al Suweiq
Suwalhrah T~ :

FA-7
Suwelq

BAe

Al Hijarl l
' . Khaburah ,
| N —
R/A-S: Y
This arsz of roundabout Is In
plana ground and awalilng a - RIA-4: ;
tulure landscape development. Rock piled mound with anlmal sculptures on the liat garden Is . Retalnlng wali:
landscape character of the area, and this fandscape concept Long expanded
shall be express part of representative Omanlt natural features. of the engrave

n roundabout ter caoperating with the existing
jon of the monument modtication.

RAAE : =
Landscape of this roundabout ¢omposes monument of 1ow of palma and watsr

R/A-T: .

element, 80 calitd oasle concept . . = ey
Eﬁ ﬁ ﬁ ﬁ This area of roundabout is conslsted flower garden on the ﬁ ) ?ﬂé i
Type-C Type-B {Type-D) Type-C : Typa-A Type-A siight mowid, and major objeclives are groups of planis, Type-A Type-B

- A7

o]

&8 RV

Suwel Wudam Al Sahil Al Muladda Masnaah
q

Sallan Schar  Suwalhrah : " gaham Al Hifart : Kheburenh



SN PROJECT

[

BOUTTS THI

)

;

A\

teaditonal Dhaw ship on the waler concept s considered as 3 signiticant symbol

monument and distinctive sithoaetie it should e ooresersed and hogh pooesty

Easting wite

*ﬁ-?*\ . and e water loun!

£orow propsed merumest gould beccme 2 s geificant dandmark @f Soras The hyre Bofaver
Wl b roopetalei s e ot arch dediges continukly 1o the new mangoeent

5

: ] p
sl
- % oSl ayy b
- T L = ¢ AL
R i e "%ﬁmw R e s
AL

pee el
i

R B

A row Candscape of tmis area would pe Segas

rpigcatan al a pac ol eagle henome 3 ncea afectne

3! i!:
: a;'}.ﬁ"'\"'* 2
e T R b m‘mmamm':r.-.riq\
Frrevrn e ey RS
"'-"n"?'-h"""'iﬁm £
i !\nhum:.\mu q

pyg L

Wudam Al Szhil

RAB
Type & flyover would cross over the area of kowenng plants. same SymDods args <roap

1]
RN

trees woult be recommignded 16 planl &1 e tertral ared lor emphasizing andalsee

canunuly ®

arza wite: slight mounds and graves

¢ gassing through noh loiaged green area

GULF OF OMAN

o Al Muntafah

P I TR

i {ll Khaburoh s

e s e &

SN L)

Khaburah

A

Tris arez of roundabout is In

plane grounu and awaitlng a

future andscape  deuelgpment Asck pifed rmaund w th geimal stuiplures an e fal gander s Helaiving wak

ardscape chasacter 2' the area and his landsodss

sna'l be erpress part ot represeatalng Gmen’ aalea e

e u! s rousdaborl composes monument of e a1 patms anag water

. N Lo zabgd sosle conoeplt AT — — —
f‘l:‘ E{"L Tnis area ¢f roundabout is consisled hower garden on the L_J F}. Tﬂ.j.
f T ypet tyoe lght mourd and majes objectives are groups of plants Type & trpe D ype-A Fyps B
. . . . R R TARE Tilleed PR
RERRER e FERY i N I
—— TN, £ L §e3 . : : : T ) {‘:‘2 Comakmo éﬂ? C 74k '?ﬁ';n <‘-ﬂjq7qkrsi ™S &
>r§4§ <s_oeakm> ¢ <5.402k@ gl T T oz sk ATSIGkm ; B e S EBC rasn > AT T
o RERATE Lol Sliveadlual Sahamt Al Bijarl Khabuzah Suweiy Wodam A Sam! Al btuladdan Mascrah

e Pt P s



icant symbo?
priority.

R/AS:
A new landscape of \his ares would be organlzed by reflection of 2 type-A Ilyover and
relocation of a8 palr of sagls become a new effective landscape [locus, .

BB
. Al Muladdah

llowerlng plants, some symbollc laige crown
cenhlral area for emphasizing landscape

s

A3 . .
Exlsting water tountain would be observed at openings between cenwral plars of the fiyover,
and the waler fountain appears in white and elegant stihouete with arch formed plers.

Al Suwelg G
y | RIAG
Wudam Af Sahil
L ]
A7
Suweiq

Al Ghattl

rA-: .
Rock plied mound wih animal sculplures on the fiat gasden Is
landacape characler of the area, and this landscape concept

shall be express parl of representative Omanl natural features,

VA-T:
This ares of roundabout Is conslsled flower garden on the W ) ﬁ
slight mound, and major objectlves are groups of plants. Typeh Typed TypeA

R

Suwelq : Wudam Al Sahlt -

Al Muladdah

S

RiZA=0
Masna'ah
" [
)
{
i BEy
f ! f al)

} !

o Retalning wall; . . )
Long expanded solid surface of tha retatning wall would need famiilar features, Introduction
of the engrava of teaditional patiemns o the wali would present more harmony and continulty. ’

Type-B o . . Type-A
FUA-4 '

Masna’ah

A
Traditiona!l Oimnant cltadel arch gate s considered as
a sfgalficant monusmentl and distinctive silhouette ot
the monument should be high pric

To: MUSCAT

Bait Al

RAAT
Balt Al Barakah =

Ny RA-2

Naseem garden

A2
Type-A flyover would be 3 new symbol of the roundaboul, an Image of white Ryover and
white gatden towes wih flowering plamis would tepresent Maseem Garden environmeat.

LEGEND
ROUNDABOUT / JUNCTION
COMMUNITY & TOWNSHIP
LANDMARK

LANDSCAPE FOCUS

FLYOVER PRIORITY

INDUSTRIAL ESTATE

Entrance faclity of padesirlan underpass: - .
Localton ideniification, community amicable and atiractive appearance design feature of the
entrance faclilty would encourage peoples to use he pedestran underpass.

4 W
Type-A . FypeD
A
To: MUSCAT

o



AR T

Lorow e

R/A 3
Earsting water fountair wouid DB oh3erved al openings between cenlral plers of the 1yover,
and the waler founldn appears in white and eegant silkouele with arch tormed piers

astape ©f Iwvs area woudd be trganizec by reflection af a typed hysver ang

Nt a pac ot eagle becaine 3 ~ew eHeotve lanuscape focus

GULF OF OMAN

gabivat s vonsisted  flowes garden on the

a0 Ghject es e Qroops of prants

Rock pied maung w'Ih amimal sculplures on the Nat gasden s

ianrdstape character of the area and this landscape concept

shall be eepress pan ol representalive Groant

natural features.

