9.5.3 Selection of Structural Type

(1)

Superstructure

Fig. 9.9 is a general relationship for selectlon of super structure for a bridge,

and gives the relationship between bridge (types) and the span (RC and PC

bridges).
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Figure 9.9 Relationship between Bridge Type and Span

For the superstructure the PC structure will be most suitable as shown in

Fig. 9.9. For the superstructure, and the substructure and foundation which

will be described in later chapters, the structural studies and economical

“ecomparisons were conducted,

The resulls of the analysis are described in Fig. 9.10. The 20 m span is the
most economical. With the exception of the 40 m span, there is very little

difference in the 20 m, 25 m, and 30 m spans. The spans are based on the

20 m span, and the span was decided for thelr aesthetic merits as stated in

Chapter 11, and the sight distance characteristics of the roundabouts (refer to

Fig. 9.3).
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(2) Substructure
a, Abutment

Table 9.11 gives the re]ationéhip between height of the abutment and the
various types. From this table, the abutments for this project were the
Reverse T-Type.

Table 8.11  Relationship between Abutment Height and the Various Types

Height ' (m)
Type 5 10 15 20

Rigid type

(15 - 25 m)
Butress type

(12 - 20 m)
Reverse T-shape
(5 -15m)

Semi Gravity type
(less than 5 m)

Gravity type
(less than 5 m)

The height of abutments and the type of structure have been studied for
their economic comparison, and the results are given in Fig. 8.11. The

most economical abutment height is approximately 8.4 m.
b. Substructure (Pier) for the Elgvatf:d Structures

Pler for the elevated structures of this project can be assumed to be
either of the Revei‘se T-Type or of the rigid framed type. Both types were
compared and the results are given in Fig. 9.12. There is very little
difference in their costs. The final decision lor the type to be selected will

depend on their appearance.
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9.5.4

9.5.5

{3} Foundation

For the foundation, the pile foundation is most suiled due (o the depth of the
bearing strata. Precast concrete piles locally available In Oman with a square
cross section of 500 x 500 mm were selected. The final size will be determined

during the preparation of the detalled design stage.

Preliminary Design of the Structural Type for the Flyover

The structural type of fiyover selected in paragraph 9.5.3 is shown in Volume IV:
Drawings.

Preliminary Bills of Quantities

The preliminary quantities made from the preliminary drawings are given in

Table 8.12,



Table 2,12  Preliminary Quantities
i Cem Tunit] maz | wa3 RIA-S RIA-B RAL0 | RA12 | RA | Raag
Earthworks (A)
Lxcavalion {Common}| nd 70 700 100 100 60 300 1,080 6
Embankment (Borrow}| n?® 79,100 83,500 91,100 73,800 71,300 103,500 98,000 98,900
Incidemal Works GBoew)| Ls 1 1 1 1 1 1 1 i
Pavernenl (B)
Subbase Couse - 9,030 9,600 9,310 9,570 9,230 9.580 9.830 9.510
Base Course (AC) m 3,270 3,300 3,390 1,510 1,350 3,470 3,380 3,560
Wearing Course (ACH w? 2,410 2,590 2,710 2,560 2,460 2,570 2,670 2,540
Footpath (with Curbs)| m? 3,500 3,610 3,660 3,340 3,520 3,690 4,130 o
Drainage ) .
RC Pipe Culvert D <06m) m % 0 109 115 72 97 138 0
B6m<D<09m}; m 46 10 16 S 40 4] 17 0
RC Box Culvert 2*1lm); m 240 122 45 170 370 50 200
Cyper Channel (fT=2m B=6m)} M 0 o 0 63 225 4] -0
Lined Drains ' m 890 904 918§ 908 905 958 953 ]
Slope Protection )
Relaing Wali (with Piles)] ™ 1¢ff = 5.7 m)|(f] = 5.5m)iql = 5.6my| (I = 5.7m)| (Tl = 5.5m) 930 | (A= 6.0 m}(H = 5.9m)
820 500 800 820 800 920 960
Growned Rip Rap (t=03m)] m? 0 0 0 0 0 380 380 0
Bridges ®B .
Superstuciure Span L = 30m)} Mo 2 2 2 2 2 2 2 {(for Ramp)
16
Superstructure (Span L = 25m)} No 3 8 8 8 8 8 8 [
Superstructuse {(SpanL = 20 m)| No 16 16 16 16 16 16 16 0
Pier (One Colum Type, with Piles) No |t = 83 m| (il = TEmICA = 28 m)| (1 = 7.9 m)| (1 = 7.8 m)| (f1 = BOm)| (il = 85 m)| (4t = 8.8m)
20 20 20 2 24 12 16 10
{Two Colums Type, with Piles) - PN [t = gamylel = 7.8 m)| (1 = 7.9 (A = 3.0m) O [ =83m|f=86m)¢ = 93m)
4 4 4 4 12 3 a
Abutment (with Piles}} No i) - o1 m)|(H = 8.6 m)| (11 = 8.6 m)i (il = 87m) (11 = 8.6 m)] (3 = 9.0 m)| (1T = 8.5 m){ (fI = 8.7 m)
4 4 4 4 4 4 4 4
Road ¥umiture (F) T
Guardails m 4,240 4,220 4,140 4,260 4,300 4,390 4,290 6,350
Markings LS 1 1 1 i 1 1 1 i
Signs LS 1 1 1 i 1 1 1 1
Lingtting ©) LS 1 1 1 1 T 1 1 r |
Relocation of Usilities 1S 1 1 1 1 I 1 1 t '
Landscaping m] 1s 1 1 1 1 I 1 1 1|
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10.1

10.2

10.3

10.3.1

10.3.2

CHAPTER 10

PRELIMINARY STUDY OF PEDESTRIAN UNDERPASS

Geheral

This chapter studies the implementation of pedestrian underpasses at 12

. locations on the Batinah Highway selected in Chapter 8, Selection of Pedestrian

Underpass. The survey and geotechnical studies have been conducted for the

underpass facilities, and the preliminary design has been prepared in this chapter,

Investigation of the Natural Conditions

Investigation of the Natural Conditions in this chapter are described Chapter 9.2.1
{Topographic Survey) and Chapter 9.2.2 (Soil Investigation),

Preliminary Design for the Pedestrian Underpasses

General

For the pedestrians to cross over the Batinah Highway, the facilities considered

are either the pedestrian underpass or elevated pedestrian bridges,

A]though the underground passageway has been selected for pedestrians and
livestock to cross the highway, the possibility for an elevated bridge can be

considered, therefore the two methods have been compared in paragraph 10.3.3.

Design Standards

The design standards for pedestrian underpasses have already been implemented

in Oman and this standard has been prepared based on the facility.

(1) Construction limits and Width

In accordance with Fig. 10.1.

10 -1



(2

3)

{4)

(5)

{6)

‘The slopes within the culvert

Cross sectional slope: 2%
Longitudinal slope: 1%

Stair Constructi'on

In accordance with Fig. 10.1.

Openings

A ventilating duct will be provided at the median barrier of the highway
which will also be a skylight opening.

Drainage Facilities

A dralnage sump will be provided at the center of the undérpass. (0.9* 0.6*
1.00)

Refer to Fig. 10.1.

Orientation of Stairway

Stairways will be provided in the dlrectlon of the residences and shops. The
openings for the stairways will differ in thelr orlentation on elther side of the
Batinah Highway.

10-2
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10.3.3

10.3.4

Prellminary Deslign of Pedestrlan Underpass

Pedestrian underpass facﬂitiés have already been implemented in Oman and their
type of structure has been developed. The standard type of underpass has been

developed from the undernasses already developed and is shown in Fig, 10.1.

Preliminary Bills of Quantities

The Preliminary Bills of Quantities has been taken from Table 10.1, and the
Preliminary Bills of Quantities has been developed from the preliminary drawings.

10-4
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CHAPTER 11 LANDSCAPE CONSIDERATION




11.1

CHAPTER 11

LANDSCAPE CONSIDERATION

General View of Flyover Aesthetlcs

Flyover aesthetics generally have a vast effect on the public at roundabout
roadways and vicinity areas especially from the view point of landscape. In this
regard, every opportunity should be considered to provide attractive flyover
struclures. To achieve such flyover structures, careful consideration should be

taken to the use of fully continuous superstructures.

Most of flyovers generally require their structures to cross roundabout roadways at

' straight line or a large skew angle, as for longitudinal proportion, more smooth

and continuous linear form shall be expected visually. This feature is not only
form of the appearances bul also it is greatly related with simplification of layout of

flyover structure.

A flyover's structure aesthetic shall be considered from several vantage points. For
a flyover, the most important vantage point is that of a high-speed vehicle

travelling on the highway as it approaches and passes over the [lyover.

Also another important thing is the reaction of the driver during passing through
the flyover, because any feeling of visual uneasiness on approaching the flyover
can so often affect driving behavior and possibly the safety of those on the
highway. Therefore it is necessary to oblain the Simplest and most uncluttered

appearance possible in overall view of a flyover.