Retatning wal
Long expanded sokd surface of he retaining wail would need famlilar fealures. inlroduction
o’ the engrave of traditional paterns lo the wall would present more harmony and conbinulty

o frv

Typs-8 Type-A

SAQ TEe

Suvreit) Wudam Al Sahil

Masna'ah Barka

Rt

traditonal Fnani Jradet arc: gate L vorge

as

3 s5gafizant manomanl amd st I N

e mororent §atL 2 by opreserved wih v

I

M‘f\% o scar

Type-A fiycver would be 2 new § redatoat  an image of w

white garger twer wir Sawerin

represent Masesm Saster erw

LEGEND

§f’§- ROUNDABOUT 7 JUNC TN
tf‘\“) COMMUMNITY & TOWNSHID
LANDMARK

LANDSCARE FOCUS
FLYGYER PRIORITY

INDUSTRIAL ESTA{E

q

&t i
=

T ey

0 i
1!
't’".'.!aj‘l.'--—

o e
= T
—

Enlrance facilly ol pedestrian underpass:
Location derlfication, communily amizable and attraclive appearance desgn featurs oF the
entrance lacily would encaurage peoples o wse the pedssirian underpass

Y

Type-A

A G

%

Naseem garden

L > To MUSCAT

5.10km

Bait Al Barakan

/»‘-\,:



SHESSVAEAAND NVISLSEAHd ANV SYHAOATY | ADNIOV NOLLVHILOOD | LOAroEd INFWLOTIATd
IDAMISNGD NO AGALS ALFTIEISVA YOI VN NOLLVDOT | TyNOILYNYALNI NVAYI] QVOd NO AQNLS IHL

NTCRTIATL 1

ER T

F r——
T =

f ? ' ¥ ;

zanawopy Qre 244 00z 8L 091 ovt azL soL ag oo av

Loy, 70 S . :
., L N Sl « e
X T il = A v L)
P . N .
N Y ¢ &‘ VL el 1 VM VIO R
. 4 " s v o GRIIN %, c_»&m :
{ Y ] L riues ,
gn.::EJ. - b ,S.ru_d & raansy
L . s g i

2
TR
nbites op 0T
b \a.\n.
Ttym

¥ TN o ffr ' h\\ WAnghal _<... o

s g#eoT / . - fusnep §
o f A 2 0 oagsne LMH_HLEIM
T I ) 3 4 . A i I
> u B . " i}

i R S Ay
HYELAW uuﬁ“.r. ¢a%5 Sy A
ey aQpog oy
sz

. :un?.:gzn

Vi YEReaey v jieg (1) I Y o gy, Y
L2 RS o 5 §0 P S0 v»c ol T ' ' i Yidaadl n& R g RO, \\ ’
Yig PIBD) E2ASER] @Gr.. ooy s.-.. m«‘ ,Suucv.. - gy F :a@ﬁﬂm??zn 7 LM ah% - .
. _‘_n_u_«. l\\.a%.mﬂ\nnzuw % LD . f
ot T . uRAWAD
Vg exaey (£} , S .m.‘u . .\&m%nzua
" y ' AL ANGY " anity -
vra nw.ﬂﬁ_mmz @ vz AL T

med Y ._d.:.

..... weaer,
<

HODSHIT TEPPEINNTY () V7d GEINgETS] ©)]

. o HEAN 1Y 3
. Y/g [14es Sy Wepiij i . euy oy, e b
i g T AU uondInt 138y 1v (5) Ao ‘.,.nh_u@“za. . g v
k b TR ' - " B - & 9 mrug® .
i ) Vi o s @ Y/ weyeg @ masys yry poi R 4 :
Nu\mum. y , frenH )
o~ Y7 yeljiemng @ - Teoer
- . YRR 13, . %l ; o
TG @ _E\_m_. B S e )@
e . . YO 1o ey v romare .
U7 GEE o) . PL T

’ e, I 2 < 3\
- Ak A h &
S .\\ i :ai& Ry, m -~
1 b

‘,.I.z_n:E\“.r v IPOLE. = KX
i, R 'y
,,,. e %

ay u %
i~ B
Doprr et e (). A
#H“n.huww.rﬁr_..wﬂn:i&c o,
e me

" f

VIl HEGED 1V oA )
Vid SLERA
7 A

Vi Seulys

L2

Z <

HYDEVYHS HSY
&, Curmipfy




LGS ANTNSOTHAZLC
AYOd NO AQNLS 3HL

P -

!

it g AT L .
- 2 . .-
ey, o T =2

S peane T 4

i

iy

WESLRL 1E B0

: Vi e

y
i
1
j
i
i
5

P T L

Ly yuRponn

v HGE TR




CHOUINE ONIISIXE ANIN | ASNSOV  NOLLYANAd00S 1 LoRI0Nd LNENAOEAaa
NO Q018 7Q;§§m%ma@z<muizmwégmoiﬂézo?ﬁﬁ NOLLYNYA LN NYavE |l avOu NG AdaLs il

oo orl [:14) ofL o8 o6 o6

TR N i

4 ST D A
4 PO gl )
o -

N .
LR gy

T Sz

Tl b el e
et

Pl
\o\‘vﬁp;;

" regup z?m&.is.‘.,
B A TR
S0 a1

. -2
—_:.E.m -
:

IPEH .
_._.:.m ; g

@-OZ u‘vﬁ.mukm. ) .t_cqc.._.ua__u._q\.._a
sbDi5 L2 Yl ssbplE W . T
. ’ e e T i 'on 28puig
aboys gl vt sebpuE E i
gNZ937
=
<

W - 102U ¥ ,
o emme T '
\v . . madind ]




- i - -
T e e e i
- il 13 .Mn
- . - ™ - Mw .
¢ .
: %, ’

A

T
e R MR
e,

i ! ‘ E : . N

._,v._c:(u [

e v S Y N, o
i RENEN o N
e —

e

K Dpanigenr
e

e AT

[y

Ly

VOIS KT E
X




SUMMARY



SUMMARY

The Batinah Highway (National Road No. 1) is an expressway (speed limit:
120 km/hr) stretching 274 kilometers from the capital of Muscal along the Gulf of Oman all
the way to Khatmat near the United Arab Emirates. The Batinah Highway is positioned as
a vital road link connecting Muscat to agricultural regions in the interior and to the

neighboring United Arab Emirates.