On the other hand, roundabout roadway is located at underside area of flyover and
the view from the roadway is also strongly affected by the pler's form and location.
The roundabout roadway is aligned into a circular curved path and crosses
through under the {lyover structure, where the series of piers are allocated. The
piers' form and their location can adversely affect drivers’ reaction in regards to

safe driving.
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Li.2

11.3

Aesthetic Perception of Form and Space

The three-dimensional aspects of flyover structures and other related works may
be seen as forms. They are percefved as volumes modelled In light and shade or as
profiles in silhouectte. They are read by the eye as overall massing and, on closer

examinétion. as aésemblages of components, each with individual characteristics.

An extensive vocabulary of forms is available to flyovers, as seen in the straight
lines and flat planes of slab and beams, simple piers or multi-faced sculptural

plers, minimal abutment-bearing seats easing spans into embankments.

Form is seen in the context of s.pace. and in the lafger dimension of a design
problem, one complements the other. The total visual experience in passage under
or over a structure is determined by'the character and forms of the structure
(spans, piers, abutments, parapets, railings, and appurtenant details); by the
geomelry and configuration of roadways. Medians, ﬂanking walls, or
embankments; by landscape forms; and by the space or sets of spaces that result

from these conditions.

Acsthetic Consideration of Proporiion

Proportion is a function of the visual relationships of the components of a flyover
structitre, each to the other, and of the structure to its setting. It pertains to
harmonious rations of lengths to widths to heights of structural members and of

openmgs flyover structures may frame.

It is said that the ‘hamlbny" and “balance” are better Indicators of the meaning of
proportion. Thc depths of spans in rclation to their lengths and to the sizes and
shapes of piers, the ratios of solid masses to. voids or openings, the relative
dimensions of openings and the comparative amounts of light and shadow on

structures.

Also another major aspect that should be considered is the use of well-
proportioned superstructures and substructures. And use of design ingenuity as
well as creativily in the choice of pier and abutment forms will usually provide an

attractive structure consistent with the efficient and economical use of materials.

Reducing the apparent depth of the superstructure cbmpared with a vertical face

Is essentially important to give a impression of well balanced form of the flyover,
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11.4

Aesthetle Consideratlon of Substructures

Concerning with the nature of design constraints such as economy, efficiency, and
time available components, the substructures of a flyover structure may be offered
the much ﬂeﬁblllty to express its individuality. Comparatively little additional
investment in forming and materials is required fo the flyover structure déslgn into

a pleasing eye-catcher.

Achieving an appropriate and atiractive substructure is quite imporiant. There
are some generally accepted guidelines in selecting type of substructure for a
particular flyover structure site. In addition to a consideration of appropriate

proportions, the following may be essential items:

{1} Non-integral Substructure Plers

Since the proposed flyover is considered with non-integral substructure o be
used, hammerhead or T-piers offer more freedom for design expression and a

less cluttered appearance than mulliple-column bents.

(2) Singly Braced Pier Columns

Singly braced piéx" columns clearly convey vertical ‘emphasis, especially
proportional height of flyover is rather lower, whereas singly braced pier

columns do not emit conflicting messages.

{3) Application of Flair to the Plers .

In order to present a more attractive appearance, attention to detail and
application of flair are able io turn the ordinary structure into a visual
experience. Introduction of Islamic graphic element to the plers can create

spattal identtfication to the specific location.

(4) Combination of Curvatures and Straight Lines

Expressing of tender and soft appearance, some 0urvaf:ure elements may he
.mtro.duced into small portions of the structures. Curvature elements also
give a "slender” elfect to the structural form. And combination of some
curvature elements into rigid straight lines offer balanced proportion of the

structures,
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11.5

11.5.1

(5)

(6)

{7)

Abutment Features

Vertical-faced abutments shall appear sirong and give a heavy impression in
comparison with piers and columns., Some surface textured abutments add
much greater interest to vef_tical-faccd abutments where they are rather high
in the structure. Some series of slits and/or engraved simple patiern
graphics will soften the solid surface of abutments and give a visual sense of

coniinuity to the piers and columns.

'Underside Appearance of the Flyover

Underside appearance of the superstructure is also important for
roundahout roadway drivers as well as for the vicinity area of roundabout, so
that this underside appearance of the flyover may niot be ignored. It is much
better that individual beams or bracing are not visible. A clean underside

appearance of Lhe flyover is also virtually expected.

Aesthetic Design Remarks

Flyover structures are generally appearing somewhat heavier in regards with
the present necessary emphasis on durabililty, safety, and higher loadings.
Under these condilions, extra attention for fiyover shall aiways be reguired to
obiain the aesthetic balance of span layouts, depth-to-span ratios, and pier

size.

In order to reduce the depth of superstructure, il Is important for visual
perception that main beams be set back relative to the inner side, so that
appearance of depth of the superstructure may come to appear less than

actual depth.

Design Policies of Flyover

Proportional Balance of Superstructure and Substructure

In the aspect of aesthelic appearance of the flyover, following items shall be

considered.
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{1)

(2

Visual Component of Superstructure of Flyover

Facade or side view appearance of the flyover is the most important visual
factor to glve 1mpressio.n of the whole stlhouette of the flyover. The facades of
fiyover appears as a long horizonlal expansion of concrete whilch contains the
superstructure of the flyover. This superstructure portion is composed of

series of beams and parapet of the roadway.

Proportional Balance

Regarding the proposed flyover, the concrete thiékness of superstructure
portion comes to be 2.3 meters and it may giving é quite strong and heavy
appearance to the roundabout vicinity area. The horizontal concrete portion
is composed of thickness of beam strﬁcture and parapet of the road way.
This total depth may express the visual appearance of the flyover. For
horizontal expanded length of flyover of approximatély 300 melers,
proportional ratio of supersiructure depth and flyover length becomes
1: 130 and this ratio makes appearance of the flyover quite a slender

silhouette.

Ancother important visual component is the proportional balance between
superstructure and substructure. Major components of substructure are

series of plers and abutments. The clearance height of piers are an

approximate range of 4.5 to 5.5 meters above ground level. Therefore when

visual appearance is considered, proportional ratio between superstructure

depih and substructure height eventually becomes 1.95 to 2.4.

As regarding piers, proportional ratio of piers also gives visual lmpression.
Prop.os;ed clearance height of bea’rh is 4.5 to 5'..5.meters on the project. This
proposed piers are basically T-head forms and the T-head pler consists of a
hammerhead portion on the top and rectangular column on the bottomn.
Visual appéarance of plers is also recognized as the proportional balance
with column width and pier clearance height. When this proportion becomes

more than 1 : 2, the whaole pier comes to be appear more slender.

Proposed pler width in longitudinal section is 1.2 meters and column height

above ground is 3.0 meter in maximum, so that proportional ratio comes to

be 1: 2.5 and appears slender.

11-5



11.5.2

11.6.3

Consideration of Parapet Height

1t is recognized that one of the most important appearance factors of the flyover is
the proportional balance of the facade of supersiructure's beam depth to parapet
height. '

The superst.ructure thickness should be balanced properly with the Io’ﬁgltudinéﬂ
expansion length. Parapet height can be made to appear lower when using railing
instead of a solid concrete structure. When concrete parapet is made lower,

required height can be acquired by use of ralling.

Consideration of Pler Design

In considering design In terms of pier shape, a more elegant, light, and slender
appearance of plers can be anticipated since the proposed pler design is for non-

integral T-head shapeé structure.

(1) Making more Slender Shape of Plers

Introducing round corners at each edge of the pier column will reduce
thickness of concrete volume and whole appearance of piler comes to be more

slender than rectangular shaped ones.

Introducing some slits or engraved flair at longitudinal face of column is an
effective solution for making more slender appearance. These slits or

engraved flair are recommended to have Islamic architectural forms.

(2) Effective Disiribution of Plers Location

In general, central area of roundabout is always facilitated with a monument
or 'major landscape focus as to be established as a symbolic landscape.
Under these conditions, location of flyover piers shall be considered to have
clear open view {o the scenic object'ives in this regard, for obtaining wider
openings at central area of roundabout, longest beam span between plers
shall be app!ied at the center and major scénic objective would be

maintained as anticipated.

Whereas flyover is crossing the roundabout readwéy épatial opening
condition at the roadway depends upon the pler location of flyover. It is

much safer and easicr for the driver's reaction when adjaeent piers are
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situated at sufficient intervals. Some important consideration need be made

for drivers visibility at the flyover cross points in roundabout roadways.

Plers' allocation shall be proposed with wider span range at ceniral area of
roundabout and less wide range towards both ends of abuiment. In this
regard, the total appearance of the flyover shall be emphasized as a dynamic

perspective visual effect to the vicinity.

(3) Visual Continuily

Continuous repeating of the series of standing columns in rows will be a
aesthetic component. The appearance of series of columns may be
rhythmical and more see-through spatial gradation may create attractive

visual continuity.

A symmetrical distribution of columns from center of roundabout to
abutments at both ends of the flyover may appear visually as well as

proportioned sequential continuity.

. 11.,5.4 Expression of Flyover Sithouctte

The proposed flyovers have long horizontal expanded form with serles of piers.
These flyovers are almost all straightly allocated followlng the line of the highway.
These {lyovers are relatively gigantic structures in their length and height when
crossing over the roundabout areas. They will be easily recognized and appear as

an elegant silhouette.

Most of these roundabout vicinity arecas have visual expansion of rather low
buildings with a flat ground environment, and there are not many compelitive
visual object against the flyover structures. Under these circumstances, the
flyover structure itself become an appearance of distinctive silhouetie as well as a

symbolic location identification 6bject at each vicinity areas.

In this regard, these flyovers shall be assigned another function, that is, to

contribute establishment of an aesthetic symbol monument.
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11.6

i1.86.1

Landscape Integration of Flyover and the Roundabout Scenery

There are 8 of roundabouts and junctions that are proposed with higher priority to
facilitate the flyovers. Following are major items for landscape inlegration of

flyover at objective roundabouts and junctions.

Nascem Garden R/A:

Since there is plane ground on the roundabout, a propdsed type-A flyover shall be
recomnmended, and the flyover would be a new symbol of the roundabout. Image
of this roundabout shall be a white flyover on the green expanded ground. The
type-A flyover shall be recommended with double columns piers at central area as

creating scenic focus and most of other plers shall be single column type.

Landscaping of roundabout shali be recommended to provide: a white garden tower
surrounded by flyover belts for establishing more visual focus, which represents

the location and image of Naseem Garden environment.
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11.6.2 Barka R/A

A type-A flyover shall be recommended to cross over the existing water fountain.
The water fountain can be clearly seen through the openings between flyover plers,
and water fountain appéars with somewhat of a white and elegant sithouette. So
that allocation of double-column type piers at both sides of the fountain shall be
recommended In order to harmonize with the design concept of elegance. And

single column type piers shall be allocaied on the other part of area.

The existing flowering plants and small shrubs where piers are to be facilitated
shall be transplanted to the perimeter of the roundabout in the same manner as

originally planted. In so doing, the original landscape features would be

maintained without much changes.
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11.8.3 Al Muladdah Junciion

Landscape focus of this junction is a pair of falcons as a small monument
distributed at both sides of access roadway and these function as a location
identification of the area. Uhder these e;dsting conditions, the type-A flyover shall
be recommended with double-column type piers at the central area as a focus
establisher and single colimm type piers shall be allocated to the other parts of
area, so that the flyover stlhouette may be come a new symbolié monuraent of the
vicinity. | | ‘

Since there is very litile landscape planting on this junction, a new landscape of
this area shall be organized in reflection with flyover structure and relocation of
the pair of falcons shall be effectively execuled near the access roadWéy as a

location identification. New planting shall be recommended with threes and

shrubs instead of ground cover plants.
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11.6.4 Khabura R/A

Existing landscaping of the roundabout is formulated on slightly mounded ground
with flowering plants in the center and the proposed type-A flyover will cross over
this planted area. This group of flowering plants shall be eastly observed under

openings of the bridge spans.

Some symbolic large-crowned trees may be recommended to plant additionally at
the center of roundabout for a more emphatic visual impression. Double-column
type piers at the central area shall be recommended for incorporating a

harmoniocus and integrated landscape. Single-column {ype piers shall be allocated

to other major areas.
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11.6.5 Saham R/A

Existing landscaping of the roundabout is formulated into two parts of slightly
hilly mounded ground with shrub and tree plantings. The proposed type-A flyover
will cross over these hilly mounds. Some of this group of shl_‘ubs and trees will

need to be to iransplanted to avoid such large plantings under flyover structure.

Maintaining the visual appearance of the original hilly grove scenery, shrubs and
trees which are directly affected by the course of the projected flyover will be
transplanted In a new arrangement to the areas between course of flyovers and

adjacent area within the roundabout.

New proposed landscape appearance will retaln the sensc of continuation of grdve
of shrubs and trees. Thus, the whole landscape image will become a flyover
passing through a follated grove area. The single-column piers of flyover are

recommended for emphasis of more visual continuity to reflect the original

landscape scenery.
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11.6.6 Sohar R/A

A new symbolic monument for this roundabout has been studied and proposed by
Muscat Municipality to replace the existing one. The new proposed monument will
be an approximately 40 -meter-high Islamic-designed tower which is intended to
come to represent Sohar as a significant landmark, In this regard, the flyvover will’

be considered as two kinds of visual point of view,

Espécially for highway drivers to observe Cleérly the new proposed monument, a
type-B is recommmended with high priority. This visﬁal observational opportunity
is essentlal for highway drivers in recognizing the location identification and sense
of arrival, also observation from vicinily peoples would be obvious because of large

scale and presence of the proposed monument.

In this case, design of the flyover piers become to be a most essential component
for harmonizing and integrating the monument'design features. Double-column
type piers shall be considered to be allocated at entire roundabout area
incorporating design elements of the proposed monument, and the flyover

landscape would be integrated to the monument.

While as another alternative priority, type-D would be recommendable for
obtaining clear éppearance of new monument without any visual disturbance for
the neighboring residents of Sohar. The highway would run under the
roundaboul. In this situation, however, the highway drivers would not be able to

observe the monument directly from near distance.
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11.6.7 Falaj Al Qaball R/A

& iGN e

Existing landscaping of the roundabout is .composed of rock hill with waterfall and
some wild animal sculptures, while Muscat Municipality is considering a
modification of this monument into something more substantial as a future
development scheme, However, -there have not been particalar proposals made yet

at this writing,

In this regard, the original layout concept of the monument which is locaied in the

center of roundabout would be respected. Under these situations, consideratlon
must be taken that the {lyover type-B shall be recommended for cbtaining a future
spatial {lexibility for the location layout of the future monument to be modified. '

Consideration of design mtegratlon for the future monument, double-column type
piers would be recommended inside of the roundabout area and single column

type piers would be facilitated al other arcas.

? x I
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11.6.8 Agr R/A

Since proposed highway alignment will be allocated with large scale of curvature
toward the inland, the existing landscaping of the roundaboul composing with

terraced gardens shall be remained without any affections.

Newly proposed two junétion points will be facilitated to cross existing roadway.
On these areas, two flyovers of single lane for local traf[‘i_c'shall be newly allocated
tb cross over the newly proposed highway alignment. Under this situation, these
flyovers shall be a special type not included tn types A, B, C or D.

In thié regard, consideration méiy be taken at each junction area for establishing
impressive landmarks important as visual location information te drivers. At the
areas where flyover structures cross over highway course diagoné.]ly, longer cross
beamed piers may be required. Some considerations shall be made that design of

these pler columns may be made somewhat taller as symbolic appearances.
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11,7 Design Policies of Other Facllities

11,7.1 Retaining Walls

Retaining walls are proposed as vertical-faced type of approximately 200 meters in
length and 4.5 to 5 meters in height at. abutment end-connections. Whole side
view proportion of the retaining walls appear as slender triangle shapes with 3 %
slope, however at the abutments location, vertical-faced solid walls may appear

strongly impressive,

As for the establishment of visual continuity of the vertical-faced retairﬂng wall,
simplified Islamic architectural forms will be introduced to project on the surface
of the walls. Engraved slender design forms shall be proposed and this
continuous repeating design will be display light and shadow paftems in an

elegant imanner.
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15i.7.2 Entrance Facllities of Pedesirlan Underpass

Pedestrian underpasses are proposed at 12 critical peints throughout the Batinah

highway. Facllity entrance is an access point to introduce residents to the

pedestrian underpass. Thus, the design of the entrance facinty_should have some

aspects to encourage community people to utilize the pedestrian underpass Major

design aspects are considered as follows.

(L

(2)

(3)

Location Identification

Location identification of the entrance of the pedestrian underpass is an
essential element, therefore the entrance facility needs to have an easily

identifiable appearance {o the comimunity to encourage use.

A clean sithouetted structure may be most preferable for the entrance

facility.

Community Amicable Appearance

Daily use of pedestrian underpass should be projected as a community
integrated facility. Thus, the entrance facility requires a design manner with

communily amicable appearance.

Design of wall openings will be the key to re'presént amicable appeafance.
Designs integrating well-proportioned Islamic arch-type openings may be
introduced and create varleties of outflooks for each location of pedestrian

underpass.

Attractive Atmospheric Space

Surrounding space of the entrance facility is also quite important in
establishing an attractive atmosphere and environment. When the space of
the entrance facility has atfractive features which encourage people to make
use of it, pedp]e would eventually come to use it as a gathering point and
even associate it with enjoyment, therefore frcqueﬁt usage would be

practically guaranteed.
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Small plaza-type spaces will be considered at the entrance front. Aftractive

pavernent, street furniture equipment and shade-providing landscape objects

ave very helpful,

)

- Entrance Facilities of Pedestrian Underpass
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CHAPTER 12 ENVIRONMENT
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12,1

12,2

CHAPTER 12

ENVIRONMENT

Introduction

As a rule, JICA projects intend to simultaneously attain two goals: namely,
economical development and environmental conservation. For the achievement of
the former, various aspects of technical consideration have been already developed
in the previous subsection of this report. For the achievement of the latter target,

there will be presented a basic consideration in thls subsection.

Batinah Highway has always played an more tmportant role as a major Interurban
highway network connecting major cities and neighboring countries. This role will

continue to grow in the future.

On the other hand, Oman has set an example to the world'by maintaining a
judicious balance between the needs of development and the environment.
Therefore, environmental consideration in the implementation of any development

project is needed.