The Batinah Highway has rotary-type at-grade intersections {roundabouts and
junctions} in 18 locations. Monuments and other objects are positioned within the rotaries
for scenic effect for the henefit of vehicle occﬁpants and local residents. Nevertheless, while
the highway is designed for a maximum spf:éd of 120 km/h, an almost complete absence of
grade ‘separations forces local residents to walk across the road. As a result, there are
constant pedestrian accidents involving vehicles travelling at more than 100 km/h. For the
residents of villages divided by the liighWay. crossing over {o the olher side can be a
dangerous undertaking. The construction of flyovers and pedestrian underpasses along the
Batinah Highway is an urgent task for the Sultanate of Oman in ihe interests of public

safety and smooth traffic flow.

- Furthermore, while the Batinah Highw'ay has few bridges itself, there are many
bridges on trunk roads also along secondary roads, which link the interior to the Batinah.
Highway. Most of these bridgeé were bullt in the 1970s and after, and design loads are
unclear for many of them. There are'currentl'y 68 bridges (44 reinforced-concrete bridges,
12 pre-stressed concrete bridge's an:c"l 2 structurél sleel bridges) maintained by the
Directorate Geﬂera} of Roads (DGR). With an increase in traffic volume accompanying the
economic development of the Sulfanate and a greater number of hea\'ry vehicles, the
deteriora_tiori of these bridges is proceeding more rapidly than expected. In relation to the
Sultanate's roadway development program, the maintenance of existing bridges is of
equivalent importance to the construction of new ones. Here, the DGR is hurrying to
formulate a general maintenance and rehabilitation plan that includes routine inspections
and examinations, determinations of load bearing capacity and measures for mainienance

and rehabilitation, .

To resolve these problems, the Sultanate of Oman, believing that the development of

roadways as an important infrastructural element for conveyance and transport is a basic



requirement for domestic economic growth, has requested {hat the government of Japan

perform the loHowing:

Feasibility Study on the Construction of Flyovers and Pedestrian Underpasses

along the Batinah Highway
Maintenance and Rehabilitation Plan for Bridges (DGR {o select nine bridges as

model cases)

In response, the Japanese government dispalched a study leam to Oman in February 1994

to conduct a study. Presented below are the findings of the Study. The Sultanate of Oman
is currently studying these results with the intent of incorporating them in the 5th Five

Year Plan to be implemented in 1996,

(1} Feasibility Study on the Construction of Flyovers and Pedesirian Underpasses

1)

2)

Future Tralfic Volume and Socio-economic Framework

Traffic volume in the Batinah district is high at about 20,000 vehicles per day.
‘This demonstrates the attracting power of Muscat, the capital. . An analysis of
the socio-economic framework of this area leads to the forecast that, by 2010,
the populatibn of Batinah area will reach' 808.000 and the number of
registered vehicles will increase 3.6 fimes to 975,000, Traffic voiume Is also
forecast to increase by about three times from the present 69,700 vehicles to
210,000 vehicles by that time. Consideriné the likely’ app'ortionment of this
traffic onto the Batinah Highway, it becomes apparent that, in areas with
much traffic influx from roundabouts and junctions, traffic volume wil b_ecorhe
excessive and traffic demand will exceed the level at _whiéh' it can be efficiently
handled.

Consequently, to assure a smooth {raffic flow well into the future, it is

necessary to prompily construct flyovers for major roads and, in addition, take

measures (o assure pedestrian safety.

Design Outline of Flyovers

The folldwmg désign standards are applied in the design of the_high\_&fay and

ramps.

-l -



3)

4)

5)

Highway design speed: 120 km/h

Ramp design speed.: 80 km/h

Bridge désign: Design load to be twice thal of AASHTO HS-20;
: 60-ton truck load

Superstructure: Simple box-beam bridge of pre-siressed concrete

Substructure: Abuiment: Reinforced-concrete inverted-T-type

Pier; Same as above or rigid frame n shape
Standard span: 20~ 30m
Foundation: Reinforced-conerete piles 500 x 500

Pedestrian Underpass

The pedestrian underpasses are to be uséd by residents along the Batinah
Highway in fairly specific areas. For this reason, we selected 40 candidate
sites by considering village land area and the.presence of facilities with much
pedestrian traffic, such as schools, public buildings and mosques. From these

12 priority sites were selected for underpasses.

The internal dimension of these underpasses is to be 3m x 3m per design

specifications for underpasses already in place within the Suitanate.

Environmental Impact and Aesthetics

Environmentally speaking, while there will be some impact on the environment
during the construction of the facilities, there will be no fundamental, lasting.
impact. As for aesthelics, there are already a variety of monuments placed
alongside the road and the constructibn of flyovers at crossings will produce
somie visual obstructions. For this reason a type judged to be the most
aesthetically pleasing was selected for each roundabout. In the design stage,
work vﬁas conducted to assﬁre the visual attractiveness of the superstructure,

substructure and retaining walls.

Project Cost

* Project cost for 8 roundabouts and 12 pedestrian underpasses were calculated

‘based on 1994 project cost. As a general figure, each roundabout will require

about 1 to 1.2 billion yen; each pedestrian overpass, about 30 miilion yen.

- i -



7}

Economic Evaluation

As for the economic analysis, beneflts resulting from a change in traffic flow
which are brought about by the construction of flyovers, the cash flow methaod
was used to calculale the economic internal rate of return, the net present
value and the cost-benefit ratlo. The economic internal rate of return (EIRR)
was found to equal 12.9; the net present value (NPV), RO 2,146,000; and the
cosl-bef;eﬁt ratio {B/C), 1.09. This shows that the project is economically
feasible.

Economic Cost* ‘Benefit* EIRR (%.) B/C NPV*

23,848 25,994 12.9 1.09 2,146

* in thousands R.O.

As for the construction of pedestrian underpasses, an analysis of construction
costs and traffic functions showed that this aspect would not be entirely
economically feasible. However. in consideration of pedestrian safety, the
impiementation of this pért of | the project will certainly prove beneficial for

those living along the Batinah Highway. -

Economic Cost* Benefit* EIRR (%) B/C NPV*

1055 915 10.4 0.87 -140 J

Conclusions and Recornmendations

Converting roundabouts into flyovers would enhance traffic-related functions
and reduce accidents. Likewise, construction of pedestrian underpasses
would have great impact on the social and economic development of
communities along the high‘._vay by making it easier to cross the road, thereby
strengthening the'community bonds among thése_: residents and also reducing
traffic accidents. Because the construction of flyovers is economically feasible
In terms of the national economy, we recommend that this be carried out
beginning with those expecting the most congestioﬁ. The pedestrian
underpasses cannot be called economicélly feasible, but it is desirable in terms

of traffic safety that this aspect of the project also be implemented.