Procedure for No Environmental Objection

Oman had a lcensing system in which an Environmental Impact Statement is
required (hereinafter referred fo as 'EIS') for a statement on impact on the
environment caused by the project. This statement now needs to be accompanied
by a No Environmental Objection (N.E.O.) decision issued by the Ministry of

Environment and Ministry of Water Resources.

An N.E.Q. decision can only be issued after the ministry has been given sufficient
information about a proposed development and about the likely environmental
tmpacts of the projects. The EIS prepared by the developer will provide much of
the information on which the ministry's decision will be based. The ministry will
need to be satisfled that environmental impacts are acceptable before an N.E.O.

decision is issued.
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12.3

12.4

In order to make clear the relation between EIS system in Oman and our project,
JICA Study Teami is needed to survey more closely concerming to the resettlement
activities by Land Acquisition for Road Construction. Therefore, the issue will be
described in Chapter 12.6 (Conclusions and Recommendations),

Environmental Impact of the Project

Hereupon, the study is not for consiruction of a new road, but for improvement

and repalr of the existing highways.

Environmental Impact Assessment for the road study was undertaken based on
the environmental condition of the :study road which was clarlfied in the

cohceptual design stage and the information about the siructural design.
The study road facilities are:

1)  grade separation ét 18 roundabout intersections of Batinah Highway.
2)  pedestrian underpass to separate vehicular traffic from pedestrlans and

animals

As for the grade separation (see 1 above) several plans were examined in the

conceptual design stage.

Environmental Impagct Assessment was undertaken for the plan that is considered

to be most influential to the environments.

Pedesirian underpasses are necessary facilities to separate vehicular traflic on
highways from pedeétnans from safety viewpoint. They will contribute grehtly to
the reduction of accidents caused by uncontrolled crossing of pedestrlans
{including ahimals) at grade. However, as for the 'envir.onmental ixhpact. the area
of influence will be limited. Therefore, this Environmental Impact Assessment

mainly deals with grade separations.

Basic Laws for Pollution Control

The existing laws and decrees concerning poilution control have been established

for each source as shown in Table 12.1.
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Table 12.1 Laws and Decrees and the Competent Ministry

Competent Minfistry

Name of Law

Law & Decrees

Ministry of Environment
and Ministry of Water
Resources

Law on the conservation of the
Environment and Prevention for
poilution: Regulation for
External Bullding Drainage

Royal Decree No. 10/82
Ministry Decislon 5/82
17 May, 1986

Ministry of Regional Regulation for the Management | Royal Decree No. 10/82
Municipalities and ' of Hazardous Waste Ministry Decision
Environment 18/93

Ministry of Reglonal Regulation for the Management | Royal Decree No. 10/82
Municipalities and of Solid Non-Hazardous Waste | Ministry Decision
Environment ' 17/93

Ministry of Environinent
and Ministry of Water
Resources

Law on the Conservation of the
Environment and Prevention of
Pollution: Regulation for Air
Pollution Control from Stationary
Sources

Ministry Decision 5/86

Ministry of Environment
and Ministry of Water
Resources

Law on the Conservation of the
Environment and Prevention of
Pollution: Regulation for Waste
Waier Re-Use and Discharge

Royal Decree No. 10/82
Ministry Decision 5/86

Ministry of Environment
and Ministry of Water
Resources

Law on the Conservation of the
Environment and Prevention of
Poilution: Regulation for Septic
Tanks and Holding Tanks

Rbyal Decree No. 10/82
Ministry Decislon 5/86

12.5

12.8.1 Background

Identification of Environmental Impact

In the Study of the road development project, the alternate plan of overpass and

underpass for grade separation is examined. Overpass plan is further divided into

a few cases with difference of environmental elements and environmental impacts.

Therefore, environmental considerations of our project are discussed In the most

severe cases which may have a significant effect.

Environmental considerations of pedestrian underpass are discussed on the

location where a former community was separated by the Batinah Highway.
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The procedure of Environmental Impact Assessment of the Study will follow the
Environmental Considefation Guidelines of JICA {Section of Road Planning) and is
carried out in the scope of work of Environmental Impact Assessmernt (hereinafter
referred to as 'EIA').

12.5.2 Project Description and Site Description

To conduct the EIA, it is essential at the outset to fully understand the Project
Description {PD) and Site Description (SD). The PD includes the contents and
features of the project, such as its background, objectives, study area, competent
ministry, number of beneficiarles, and type of the project, ete. The SD includes
the present conditions of the natural and sccial environment. Table 12.2 and 12.3
show project description and site description for the planning of flyovers and

pedestrian underpasses.

Tabie 12.2 Project Description

Items . " Contents
Project Name The Stud'y on the Road Development Project
Background Batinah Highway is a well-travelled high speed road.

There are no facilities for pedestrian crossing.
There are increasing risks to the safety of people and
livestock who cross.

Objectives 1. To carry out a feasibllity study on the construction

' of fiyover and pedestrian underpasses along the
Batinah Highway.

2. To transfer technology to the counterpart engineers.

Study Afea ' 250 ki stretch.along the Batinah Highway between Seeb
. and Aqr.
Competent Ministry Ministry of Communications Directorate General of
: Roads . :
Number of Beneficlaries Unknown

Characteristic of the Project

Type of the Project . New/ [Improvement] .

Rank of the Project [Highwayl/Ordinary, Urban/[Rurall, |Flat]/Rolling
Target Year/Traffic Demand - | A.D. 2010 vehicle per day '
Length/Width/Number of 250 km/33.4 m/4 lane

Lines :

Structure of the Project Embankment/ Flyover/ Underpass/ Depres_sed
Ancillary Facillty Monument, Roundabout/Intersection (.18 locatlons)
Special lems Aesthetic harmony of existing monument and flyover
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Table 12.3  Site Description

ltems Contents
The Study on the Road Development
Project Name _ . i :]ectu y on the Road Developmen
Inhabitants There are several villages scattered along

(Settled people/Indigenous people/ the highway.

Problem consclousness, eic.) Low population density
Socio-economic | Land Use Environmental Buffer Zone of about 30 m
Enviromment | Wrban/Rural/Cultural property/ on the both sides.
"Hospital, ete.) Several date plantations on both sides.
Economic/1raffic . Some small-scale commercial areas on

(Commercial/Farm/Fishery/ both sides.

Industry estate, etc.)

‘Fopography/Soil condition Flat topography

(Especially on a Slope/Soft ground/ | Along the coast
Wetland/Fault, etc.) :

Fauna/Flora Pasturing of camel, goat and sheep

Environment {Great natural wealth/Forest, shrubby growth

Endemic species/Animals

Amphibians, etc.) ‘

Situation of poliution | None
Livelihood Receipt of complaints None
Environment '

{Countermeasure of system/
Compensation, etc.}

Special ltems

Soltd waste collection and disposal systerﬁs are carried out on the highway.
Care plants is thoroughly undertaken.

12.5.3 Screening

All the 'environmental elements which would be aflected by the project are listed
and discussed in relation to the project activities oh a so-called check list for
evaluation of EIA. The column heads show 'Ttems', 'Description’, 'Rating' and
'Remarks' while, the columns show the environmental elements to be a[fe'cte.d.
The cause-and-effect relationships wﬂl be explained with a mark at each
corresponding cell of the check list. In the "Rating" colurnn, ‘1' means the related
project may cause a significant effect on the environmental element, '2' indicates
no influence, and '3’ means unknown. In this checklist, hoth positive and
negative impacts are listed. Tables 12.4 and 12.5 show construction stage for the
pIdnning of grade separation and pedestrian underpasses Similarly, Tables 12.6
and 12 7 show operation stage of the respectively plannlng By using the check
list, the critical environmental impact ¢lements which may be affected by the

project, are scre_ened. '
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12.8.4

12.5.5

Scoping

Scoping is defined clearly In the Environmental Conslderation Guidellnes of JICA
{Section of Environmental Ald Report) in all the significant elements which may be
affected by the project. As mentioned above, all the environmental elements In the
pioject activities were listed by the Screening and will be clearly explained by the
Scoping. Although there are several methods of scoping for the procedure of
Environmental Impact Assessment, the scoping of this study has adopted the
check list method which Is generally used. The format for the check list of scoping
is same as used by scfeening. In column of rating of the check list, A’ means the
related project may cause a most significant effect on the environmental element,
‘B' indicates slight influence, 'C' means unknown and no mark indicates no

influence. In this check list of scoping, only negattve impacts are listed.