Another benefit arising from the execution of this project is 'tha_t- the linkage

between cities will be reinforced, thereby conlributing to the development of an

- iv -
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economic sphere and to be strengthening of ties with neighboring countries.
Furthermore, the new social and economic ties that will form among the areas
that straddle the Batinah Highway will lead to a sense of unity among the

villages and promote wide-scale devclopment.

It will be necessary to conduct the detailed design in consideration of economic
feasibility and aesthetics after full consideration of the present situation in
Oman, its facilities, and capability in construction. At the same time, one
must consider the importance of the Batinah Highway as an important route
of the Arabian peninsula when considering the bridging of Irish crossings, the

use of box culverts and/or thé supplying of a flood-warning system.

Maintenance and Rehabilitation Plan for Bridges

On occasion of the formulation of a bridge maintenance and rehabilitation plan, we

conducted inspections and loading tests to determine the degree of soundness of

existing bridges. The results are outlined below.

1)

2}

3)

Inspections

To determine the soundness of each bridge covered by this survey,
investigation of bridge condition, construction condition, cracks, concrete
quality and reiﬁforcing bar condition were conducted for the superstructure,
the substructure and the foundation. The results were compiled on a damage

list for each bridge.

Loading Tests

Loading tests were carried out for ail of the applicable bridges by first setecting
the most deterforated span on each bridge, loading a test vehicle on that span
and then measuring the resultant strain, deflection, crack, etc. The results
were compiled on the lists and used as indices for determining the degree of

sopundness.

Conclusion

The soundness of the bridges was judged from the results of the above tests,
As for the reinforced-concrete bridges, almost all the main girders and deck

slabs had structural cracks. As for the pre-stressed concrete bfidgcs. each



4)

had deterioration-related problems caused by structural deféefs. ’I‘he'brld'ge
most damaged was ciled as requiring prdm'p{ action because of an especially
low degree of sound.ness,' and the necessary repaifs and maihtén'mce wér'é
perfomled in 1994 by’ the DGR in accordance with its maintenance, and
rehabilitation p]ans Currenily, none of the other bridges require nnmediate
action, ‘although 1t is desirable that action be taken in order of bridge
deterioration. per the main_teﬁancé and rehabilitation plan formulated by the

study team.

Recommendations

We recommend that action be taken as below with regards to the maintenance

and administration of existing bridges and of bridges to be built.

- Provxsion of axle load restrictions {weight restriction signs) for vehicles
passing over the brluge _ _

~  Leveliing of deck surfa_(:e_{pévémént repair)

~ Repair of cracks {mortar injection)

~  Reinforcement and repair of structural defects. (recasting of slabs,
installation of cross beatns})

- Establishment of a maintenance and rehabilitation systerh

—~ Filing construction records and inspection recofds_

—  Storage.of as-buill drawings and design drawings

-l -
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CHAPTER 1

INTRODUCTION

This report is the result of the Study for "The Road Development Project in the Sultanate of

Oman" which has been condueted from January 1994 to January 1995.

1.1

Background of the Study

The Batinah Highway (National Road No. 1) is an expressway stretching 274 kin
from the capital of Muscat along the Gulf of Oman all the way to Khatmat near the

United Arab Emirates as a vital road of the Sultanate.

The Batinah Highway has 18 locations of roundabouts and junctions. However,
pedestrians have to walk across the expressway because it has no grade

separalions, and there are constant pedestrian accidents involving vehicles.

While the Batinah Highway has few bridges itsell, there are many bridges on
connecting roads linking the highway to the interior. These bridges are

deteriorating as the traffic volume and the number of heavy vehicles both increase.
As the ahove, there are two major problems plaguing the Batinah Highway.

- Pedestrian safety

~ Bridge deterioration

In accordance with the fifth Five Year Development Plan due to start in 1996, the
Directorate General of Roéds {DGR) will resolve the above problems by implementing
a poﬁcy of isolating pedestrians from vehicles by construction of flyovers at eight
high-priority locations among the 18 roundabouts and junctions and on the Batinah

Highway.

Bridges in the interior are expected to continue deteriorating as the volume of {raffic
and nﬁmbcr of heavy vehicles on the roads both increase. DGR is hurrying to
formulate a general maintenance and rehabilitation plan that includes routine
inspections and examinations regarding deterioration from decreased load bearing

capacity and measures for maintenance and rchabilitation. This plan will be.



1.2

1.3

reflected In the fifth Five Year Developiment Plan incorporating nine bridges as model

cases.,

The Sultanate of Oman believes that the road development plan as transportation

infrastructure is the key point of national economy.

In view of the situation, there is necessity of urgent investigation for the feasibility
study on construction of 'ﬂyovers and pedestrian underpasses, and maintenance
and rehabilitation study on existing bridges to be reflected in the fifth Five Year
Development Plan. To resolve these problems, the Sultanate of Oman requested the.

government of Japan to carry out the following studies.

— Feasihility Study on the Construction of Flyovers and Pedestrian Underpasses
along the Batinah Highway

- Maintenance and Rehabilitation Plan for Bridges (DGR to select nine bridges as

model case)

Study Objective

In accordance with the conditions described above and in response to a request
from the Sultanate of Oman, the Study will be carried out to achieve the following

goals.

(1) To carry out a feasibility study on construction of flyovers and pedestrian
underpasses on the Batinah Highway located along the northern coast of the

Sultanate of Oman, in order to obtain a smooth flow of traffic and road safety.

(2) To carry out soundness tests including inspeclions and load test of existing

nine bridges.

(3) To establish the maintenance and rehabilitation plan for the existing bridges.

Study Area
The Study is to be conducted in the following locations.
{1} Feasibility study on construction of flyovers and pedestriarn unde_r’passes

At 18 roundabouts for flyovers and at 40 locations selected .for pedeétl‘ian
underpasses on the Batinah Highway (Seeb to Aqr, 250 km) along the coast in
the north part of the Sultanate of Oman. .



(2) Malntenance and rehabilitation plan for existing bridges

Maintenance and rehabilitation plan for existing bridges are to be selected for
nine representative bridges selected as model cases in advance by the

Government of Oman.
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CHAPTER 2

PART A

FEASIBILITY STUDY ON CONSTRUCTION OF FLYOVERS

AND PEDESTRIAN UNDERPASSES

2.1 Generxsl Condition »f Project Area

Table A1 is a summary of the general reconnaissance survey notations,

(1)

(2}

3)

Physical Features of Roundabouts

All the existing 16 roundabouis were designed in an oblong shape in the
direction of the highway, to give stnoother running path to the traffic. Such a
design concepl is probably intending to maintain a fairly reasonable speed for

the through traffic when passing through the roundabout.

When the traffic approaching from the side approaches becomes substantial,
then difficully entering to roundabout from approaching leg may occur and

this can create long queunes and conlflicts.

Conditions of the Highway and Roundabouts

Severe rutling and cracking of highway pavement were observed at several
locations between Bail Al Barakah R/A up to Al Khaburah R/A. Section of thé
Batinah Highway beyond Al Khaburah are in fairly good conditions based on
visual observations. All the roundabouts are well maintained and in excellent

conditions.

Median Openings

There are many median openings for accesses to neighboring villages.
Alihough salety measures such as turning lane, channels and islands are
provided at some locations, the slow speed of turning traffic at these openings

are potential accident hazards in view of the high speed of through traffic.



(4)

(5)

(6}

(7)

Service Roads

The old coastal road has become the service road for villages and buildiﬁgs
fronting the highway. Traffic on these service roads is collectively discharged
at the roundabouts or major junciions in some locations. However, there arc
stﬂl many small direct accesses to the service roads or single buiiding or plot
along the highway. Traffic accessing the highway via such side-openings are

potential accident hazards.

Irish Crossings

There are many Irish crossing along the highway. | They are idenlified by the
red and white water level measuring rods on both sides of the carriageway.
There is evidence of scouring of curbs by rocks oc'casionally carried down by

rain along the wadis.

Beautification Efforts by Local Municipalily

Local municip‘ail authorities along the Batinah Highway have made great efforts
in various beautification schemes at the roundabouts and m%\jor Jjunctions.
Impressive monumenis for example are ereéted at 5 locations, namely Bait Al
Barakah, Sohar, Sallan, Suwayhrah and Wudam As Sahil Roundabouts. At
the other 2 roundabouts, beautification efforts. include generous p_Ianting of
flowering shrubs, installation of rock gardens, water fountains and live-size

animal statues.

New Development atRoundabout and Junction

Thé improved accessibility at rdundab()uts and junctions have obviously
attracted new development. New buildings of 2 or 3 story high and those
under construction can be observed at Masna'ah R/A, Al Muladdah Junction,
Saham and Khaburah Roundabouts. '

- Except for the new roundabouts at Majis, Nascem Garden and Bait Al Barakah

R/A, there is a general conglomeration of shops, restaurarit_s, and other
services such as vehicle workshops, gas statlons at the roundabouts and

major junctions. Denser conglomerations were observed at Barka, Khaburah,

“Saham, Sohar, Falaj Al Qabail, Shinas and Aqr Roundabouts and Al

Muladdah, Al Bidayah and Al Tarif Junctions.



- (8)

9

{10)

Pedestrian Crossings

Evidence of pedestrians crossing the highway is directly correlated to the
density and type of shops, services and public [acilities found fronting the
highway. The denser the conglomeration of such facilities, the higher the

number of pedestrians crossing the highway was observed.

Significant number of pedestrians crossing the highway was observed at
Barka, Wudam AS Sahil, Khaburah, Saham, Sohar, Liwa, Shinas and Aqr
Roundabouts, and Al Muladdah, Al Bidéyah and Al Tarif Junctions.

Public Buildings

The pr'éSence of public bulldings such as schools, mosques, clinic, market
near and at the roundabout or junctions are obviou'sly major generators of
pedestrian traffic crossing the highway. School children were observed to
cross the highway after they got down from the school buses on their way to
school. Shoppers and worshipers are also forced to cross the highvﬁay to get to

the market or mosque.

Roadside Vendors

There were also vegetable vendors hawking farm produce from nearby
vegetable gardens observed along the Batinah Highway. The vendors and
vehicles stopping to patronize these informal stalls are potential traffic

hazards.
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2.2

Future Development Framé and Trafflc Volume

Present traffic volume on the Batinah Highway decreases as one gets further from
Muscat. For example, Bait Al Barakah Roundabout reaches approximately 20,000
vehicles per day while Aqr Roundabout remains at approximately 5,000 per day.

This demonstrates the gravitational effect Muscat has in the area.

According to results of an analysis on the social and economic framework, the
population of Batinah region in the year 2010 will reach 808,000, or approximately
1.5 times the 1993 population. Vehicle regisiration is expected to increase by about
3.6 times to a total of about 975,000 vehicles by year 2010 from the current level of
270,680 vehicles in 1993,

‘Fraffic volume along the Batinah Highway is growing atl a rate of 4.66 % yearly.

However, populalion and automobile regislralion slatistics are growing at an even

. greater rate: furthermore, increases in ber capita mobility are also predicted. The

amount of predicted overall traffic volume was calculated by taking the average of
the yearly traffic volume growth rate {4.66 %) and yearly growth rate of automobile
reglstratlbh (7.9 %), which comes out 1o 6.28 %. The total of 210,000 trips for the
Batinah Highway was predicted for 2010 is nearly triple the figure of 69,000 vehicles
for 1993.

Ass'i:ghing this trips to the network of the Batinah Highway, Bait Al Barakah
Roundabout will have approximately 59,000 vehicles per day, while Agr Roundabout
will have about 16,000. Many of the roundabouts, particularly ones with high
volumes of cross traffic, would not be able to accominodate such traffic volume

ciliciently,

Existing daily traffic volume and forecasted future traffic demand are shown in

Fig. A.1 and A.2.



Fig. A.1 Existing Dafly Traffic Velume on Batinak Highway, 1994
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Fig. A.2 Forecasted Future Trafflc Demand on the Batinah Highway. 2010
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2.3  Grade Separation of Roundabouts

2.3.1 Design Overview

(1)

(2}

(3)

(4)

Basic Consideration in Planning Grade Separation

1} Planned area should be retained within present right-of-way as much as
possible, '
2}  Emphasis to be placed on scenlc value.

Design Speed and Element

The flyovers are designed with the design speed of 120 km/h as the Batinah
Highway was designed for speeds (V) of V= 120 km/h. Interchange ramps will
be designed for speeds of 80 km/h in constderation of vehicles which will be
exiting to and enteﬁng from connecting roads,

Geometric design standard used lor design of the 'ﬂyovers in the study is
shown in Table A.2.

Typical Cross Section

Based on forecasts of future traffic demands, the number of necessary lanes
along the Batinah Highway for the time being remain at four. The number of
lanes for ramps will be one per direction at each roundabout, with the
exception of the ramp connecting National Route 13 with Muscat-bound lanes
on the Batinah Highway (Barka Roundabout), which are two lanes.

Typical cross section is shown in Flg. A3,

Bridge Planning

Bridge planning was conducted applying the design standards formulated by

the Government of Oman, and considering existing construction conditions.
The main planning items are listed below:

- Designliveload:  AASHTOHS-20 x 2, or 60-ton truck weight load.
- Superstructure design: Simple box-beam bridge of pre-stressed

concrete.