Major Issues to be Handled

Tables 12.8 and 12.9 show the check list of grade separation and pedestrian
underpasses. By using the scoping checklist, the study has been conducted to
evalnate the expecied impacts of the project and to recommend necessary

measures against adverse inpacts,
Major issues among those impacts are as follows;

1)  Impact of earth work on alr quality
2)  Impact on air gquality by gas emission from motor vehicle in Operation

3) Impact on resettlement by land acquisition for road construction

The issues 1) to 3) are to be discussed in Chapter 12.6 (Conclusions and_'

Recommendations).
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Table 12.8

Check List of Grade Separation

. Major
Facilities/Aciivities
Activities which may
have impact

Roads/Roadside Facilities/Construction Roads

Construction Stage

Operation Stage

Overall
Evaluation Rcclamal?on Operation of Occupancy | Operation A(;;‘»;:ﬂ{;}lﬂ‘
g’:‘l:fé)::g;’ C}_‘;‘;j:;‘::;‘;“ of Land {of Vehicles ch}}())ié:dz;nd
Environmentat Items
1. Resettlement B B
E 2. Econoiic Activity
g 3. Traffic and Public Facilities
E 4. Splitting of Communities -
§ 5. Cultural Property
§. B 6. Water Rights/Rights of Common Use
§ 7. Public Health Condition
o
8. Waste
9. Hazard (Risk)
10. 'I‘opographjr and Geology
- 11. Soil Erosion
qé 12. Groundwater C C
'E 13. Hydrological Siwation
% 14. Coastal Zone
é 15. Flora and Founa
16. Meteorology
17. Landscape C C C C C
18. Air Pollution B ]
g 19. Water Pollution
5 |20, Soil Contamisiation
‘E 21. Noise and Vibration C C C
% 22. Land Subsidence
23. Offensive Odor
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Table 12,9 Check List of Pedestrian Underpasses

Major

Roads/Roadside Facilitics/Construction Roads
have impact '
Qverall '
Evatuation Rcc]amation Operalioqof Oceupancy | Operation A(;?;Ilncl:fla-
:;ii?;ﬁf; C;":;j:;::;“ of Land [ of Vehicles} People and
- Goods

Environmental Items

1. Resctilcment
g 2. Economic Activity -
g 3. ‘fraffic and Public Facilities C C C
u% 4. Splitting of Cemmunities
'§ 5. Culwral Properly
g 6. Water Rights/Rights of Common Usc
'% 7. Public Health Condition
< 8. Wasle C C

9. Hazard (Risk)

10. Topography and ac-;logy
= 11. Soil Erosion
QE; 12. Groundwater C C
‘é 13. Hydrological Situation
% 14. Coasial Zone
§ 15. Flora and ;?}llla

16. Meteorology

I7. Landscape M

18. Air Pollution C c C
5 [ 19 waerPoluion
.g 20. Soil Contamination
ﬂg 21. Noise and Vibration C C C R
5 22. Land Subsidence

23. Offensivc()d(n:“ B
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12.6

12.6.1

12.6.2

Conclusion and Recommendation

Tentative Countermeasure for Alr Follutlon {Dust) by Earth Work

Harmful dust may be generated by construction machines through the éarth
work. Coarse particles settle down in a short time due to gravitational eflect, while
finer particles (smaller than 10 pmj} have a longer stagnate period of time. Some
substances from the soil have bad influence on human health through
contamination in bronchus and lungs. Generation of dust can be prevented Lo

some extent by periodical sprinkling around the construction area.
Recommendation on Future Investigation

1) Impabt on Air Quality by Gas Emission [rom Motor Vehicle in Operation

(1} Cause of Impact

In the present study, the future traffic demand of the target year 2010
is estimated at a daily traffic volume of about 60,000 v/day, or peak
hourly distribution of daily traffic volume of about 5,500 v/hour.
Therefore, locations of high volume traffic may have air pollution
problems in the future. Air pollutants are generated by in(emal
combﬁstlon of motor vehicles. Internal combustion engine are roughly
classified into two types; gasoline-engine and diesel-erigine. Type of

engines and related major pollutants are shown in Tabie 12.10.

Table 12.10 Type of Engines and Typical Related Pollutants

Type of Engine

Follutants Gasd]ine—Engine Diesel-Engine
Nitrogen Oxides (NOx) . O O
Sulfur Oxides (SOx) | YA\
Carbon Monoxide (CO) O
Carbon {C) _ | O
Suspended Particulate Matter (SPM) A O
Toxic Substances O O
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(2)

(3)

Recently, new problems in air pollution have been observed, such as
toxic substances in tires treated with pyrolyzates generated by vehicle
traflic.

Environmental Effect

Air poliutants invade the human body through various channels and
aflect it, particularly the respiratory system. Nitrogen oxides will alfect
the plants. Cadmium and lead in toxic substances are sources of water

and soll pollution rather than air.
Countermeasures
(a) Environmental Bufifer Zone

Batinah Highway already has a substantial existing
environmental buffer zone and green' belts. Environmental
impact from motor vehicles is somwhat mitigated. As a maiter of
course, the control of the environmental buffer zone will be taken

on a continual basis.
(b)  Monitoring of Ambient Air Quality
1) The Purpose of Monitoring Station

Mobile sources of the exhaust smoke are shipping traffic
and motor vehicle traffic; most significantly motor vehicle
traffic in the Batinah'.Coastal 'Reglon. Therefore, the
measurement of air pollution from motor vehicles will be

needed.
i)  Measurement Items at Monltoring Station

The purpose of monitoring stations is {o collect the
necessary basic information. The information will be
utilized for implementation of proper measures to keep the

local environmental air clean.

The measurement items at the monitoring stations vary

according to purpose as follows:
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i)

iv)

The generai atmospheric environment ifems are SOx, NOx,
C0O, Ox, and Suspended Particulate Matter (SPM_).
Particularly fér the purpose to investlga{e pollution caused
by motor vehicles, main items are SOx, NOx, 8PM and CO.
The environmental assessment for areas of motor vehicle

traflic is commonly carrled out regarding these 4 items.

In addition, it is also necessary to measure wind dlrection,
wind speed, temperature, solar radiation and other

meteorological observations.
Structure of Monitoring Stations

A part of an existing bullding may be utilized as a fixed
statlon. A fixed station is usually unmanned, and should
preferably be made of Ferro-concrete, but it may be of

concrete block or prefabricated.

In'the case of a prefabricated building, the use of heat
tnsulating materials and air condition system are essential
and windows should be made as small and few as possibic
(A temperature higher than 30 °C is undesirable for an

ordinary measuring apparatus}.
Standing Monltoring Center of Air Poliution

Data obtained at the aforementioned monitbring stations are
transmitied by the telemeter system to the central station,
where these data are processed, recorded and displayed
with a computer on a sequential basis in complance with

the purposes,

Regarding the control system by a computer, a micro-
'computer-based-air-polluuon-monit_oring-system was
developed, and the system comprises a micre-computer
unit, modem units, data logger, and public telephone lines.
The telemeter system collects the data from the monitoring
station once an hour, immediately processes and outputs

tables and graphics.
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2)

‘The system suited for a small scale monitoring system may
be sufficient {or Lhe purposes. An example of the monitoring

system Is lllustrated In Fig. 12.1

Impact on Resettlement by Land Acquisition for Road Construction

(1)

{2)

Cause of Impact

Resettlement will occur by land acquisition for road construction. This
resettlement will cause the loss of living foundation of inhabitants to be
resettled. In our study, resettlement will occur at few locations
complying to the geometrlc design standard and judicious balance of

existing Monument and Flyover.

- Procedure of Environmental Impact Staternent in Oman

The JICA Study Team and DGR have been following up the matters
which are to be settled or informed of accorcl.lng to ‘EIS' in Oman’.
Particﬁlarly. concerning to the Resettlement Activities problems, it
becomes necessary to clarify the significant Environmental Impact
which would be affected by the project.

The JICA Study Team understands that the procedure of 'ElS’ in Oman
are to be carried out by the following form.

The first step, the major infrastructure projects are required to prepare
EiS because of the significant environmental tmpacts such as
Rescttiement by 'Land Acquisition for Road Construction. The
developer should submit the same to EIS-Review-Committee
{hereinafter referred to as ‘E1S-RC’).,

The EIS-RC examines the EIS and determines to be registeréd by the
Ministry of Environment and the Ministry of Water-Resources, if it
conforms with the prescribed outline. Subsequently, Royal Decree will
be issued in accordance with the Law 'co'ncerning the Land Acquisition.
The procedures listed below are the basic elements that should be
considered during the preparation and formulation of such an action

plan.
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3)

(a) land acquisition
{b} topographic survey and detail construction map
{¢) valualion and compensation for lost assets

{d) cost estimates (reflecting economic, social and ecological costs)

On the basls of these procedures, all cost will be estimated in
accordance with suitable cost estimation procedure in Oman. The

flow-chart of EIS system is shown in Fig. 12.2,
Countermeasures

Alternatives to displacement and resettlement will be fully considered
before decision on displacement and resecttlement are taken.
Involuntary displacement and resettlement should be treated as an
integral part of prbject decision from the earliest stage of project

preparation.