- Standard span length:

- Substructure design:

- Foundation:

20m

abutment;

reinforced concrete reversed T-type

plers: same as above or rigid frame % shape pier

Reinforees concrete piles, 500x500 square

Cm'nparative bridge plan is shown Fig.A.4.

{58) Change in Roundabout Shape

The roundabouts at present are all designed in an elliptical shape to give

smoother path to the traffic traveling along Batinah Highway, but this will be

changed to a circular design with construction of grade separ.ation.

TableA.2 Geometric Design Standard
Item Unit Batinah Highway Rampway
Terrain lat Flat
Design Speed. km/hr 120 80 1
Stopping Sight Distance m 200 115
Lane Width m 3.75 3.50
Number of Lanes Lanes 4 1or2
Median Width m 12.4 -
ml-nner Shoulder m 1.20 0.75
Outer Shoulder m 2.00 2.00
Minimum Radius m 585 230 |
Mlnimﬁm Radius not . m 1,000 1,000
Requiring Transition Curve
Maximum Gradient % 3 (5) 5(7)
_-Minimum Vertical Curve m Fig.6.3 Fig.6.3

Length '
Superelevation % 8 8
Vertical Clcarance m 5.0 5.0

Note:() shows absolute minimum values.
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2.3.2 Basic Type of Grade Separation

The lollowing three types of grade separation were considered:

| CROSS ROAQ
e N i) to grade separation straight
\'\v/ﬁ' traffic of the Batinah Highway by
' BATINAH HIGHWAY an overpass or an underpass.

DIAMOND INTERCANGE AND R/A
(Flyover for Ratinah Highway)

e e d

CROSS ROAD

il) to grade separate crossing road.

iif} to change roundabout type

% '5—5}_ ' intersections into another type of
- _W_ 5 — interchanges such as cloverleaf
BATINAH HIGHWAY or diamond interchanges.

FLEL CLOVERLEAF INTERCANGE
(Fivover for Closs Road)

Of the several types of grade separation, type (i) is recommended as the most

preferred type for the following reasons:

This configuration (Type (i) above) allows the passége of main traffic flow and will be

more cffective.

The above Type (i} can be divided four types as shown next Table A.3 due (o

surrounding land use and size and shape of monument.



Comparison Table of Basic Type of Fiyover

Table A.3
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2.3.3 Proposal of Grade Separation 'I*_ype by Roundabouts {18 Lacations)

Types of grade separation for each roundabout along Batinah Highway, considering
the above-mentioned characteristics as well as scenic value, are proposed in

Table A.4.

Table A4 List of Recommended Grade Separation Type of Roundabouts

Intersection Name Recommended Type
R/A-1 Bait Al Barakah D
R/A -2 Naseem Garden A
R/A -3 Barka A
R/A -4 VMasna"ah B
R/A-5 Al Muladdah Junction A
R/A-6 Wadam As Sahit D
R/A-7 Suweiq A
R/A-8  Khaburah A
R/A-O Al Hijari Junction A
R/A-10 Saham A
R/A-11 Suwayhrah C

g

R/A-12 Sohar B

R/A-13 Sallan Cc-
R/A-14 Falaj Al Qabail B
R/A-15 Majis A
R/A-16 Liwas C
R/A-17  Shinas B
R/A- 18" Aqr Special

Note : () show second priority

2.3.4 SéIecti{)n of High-Priorily Locations for Grade Separation Facilities

Among the eighteen roundabouts, certain locations were sclected as demanding
more attention than others In regards to priority of construction. Such
prioritizations were based on the following list of evaluation. Eight locations which

were selected as a result are presented in Table A.5.
[1)_ Batinah Highway's traffic volume at th_e-rou_ndabout

(2) ‘Trafiic vol_umé capacily ratio on the approach to the roundabout
(3) Rolé in the road network
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(4)

Role in local community integration

(5)  Supporting role in development plans
Table A.B Calculate for Order of Priority
Evaiuagio:n Item Total
: : : ) 1ighted
V/C ratio| Batinah Highwa Local Develop- | W<
Volume Networ Community ment score Rank
Weight 50 10 20 10 1o 100
l. Bait Al Barakah | 70 90
R/A 35.0 9.0 0.0 0.0 -0.0 44.0 8
2. Naseern Garden | = 75 85 85 :
R/A 37.5 85 0.0 0.0 8.5 54.5 3
3. Bamka R/A 90 80 80 80
45.0 8.0 16.0 8.0 0.0 77.0 ]
4, Masna'ah 60 75 '
. 30.0 7.5 0.0 0.0 0.0 37.5 10
5. Al Muladdah 65 70 75 :
Junction 32.5 7.0 15.0 0.0 0.0 54.5 4
6. Wadam As Sahil| 40 65 70 A
R/A 20.0 6.5 0.0 . - 7.0 0.0 33.5 11
7. ‘Suweiq R/A 45 55 : -
22.5 5.5 C.0 0.0 0.0 28.0 13
8. Khaburah R/A 55 50 70 .
27.5 5.0 14.0 Q.0 0.0 46.5 6
9. Al Hijari 30 40 60 75 80
Junction 16.0 4.0 12.0 7.5 8.0 48.5 7
10, Saham R/A a0 45 85
] 40.0 .45 0.0 8.5 0.0 53.0 5
11. Suwayhrah R/A| 50 60 :
25.0 6.0 0.0 0.0 0.0 - 31.0 i2
12. Sohar R/A 85 35 65 90 :
42.5 3.5 13.0 9.0 0.0 68.0 2
13. Sallan R/A - 35 30 i . .
: 17.5 3.0 0.0 0.0 0.0 20.5 15
14. Falagj Al Qabail 25 25 90 65
R/A 12.5 .25 18.0 6.5 0.0 39.5 9
15. Majis R/A 20 20 90
10.0 2.0 0.0 0.0 9.0 21.0 14
16. Liwas R/A 15 15 o 60 .
7.5 1.5 0.0 6.0 0.0 15.0 17
17. Shinas R/A 10 10 :
5.0 1.0 0.0 0.0 0.0 6.0 18
18. AgqrR/A 5 53 85 :
2.5 0.5 17.0 0.0 0.0 200 16
Notes :  V/C rate refer to Chaptler 6 “Traffic Capacity of Road”

upper row shows score of cach loeation

lower row shows the weighted score
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2.3.5 Preliminary Design Drawings for Sclected High-Priorily Locations for Grade

Separation

Preliminary design drawings as sclected in previcus chapter are shown in

Volume IV, Drawings.

There are comparison pléns for R/A-5 (Al Muladdah Junction), R/A-12 (Sohar) and
R/A-18 (Aqr) as shown below:;

¢ R/A-5 (Al Muladdah Junction) : Priority road plan from and to Muscat.
e R/A-12 (Sohar) . Importance to Aesthetic

= R/A-18 (Aqr) . Lower design speed of 60 kam/h was used to

design smaller radius of curvature.
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2.4

2.4.1

Pedestrian Underpass

Structural Type of Pedestrian Facility

Grade'separated pedestrian crossing facility has two type namely underpass and

flyover which are compared in Table A.4.

Underpass type was selected judging from economical and aesthetic.

TableA.4 Comparison of Pedestrian Facility
Criteria Underpass Flyover
1. User's Convenience The pedestrians are Opposite of underpass due
psychologically liable to use | to much more climbing
due to less climbing height | height than underpass
{than flyover _
2. Comfort Good Fair bul bad in summer
3. Crime Prevention Lighting required and other | None required
measures
4. Aesthetic Goed Required harmony with
surroundings
5. Effect on Surroundings Almost none Prolective measures on
highway are required
6. Construction Cost Low Slightly High
7. Maintenance Required ‘Litlle
L?' Ease of Censtruction Normal Less than Underpass

2.4.2 Design Overview

The structures will be planned according to the existing design made by the

Covernment of Oman.

> Internal scction of underpass:  3,000x3,000
«  Entrance facility: Both side of Highway
»  Opening: ‘Median

« Drainage: Drainage Pit
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2.4.3

244

245

Candidate Locations for Pedestrian Underpasses

The users of the underpasses will be a limited number of people living and/or
working along the Batinah Highway: mostly those within walking distance of the
underpass itself. This distance is theoreticé_l_ly 200 m.

Forty different locations have been chosen as candidates for underpaéses. in
consideration of inhabited area mass within a 200 m sphere as well as presence of

school, mosque, ele.

Selection result is shown in Table A.8.

Selection of High-Priorily Localions for Pedesirian Underpasses

Aniérig the fortly locatlions chosen in 2,4.3, those with communities on both sides of
the hig.hway and those with schools niearby were selected. while those in proximity
to the priority roundabout for construction of the flyovers were omitted, leaving
twelve high-priority locations, At the location which coincide with thé priority
roundabout pé:destrian crossing will be provided at grmjnd level under the flyovers
to which main traffic flow will be converted. The twelve priorily locations for

underpassés are shown in Table A.9.

Design Overview of Pedestrian Underpass

Design drawings of selected 12 numbers of pedestrian underpasses are shown in

Volume 1V, Drawings.
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2.5

2.6

Environmental Impact

" This project Is baslcally an amelioration project of existing highway, ther_et’oré 1 will

not be cause of major impact on natural environment such as geophysical features
and flora and fauna against a peripheral area of Batinah Highway. This project is to
fmprove a running condition of Batinah Highway and deemed to contribute
reduction of pollutant exhaust. However, Impact of aimospheric pollution that faces
a peripheral area are thought about, as a estimated traffic volume is quite .large.
approximately 60,000/day. Therefore, monitoring stations is recommended to be
facilitated to monitor a ¢contamination condition. As for socio-economic environment
there might be a relocation of a highway peripheral resident but at this stage of
pfeiiminary design the influence can not be determined exactly. In future, at a detail
design stage, geometric design of flyover will be so made to minimize the influence to
relocation of the dweller along the highway. There will be some Impact for aesthetic
environment by the construction of fiyovers of the project. But, they will be designed

to harmonize peripheral aesthetic environments and (o create new landscape, so the

‘tmpact will be rniiigéted.

Aesthetics

Roundabouts and junctions have been landscaped by government authorities with
several impressive monuments and grades along the Batinah Highway.
Construction of grade separation facilities at these locations may have adverse
éffects on landscape aesthetics. In order to minimize negative lmpact on the
landsecape, a number of gradé separation types (A, B, C, D) have been established

and assigned accordiﬁg to appropriateness in each site, evaluated in terms of

aesthetics, function, and structure.

{1) Evaluation According to Basic Structure Type

The amount of negative impact a grade separation may have on existing
monuments differ depending upon size, height, length and/or direction of the
monumént itself. For example, monuments which are relatively low but with
some width are more affected by the number of piers rather than the entire
bridge itself, while 2 monument whose appeal depends upon its height will be
mbre aesthetically affected by the thickness of the bridge’s superstructure. As
'driVers tend to grasp the structure from afar, the overall visual effect will

depend upon the width between the scpai‘ated carriage ways. Considering



2.7

(2)

these points and others, four patterns have heen lormulaled according to

environmental factors.

Three Major Factors Considered in Struciural Planning

)

2)

3)

Planning should be conducted with consideration of the balance between

superstructure and substructure,

“The balance between bridge length and thickness of superstructure

{including handrailing), as well as the balance belween the thickness of
the superstructure and 'height of piers should be considered. In other
words, # is most important to impress the thickness of superstructure by

visionary. -
Considering substructure design

The substruciure is especially important designwise, as It is the part of
the entire structure which is most appérent to the surroundi'ng area.
Piers whiéh are long énd slender .would be the most recommended
structural factor, these arranged in a fashion that would most effectively

bring out the beauty of the monument.
Considering aesthetic design for the retaining walls

The retaining wall is of substantial length, and olten carries a monotonous
image. To soflen (his image, a harmonious and flowing design needs to be

considered.

“Table A.10 shows the present landscape fealures at roundabouts and

their vicinity. Islamic and Arabic design concept as shown in Fig. A5
should be incorporated to the flyover structures at detail design stage.

Traffic Safety

Although the incidence of traffic accidents tn Oman has gone down after peaking in

1985, but still there are 11,754 accidenfs occurred in 1993. A great number of
these occur in the Batinah region, which includes the Batinah Highwéy. The most

common causes of these accidents have been speeding, negligence, and poor

driving, which together make up 90 % of the cases. Accidents in\'?olving pedestrians

are not unusual: children under the age of ten are the most common victims.
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© SINGLE COLLMEN PIER WITH GATE TYIE MONUMENT

ISLAMIE ARCHES AND SINGLE COLUMN MRS

ORNAMENTAL ARCTIS :‘\.T CENTER OF ROUNDABOLUT AND SINCLIECOLLUMN MRS

NEW ROUNDABOUT SYMBOIL AND SINGLE COLUNN MERS

ISLAMIC ARCH TYPE MICRS

Islamic and Arabic Design Concept

Fig. A5
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The number of accidenis al different roundabouts is shown in (PART A 4-3) in order
of frequency. Roundabouts with high numbers of accidents are, in turn, high-

priority Iocations. Although there is no exact data avatlable on numbers and

locatlons of accldents involving pedestrians along the highway, on-site surveys

indicated that immediate attention is required for procuring pedestirian crossing at
Al Bidayah and Al Tarif. Other places with high traffic volume share similar

situations, indicating urgency of facility construction at such locations.