The projects should be screened for potential rescttlement issues.
Involuntary population displacement should be avoided or mintmized

whenever feasible by exploring all viable alternative project designs.
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1F HIS PROJECT FALLS
WITHIN THE EIS SYSTEM

I Yes
Mo DECISION
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AND WATER RESOURCES
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P.P. PREPARES
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1

EiS-RC REVIEWS THE EIS
FINAL DRAFT AND CAUSES THE PREPARAT!ON
———P EI§ « OF A FINAL DRAFT EIS AND
SUBMITS TO THE MINISTRY

EIS-RC EXAMINES THE
EIS & DETERMINES
IF IT CONFORMS WITH

THE PRESCRIBED OUTLINE

N.E.O. DECISION

ROYAL DECREE ISSUING
THE LAW CONCERNING
LAND ACQUISHION

y

P.P. PROCEEDS WITH THE PROJECT

1. LAND ACQUISITION
2. TOPOGRAPHIC SURVEY AND DRAWING

OF DETAIL CONSTRUCTION MAP
3. EVALUATION AND COMPENSATION
FOR LOST ASSETS
4. COST ESTIMATES LEGEND
B ]')_]! .o
: EIS -
PROJECT EXECUTION NEO, ---
EIS-RC: -~

¢+ PROJIECT PROPONENT

+*NQ ENVIRONMENTAL OBJECTION

- -ENVIRONMENTAL IMPACT STATEMENT

- -EIS REVIEW COMMITTEE

THE STUDY ON ROAD
DEVELOPMENT PROJECT

JAPAN  INTERNATIONAL
COOPERATION - AGENCY

Figure 12,2
‘The Flow-chart of EIS System in Oman
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CHAPTER 13 PROJECT COST ESTIMATE




13.1

13.2

13.2.1

13.2.2

CHAPTER 13

PROJECT COST ESTIMATE

General

The project cost estimate is carried out on each grade separation or pedesirian

underpass at the preliminary design study stage in Japan.

The initial project cost will consist of the construction costs, contingency costs,
technical engineering costs, and land acquisition costs. On the other hand, the

running expenses of this project will be the maiutenance cost.

Unit Cost
Methodology

The construction cost was estimated by obtaining quantities from the preliminary
design drawings, and by the application of unit rates which were derived from a
study of recent tendered prices. In order to establish unit costs for the estimation
of this study, tender prices of four road project contracts over the period 1988 -

1994 were examined, and tender prices of flyover project contract in 1985 and the

estimation for F/S of read projects including bridges in 1992 were referred to.

Unit Cost Estimation

The unit costs for major work items were estimated at the financial values in 1894

as a result of the above estimation methodology.

Unit costs were derived for the following items.

(1) Earthworks

Earthworks were classified and costed as follows:
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2

(3)

Excavation'(Ct)mmon) 1.3 RO/m3

Excavation (Rock) 4.1 RO/m3
Embankment (Borrow) 1.2 RO/m3
Incidental Works* [Earthworks)] x 30 %/LS

Note: * Incldental works consist of diversions, site clearance and demolition
of structures etc.

Pavements

Pavements are executed for carriageways, shoulders and footpaths. The
structure of car'riagewéy was th:e same as original one which was
constructed of 40 mm asphalt concrete wearing course over 80 mm asphait
concrete base course over 150 mm granular material subbase, The shoulder
consisted of a 40 mm asphalt concrete wearing course and 150 man granular
material base course. The footpath width was taken as a 1.0 m, and the

foot:path consisted of ¢oloured blocks surface and curbs on hoth sides.

The unit rates of each pavement are shown below,

Subbase Course 2.3 RO/m?®
Base Course (A.C.) 19.9 RO/m?
Wearing Course (A.C.) 22.2 RO/m?3
Footpath (With Curbs) 14.9 RO/m?2
Drainage

Drainage works consist of a pipe culvert, a box culvert, open channel and
lined drains. Drainage costs were estimated on the basis of a length of the
above each work inclusive of excavation, pipe or box, inlet and outlet

structures and protection works.

The unlt rates of drainage are:

‘RC Plpe Culvert (D < 0.6 m) 43.1 RO/m
RC Pipe Culvert (0.6 <D <0.9m)] 64.7 RO/m
RC Box Culvert (2x 1 m) 210.0 RO/m
Open Channel (I:I =2m,B=6 m}  48.1 RO/m
Lined Drains ' 3.4 _RO/m
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{4)  Slope Protection

Slope protection works, namely retaining walls with pile foundation at the
approach roads to flyovers, and grouted rip-raps between abutments in case

of type B were planned.

The unit rates of slope protection are estimated as follows:

Retaining Wall (H = 5.7 m) 547 RO/m
Grouted Rip-Rap {t = 0.3 m) 4.4 RO/m?
{5) Bridges

Bridge works consist of a superstructure of PC box girders, an abutment of

reversed T-type with pile foundation and a pler of with pile foundation.

The unit rates of bridges include all concrete, reinforcement, formworks
bearings, expansion joints, girder erection, excavation and other
miscellaneous bridge works, Additionally. the unit rates of the above works

differ with each fiyover,

The average unit rates are:

Superstructure {Spaﬁ L=30m,B=127m) 74,200 RO/No.
Superstructure*  (SpanL =30m, B = 8.25 m) 45,800 RO/No.
Superstructure {SpanL=25m, B = 12.7 m} 57,300 RO/No.
Superstructure (SpanL=20m, B = 12,7 m) 42,100 RO/No.
Abutment (H=87m,B=127m) 126,600 RO/No.
Abutment* (H=8.7m,B=8.25m) 21,200 RO/No.
Pier {One Colum Type H = 8.0 m) 11,900 RO/No.
Pler (Two Colums Type H = 8.2 m) 13,200 RO/No.,
Pier* (Wall Type H = 8.8 m) 15,200 RO/No.
Pler* (Portable Bracing Type H=9.4m) 16,600 RO/No.

Note: * The_se items apply to R/A-18.

(6) Road Furniture

Road furnit_ure consists of guardrails. markings and signs, and the unit rates

of each item are shown below:
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(7)

(8)

(9)

(10)

(11)

(12)

Guardratls 17.7RO/m

Markings 20,000 RO/LS
Signs 10,000 RO/LS
Lighting

The cost of lighting was estimated as 100,000 RO per roundabout,

Relocation of Utilities

The telephone, electric and water utilities are to be relocated. The total cost

of these utilities was estimated at 50,000 RO per roundabout.

Landscaping

The landscaping was classified into the following types of grade separation

and estimated as shown below:

Type A 100,000 RO/LS

Type B 150,000 RO/LS
Pfe}lminaries

An allowance of 10 % of the total of the above items was made for

preliminaries.

Contingericy

The contingency cost was assumed at 10 % of the construction costs.

Design and Supervision

The technical costs consisted of consultant's cost for preparation of the
detailed design drawings and construction supervision costs, and was

assumed as 10 % of the total of the construction cost and the contingency.
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13.3 Construction Cost
13.3.1 Grade Separation Construction Cost
The grade separation construction cost of each R/A is given in Table 13.1.

Table 13.1 Construction Cost

(Financial Cost Unit: 1,000 RO)

o E\;?;':l}; Pavement Prgtlggt?on Bridges | Others COX:;;::(;ROH
R/A - 2 | Barka 124 191 - 390 1,653 634 2,992
R/A - 3 | Naseem Garden 131 199 375 1,650 693 3,048
R/A - 5 | Al Muladdah 142 | 204 384 1,618 661 2,979

.R/A - 8 | Khaburah 115 198 476 1,603 664 3,146
R/A-10 | Saham 121 195 447 | 1,721 693 3,177
R/A-12 | Sohar - 162 203 535 1,708 820 3.428
R/A-14 Félaj Al Qabail 156 211 618 | 1708 746 3,438
R/A-18 | Agr _ 154 149 565 1,036 671 2,665

Average 138 194 469 1,598 698 3,097
(Average excluding R/A-ls) (1386) {200) (456) {1,679) {701} {3,172}

13.3.2 Land Acquisition Cost

The land acquisition cost of each.R/A is given In the Table 13.2, This cost is not
applied to the pedestrian underpass, because the construction is to be executed in

the right of way.
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Table 13,2 Land Acquisition Cost
R/A Wilayat Land use Unit Cost Quantity | Total Cost Amount
No. {RO/m?) | (m?) (RO) - (RO}
2 {Barka Residential Area b-8 330 2,640
Comnmercial Area 10 - 15 0 0 2,640
3 | Barka Residential Area 5- 8 0 0
Commercial Area 10 - 15 o 0 4]
5 | Al Musnaah | Residential Area 5- 8 500 4,000
_ | Commercial Area 7-12 0 0 4,000
8 [ Al Khaburah | Residential Area 5- 8 0 0
_ Commercial Area 7-12 410 4,920 4,920
10 | Saham ‘ResidentialArea | 5- 8 0 0
Comnmerctal Area: 7-12 420. 5,040 5,040
12 | Sohar Residential Area 5-10 1,310 13,100
Commerclal Area 10 - 20 0] 0 13,100
14 | Liwa Residential Area 4.6 0 0
Commericial Area 7-10 7,150 71,500 71,500
18 | Shinas Residential Area 5- 8 24,200 193,600
Commercial Area | 10 - 16 0 0 | 193,600
Notes; 1} Unit cost is classified into three categories {Town cienter Outskirts, Other
areas). The adopted unit cost is of Qutsldrts, because roundabouts are
almost always localed in the outskirts.
2) To Lalcu]ate the total cost, the upper unit cost is applied.
3) The source of unit cost is MOC.
13.3..3 Maintenance Cost

The maintenance work is applied to the grade separaﬂon project.

censisis of routine maintenance, periodic maintenarnice, rehabilitation and

The work

reconstruction. The implementation years in the projeét life {25 years} and unit

costs are given in Table 13.3. Additionally, the actual tmplementation dates of

each R/A follow the “Implementation Plan” mentioned In Chapter 14.
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Table 13.3 Implementation Year and Unit Cost

. : Unit Cost
Type of Maintenance Implementation Year (RO /mZS}
Routine Maintenance | Every year 0.10
Period Maintenance 5th and 15th year after 3.50
opening to traflic
Rehabilitation 10th years after opening to 5.50
_ | traffic
Reconstruction 20th year after opening to 7.00
' traffic

Notes: Unit costs depend on DGR's data.
Yearly Inflation Rate: 2 %

The type of grade separation at this time is classified into two categories. One is
the flyover of main traffic road such as R/A-2, 3, 5, 8, 10, 12 and 14 (Type 1), and
the other is the flyover of secondary traffic road such as R/A-18 (Type 1i), the

objective area and cost for maintenance differ by the above type shown in

Table 13.4.
“FTable 13.4 Maintenance Cost
Type of Grade ;
Separation Type I Type 11
Objective Area 47,000 m? 45,000 m?
Routine Maintenance _ 4,700 RO 4,500 RO
Periodic Maintenance 164,000 RO 157,000 RO
Rehabilitation 258,000 RO 247,000 RO
Reconstruction | 329,000 RO : 315,000 RO

Notes: The object area consists of carrfageway including bridge deck.

13.3.4 Pedestrian Underpass Construction Cost

The pedestrian underpass construction cost for each location is given in

Table 13.5.

The grade separation conStrucllon cost at this time and the result of tender for
pedestrian underpass in 1994 were referred to in calculation of the construction

cost.
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13.4 Project Cost

13.4.1 Grade Separation Project Cost

The initial project cost of each grade separation is shown in Table 13.6.

Table 13.5 Construction Cost
{Financial Cost)
Earth Work : gtgﬁgﬁtri Others Cogfrtlxt;t:!céion
P/U- 1 2,900 23,100 68,600 94,800
P/U-2 3,400 25,300 72,200 100,900
P/U-3 - 2,600 22,100 67,400 92,100
P/U- 4 3,100 25,100 72,100 100,300
P/U-5 2,600 23,000 68,500 94,100
P/U- 6 2,600 23,100 68,600 94,300
P/U-7 2,900 24,100 69,800 96,800
P/U-8 2,900 24,100 69,800 96,800
P/U-9 2,600 - 23,000 68,500 94,100
P/U-10 2,900 23,400 68,600 94,900
P/U-11 2,100 20,700 65,000 ‘87,800
P/U-12° - 2,600 22,100 67,400 92,100
Average 2,800 23,200 68,900 94,900

Table 13.6  Grade Separation Project Cost
(Financial Cost Unit: 1,000 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 209 | 305 | 298 | 315 | 318 | 343 | 344 257
Deslign & 320 | 335 | 328 | 346 | 349 377 378 282
Supervision
Land Acquisition 3 0 4 5 5 13 72 194
Project Cost 3,623 [3.,688 |3.609 [3,812 {3,849 |4,161 |4,232 | 3,298
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13.4.2 Pedestrian Unde'rpass Project Cost

The project cost of each pedestrian underpass Is shown in Table 13.7.

Table 13.7 Pedestrlan Underpass Project Cost
. . {(Financial Cost Unit: 1 000 RO)
p/U- 1 P/U- | P/U- | P/U-{ P/U- | P/U- | P/U- | P/U- | ®/U- | P/U- P/U- | P/U-
Type of Cost | =7 9 |31 45|87 |89 |10 11|12
Construction
Cost a5 | 101 92 100 94 94 97 o7 84 ab 88 92
Contingency 9| 10 9| 10| 9 9| 10| 10 9 9 9 9
Peslgn &
Project Cost 115 122 111 121 114 114 117 117 {114 115 106 | 111

13.4.3 Grade Separation Project Cost of Type A, B, Cand D

The average project cost of each grade separation type is sho{vn in the following

table.
Table 13,8  Grade Separatlon Project Cost
| {(Financial Cost Unit: 1,000 RO)

Item Type A Type B Type C Type D
Construction Cost 3,068 3,433 3,681 2,988
Contingency 307 343 358 299
Deslgn & Supervision 338 378 394 329
Land Acquisition 3 43 100 200
Project Cost 3,716 4,197 4,433 3,816

Note: 1. The costs of type A and B were derived from the result of
preliminary design,

2. The costs of type C and D were calculated by the examined
unit cost on the basis of the conceptual design.
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CHAPTER 14

CONSTRUCTION PLANNING AND IMPLEMENTATION PLANNING

14.1

14.2

14.2,1

General Description

The construction works will consist of flyover construction at 8 sites and
pedesirian underpasses at 12 locations. Yroject organization will consist of
preparation for the construction of the flyover and the pedestrian underpasses and

grasping of the overall scope of worlk,
The project will generally consist of the following works:

- Constructlon of flyovers

- Construction of underground pedestrian underpasses
- Rehabilitation of roundabouts

- Construction of approach roads

- Other related construction works

In performing the {mplemeniation of the works, coordination meetings will have to
be held with the Omani offictals. The 5th Five Year Plan will start in 1996, so
bearing this in mind, the project will be implemented as follows:

Implementation Plan : 1996 ~ 2000 : Construction of 8 flyovers.
Construction of one pedestrian

underpass per year.

Construction Planning, Basic Conditions

In accordance with the surveys conducted, the implementation of this project was

planned to conform with the construction capabflities in Oman.

Construction Materials
Procurement of Materials

The main materials that are available in Oman are as follows:
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Earthfill Materials

Earthﬁ]l_rﬁaterials can be obtained from borrow pits at the foot of the
Hajar Al Gharbi mouniain range within a distance of 20 km from the

project sites.

Aggregates

Stones for gabions and rip-rap, and gravels for pavement are available
in the wadis adjacent to the project sites. Aggregates for concrete and
pavements can be obtained by erecting temporary crushing plants in
the vicinity of wadis or procured from existing plants located in Sohar

and Muscat.
Cement

Portland cement can be obtained in Oman. Cement plants are located
in Salalah and the suburbs of Muscat. The cement production almost

meets the domestic needs for cement in Oman.
Ready-Mix Concrete and Asphalt Concrete

Ready-mix concrete and asphalt concrete can be procured from existing
plants located in Sohar and Muscat. They can also be produced from

plants temporarily set up near the project sites,
Steel and Lumber

Structural steel and lumber for construction can be procured from
overseas sources, Construction materials took up about 15 % of total

imports to Oman as shown in the following table,

Consir Mtls - 1992 1991 : 1990

x 1,000 t % x 1,000 t % |x1,000t] %
Struc Steel 105.6 66.3 | 867 57.3 702 52.1
Lumber 38.3 24.0 51.5 34.0 443 | - 329
Cement - - - - 7.0 52
Other Mtls 15.5 9.7 8.7 87 | 133 9.8
Totals 159.4 | 1000 | 151.3 | 1000 | 1348 | 100.0

Source: Statistics Year Book
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The importing port for this project will be Mina Sultan Qaboos which is

in the suburbs of Muscat.

14.2.2 Constructlon Equipment

The principal items of construction equipment required for the project are listed in
Table 14.1 to Table 14.3 by the type of work. The equipment is available from

Sohar and Muscat.

(1) Earthworks Equipment

Table 14.1 Earthworks Equipment

Equipment _
Main Works Hauling distance less than | Hauling distance more
100 m than 160 m
Clearing and Grubbing’1 _  Bulldozer
Removal of pavement, etc. : Rock breaker™ :
Excavation Bulldozer Tractor Shovel/Back Hoe
Loading Bulldozer Tractor Shovel/Back Hoe
Hauling _ : Bulldozer Dump Truck
Spreading Bulldozer/Motor Grader
Compaction Tamping Roller/Tire Roller, Road Sprinkler

*1  Existing trees are to be transplanted.

*9 A rock breaker will be procure in the case of rock excavation.

{2) Paving Work Equipmernt

* Table 14.2 Paving Work Equipment

Main Work Equipment
Subgrade Preparation | Motor Grader, Tire Roller, Macadam Roller
Subbase course* ‘| Motor Grader, Tire Roller, Macadain Roller, Road Sprinkler
Base Course Motor Grader, Tire Roller, Macadam Roller.' Road Sprinkler
Prime/Tack Coat | Asphalt Distribuftor _
| Binder/Surface Course | Asphalt Finisher, Macadam Rotler, Tire Roller

*  In the case of granular material or crushed stone.
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14.2.3

14.3

14.3.1

(3) Concrete Bridge/ Underpass (Box Culvert) Construction Equipment

Table 14.3 Concrete Bridge /Underpass Construction Equipment

Main Work _ Equipment
Structural Excavation Back Hoe (Rock Breaker), Dump Truck
Foundation _ Transit Mixer, Pile Driver
Substructure Transit Mixer, Concrete Pump, Mobil Crane
Superstructure Transit Mixer, Concrete Pump, Prestressing Machine

Crawler Crane, Mobile Crane

Box Culvert Transit Mixer, Mobtle Crane

Construction Bills of Materials

See Chapter 9.5, PreHminary'Design of Bridges, and paragraph 10.3, Preliminary
Design of Pedestrian Underpass for the bills of quantities for the 8 flyovers at the

roundabouts and the 12 pedestrian underpasses.