2.8 Cost Evaluation
The project cost of the eight {8) priority roundabouis and twelve (12) priority
underpasses is shown below, estimated at'1994-p'riées.
Grade Separation Project Cost
: : (Financial Cost Unit: 1,600 RO)
Type of Cost R/A-2| R/A-3 | R/A-5 | R/A-8 | R/A-10 | R/A-12| R/A-14 | R/A-18
Construction Cost 2,992 | 3,048 | 2,979 3,146 3 177 3.428 | 3,438 | 2,565
Contingency 299 | 305 298 315 318 343 344 257
Design & Supervision | 329 | 335 | 328 | 346 | 349 | 377 | 378 | 282
Land Acquisition -3 0 4 5 5 13 72 194
Project Cost 3,623 | 3,688 | 3,609 | 3,812 13.849 [ 4,161 | 4,232 | 3,298

Pedestrian Underpass Project Cost

1,000 RO)

. (Financial Cost Unit:

Type of Cost r/u-1 | p/u-2 | PrU-3 | PrU-a | pru-st pros | /U7 | pru-s | pro-a i P/U-1O| PAU-1L) P/U-12
Construction Cost | 95 | 101 | 92 | 100 | 94 | 94 | 97 | 97 | 94 | 95 | 88 | 92
Contingency 9j 10| 9| 10| 9{ 91| 10| 9; 9| 9| 9
Design & Superviston| 10 [ 11 10 11 | 10 10 | 12 11 10 10 { 10 16

| Project Cost 115 | 122 [ 111 | 121 {114 | 114 {117 | 117 | 114 | 115 {106 | 111

2.9 Execution Plan

: Rouﬁdabout grade separation and pedestrian underpass projects which are to be

’ 'undeltaken over the next five-year plan beginning in 1996, are to be implemented as

iol]ows {Tabile A-11 Implcmentation Planj
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- Roundabout Implementation

Roundabout grade separations are to be constructed two per year in order of

priority.

- Pedestrian Underpass Implementation

The two pedesirian underpasses of greatest priority are to be constructed in

the first ye.ar, while the remaining are to be constructed two or three per year.

2.10 Economic Analysis

(1)

(2)

Economic Analysis {or Flyovers

To examine €COnomic feasibilify of the project, cost and benefit was compared.
Cost was economic cost that deduct tax and land acquisitioﬁ cost from the
cost writlen in 2.8 Cost Evaluation, but maiﬁtenancé cosl was included. For
the benefits, saving of runni_rig cost and travel time were considered and they
were {ransformed in monetary team. Fih_ancial analysis was not conducted.
Because, cons.truct.ion and maintenance of roads are undertaken by

governmental organization using general revenue and not considering project.

Discount fat_e of_ 12% was considered to evaluate the cosi and benefit in the

future in present value.

The resulf of ana]ysis is shown in the following table.

Economic Cost* Benefit* EIRR (%) B/C NPV*

23,848 25,994 12.9 1.09 2,146

* in thousands R.O.

These figures were derived [rom direct countable effect only and would become
bigger, if uncountéble direct effect such as traffic safety and uncountabie

indirect effect such as social developing were taken into consideration.

Economic Analysis for Pedestrian Underpasses

Econo_r'nic indices for pedestrian underpasses was calculated as shown in

following table considering bencfit by removal of speed limit on Batinah

Highway.



Economic Cost* Benefit* EIRRR (%) B/C NPV

1055 9156 10.4 0.87 : -140

The results turned out.not feasible, However, if consider the important factors
such as pedestrialls' waiting time for crossing or reduction of traffic accidents,
construction of underpass will contribute to re_sident s_afety. Especially at Al
Bidayah where many pedestrians are crossing, and at Al Tér_if where visibility

is bad, the construction of underpasses are urgently needed.

2.11 Conclusion an& Recommendation

The results of this suwey indicate that this projeet is feasible both from a
technological viewpoint as well as an economic one, Aside from the direct benefits
to be gained by the region as a whole, a number of indirect benefits are also
expected to bolster the economy of the Batinah region. - Judging from the EIRR
value, financial feastbility is not necessary high but there are suffielent expectations
towards indirect benefits coming: out of the actualization of the project We hereby
propose the priority actualization of grade separation for the fo]lowlng roundabouts:
Barka Roundabout, Sohar Roundabout, Al Muladdah Roundabout Saham
Roundabout, and Naseem Garden Roundabout. All of these Iocations are expected

to become overcrowded within the next few years and demand priority actualization.

An analysis was also conducted for 'underpasses in the same manner as for llyovers,
but they were not deemed economically sound. However, this analysis to_ok'oniy
traffic functions into consideration, so this project is believed to hold suffictent merit

out when the safely of pedestrians is considered.
[Effects of the Project)

Grade separation of the roundabouts will ameliorate traffic flow by allowing traffic to
pass thro{xgh at higher speeds, improving safety and comfort conditions, as opposed
to conditions of yield regulation, etc., imposed by ground-level rotaries. Neighboring
communities which have been divided by the highway wiil also ' benefit due to
improved integratability and safe crossings for children and elderly. All of these
factors will work together to imprave the quality of life in the region. .Furt'hermore
accompanymg the construction of these two types of facilities, fulfﬂlment of the roles
described below will also be attamed
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- Straightening of the intercity infrastructure, further development ol economic
sphere centered In Muscat, strengthening of transportation network with
neighboring countries, increasing Batinah region's potential as an important role-

playver in the development of the Sultanate.

- Forming of new economic and social rclations of communitics on both sides of the

highway.

- Widened social and economic integration of communitics on both sides of the

highway.

Effects of the project should be made classifying the effects as follows:

{ Countable - Running cost and time saving
Direct Uncountable - Safety; comfortable
Effects
Indirect { Countable - Impact to local contractor
Uncomlltable - development effect

It will be necessary to conduct the detailed design in consideration of economic
feaélbiiity and a_esthétics after full consideration of the present situation in Oman,
its facill'ties,.and caj.jabﬂlty in construction. At the same time, one must consider
the linportance of the Batinah Highway as an important route of the Arabian
peninsula when considering the bridging of Irish crossings, the use of box culverts

and/or the supplying of a flood-warning system.
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