Consfructlon Methods

Construction method {Type A, B) of roundabout is shown in Figure 14.1.
Grade Separation

(1) Fiyover Construction Works
a. . Superstructure

The superstructure of the flyover will be a PC box girder and will be

constructed in accordance with the precast concrete methods.

The precast segments will be cast in a plant near the job site then
asscmbled in place by hoisting into their final place in the flyover.

The problems of segmental box girders are as follows:
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V Type A, B
@ FIRST STAGE

__ Barth MWorks Section bridge_ Section Earth Works Section
[ ._Retaining Wall : 1 Retaining Wall '
Speed Changelane . Ramp Way Improved -R/A ' Ramp Hay ‘_,.,,V,A.-?STE.e_d..C-h.nnssr Lane

)
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’0.‘:%::#\ 'Bridge Under Construction
Relveied for Flyover {Part 2)

R/A Under Construction .-

m Under Construction esporary .'
A -roads { 2 Lanes) _DLAN (Improve Existing R/A)

@. SECOND STAGE

- Passable Carriagesays

% T .
(Completed Teaporary-roads & H :::,0.::::‘:; Bridge Under Construction
laproved R/A) k S [o; Flyover (Part | & 3)

WA Under Construction farth weammes Relaining Walls

Horks for Flyover Under Construction

® COMPLETION

R
SRR

-

22
pet
Rl

At-grade intersection
{0H.OFF Razps & R/A)
Reduced Teaporary-roads lo
each 1 Lane for Ramps |

THE STUDY ON ROAD | JAPAN INTERNATIONAL | Fig. 14.1
DEVELOPMENT PROJECT | COOPERATION  AGENCY Construction Method
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1) In selecting the segment casting yard, ihe location of the yard,
yard size, the number of casting moulds, and the type of .
structure will have to be considered. The number of segments to
be cast will have a hearing on the project schedule, the number of
moulds required, the erection method which should be well

planned.

2) The storage yard for the segments, the distance to the erection

site, method of transportation should be well planned.

3) The method of hoisting the segments into place should be
coordinated with the erection site, the structure of the box girder,
the mumber of segm'ents. the weights, and the type of
substructure. They should be well coordinated, and the most
suitable method should be selected. Some of the important

points to be considered are described as follows:

- The segment should bé designed keeping in mind beforehand
the erection method, embedding the necessary connection

- hardware, design lift points and the supporting points.

- Checking the substructure while the segments are being

manufactured at the plant.

- Methods to prevent the overturning of the segment during the
erection should be established.

- The effect of the erection equipment on the existing girders or
deck shall be studied Lo see that no undesirable loads are

- placed supporting points should be decided.

- The existing roads should be protected so that they will not be
damaged by the transport of the segments.

After the PC box girders have been hoisted in place, the bridge

deck works will be resumed.
b. Substructure

The abutment and supports will be constructed of reinforced concrete

and should not present any problems. The results of the geological
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survey show that the soils in the project area are sandy, so the open

cut method wili be used. The work should generally be as follows;
- Preparatory work

- Excavation

- Reinforcing steel work

- Concrete forms and false supports

- Concrete work

Concrete work in the summer season will require casting of concrete In

high temperatures and curing in the same weather. Care must be

exercised In concreting.
Foundations

Precast concrete piles will be used for the foundation and the footings.

A pile casling yard will be constructed near the project site, where the

-piles will be fabricated, stored, and hauled to the site, and drivcn with

diesel hammer. Soil investigation results indlcate that the piles will be
less than 10 m long and it is not expected that piles will require

extensions.

Other related maiters will generally be in accordance with Item {a) for

Supersiructures.

(2} Access Road Works to the Bridge and Reconstruction of Roundabouts

da.

Construction of Retaining Walls

This work will be similar to Item (b), Substructures Item {c)

Foundations,
Approach Roads and Reconstruction of Roundabouts

After construction of flyover and abutments connecting to the flyovers,

the approach, rampway (carthfill, pavement) wil be constructed.

Reconstruction of roundabout will be earried out while the construction

of {lyover at rounidabout.
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14.3.2

14.4

14.4.1

(31 Other Related Work

In addition to the above work the following additional work will be required.

- Extension or detour of existing box and pipe culverts,

- Other related drainage systems.

- Relocation of public utilitics such as water distribution pipelines, electric
underground cable system, telephone lines, and other related works.

- Construction of other roads.

Construction of Pedestrian Underpass

Many actual designs of pedestrian underpasses have been seen to date. There is
no problem in application, but the following points should be considered for this
project.

- The underpasses will be constructed at 4-lane highways with median dividers
where there is heavy traffic, so they should be constructed to pass under a set

of 2-lanes each.

- The water table is low so drainage facilities will not have to be provided during

consiruction.
- The concrete for the underpass work can be cast-in-situ.

- Aturn around road should be provided during construction,

Construction Time Requirements

Flyover Construction Time Requirements (for one flyover)

(1} Conditions for Calculation
a. Working Day

In the Sultanate of Oman the normal working day is seven (7) hours.
However at construction sites, the average actual working time is found

to range from 7 to 10 hours per day.

- The actual working day per month can be calculated as follows:
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Description Days/Month
Number of holidays 8
Number of actual working days 22

Working efficiency per month 73 % (22/30)

b.  Work Efficlency, Per/Day

1)  Flyover at Roundabout

- Detour
Temporary Road 25 m/day
Roundabout 50 m/day
- Superstructure
Fabrication 5 beams/day
Hoisting 5 beams/day
Surface Work 1 span/5 day
- Substructure

30 m3/day
10 piles/day

Concrete placing
Pile Driving

- Retaining Wall
30 m3/day
10 piles/day

Concrete placing
Pile driving

- Drainage Structures

14 -9.

Embankment 400 m3/day

Structure 30 m/day
- Access Road _

Embankment 400 m3/day

Paving Work 150 m3/day

Miscellaneous Work

Miscéll_aneous work 30 days
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14.4.2 Pedestrian Underpass Construction Time Requirements (For One Underpass)

(1) Conditions for Calculation

Earthwork

(Step 1, 1) Detour {emporary work 15 m/day

' Excavation 40 m3/day
Concrete Work 15 m3/day
Drainage Work : 15 m/day
Paving Work 15 m3/day
Miscellaneous 30 days

(2) Construction Schedule

ll 2 3 Lll» 5 6 7 8 9 10 month
i ! L

' ]
(AYDetour 15duys  (B) Detour 15 days ] | l
— L] — 1
Earth work (A) Grcavation (B} Excavation  Farth work 15 days
25 days 25 days
3 I
{A) Concrete 20 days | |
Concrete Structure (13} Concretle 20 days
|
I
15 days

Drainage work

Earth work 15 days
Paving Structures Paving ~ 30 days

30 days

Miscelianeous

The following quantities have been assumed.

- Detour temporary road 300 m

- Excavatlon 1,200 m3

- Concrete 230 m3

- Drainage : 50 m

. Pavement : 250 m? (120 m?)
- Miscellaneous Lump Sum
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14.8

Project Sche_dule

Two schedules are proposed for the project as follows:

Implementation Schedule :

Eight (8) flyovers are proposed to be constructed
during the 5th Five-Year Plan, (1996 - 2000) for
grade separation of the roundabouts, The two
pedestrian underpasses that have high priority will
be implemented immediately, and the remaining
pedestrian uhderpasses (10 locations) will be
constructed at 3 locations in 1997 and 1998, and 2
places In 1999 and 2000 in order of priority. The
remaining pédestrian underpaéses will be

constructed on the basis of one per year.
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14.6

Maintenance Plan

Construction of flyovers and pedestrian underpasses are proposed to be
constructed on Batinah Highway (Route 1). The maintenance for the bridges will

cormnmence with the completion of all {he bridge structures.

In order to preserve the road structures, to maintain a secure {ransport system

and play a part in the economy of the country, proper maintenance will be an

important function. Details of the maintenance system will be deseribed In
Volume UI (Part B).

(1)

(2)

(3)

Road Register

In order to perform proper maintenance of the road systems, in addition to
keeping a file of the design docurnents (road drawings and design analyses),

it is most important to keep a file of all the road structures.

1)  Bridge lnventory
2)  Pedestrian Underpass Inventory
3) Maintenance Record of the above

Preparation of Inspection Guidelines

A guideline for the maintenance of the bridges describihg the daily inspection
itéms, periodic inspection, spot inspection, movement inspections, detail
inspections, ahd thereby uncover latent defects at an early stage and make
the necessary repairs to maintain the road facilities in good operating

condition.

Maintenance and Operation of Pedestrian Underpasses
a. Items of Inspection:

The inspection of the pedesirian underpasses will have to be
maintained in order to provide a safe and secure passage for the local

residents.
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1) Inspection of Box Cuiverts

Inspect the concrete walls and ceilings: Check for cracks, spalls,
delamination, exposed reinforcing steel, voids, popouts, leaks,

efflorescence, scaling, joint disorders.

2) Inspection of Safety Features:

Inspect Safety Features :  Lighling, drainage facilities.
inspect Other Facilities : Inspect for squatters and preserve
order. .

Inspection Method:

Daily Inspection : Approach structure and inspect visually.
Periodic inspectlon :  Prepare a list of items to inspect, the types of
inspection to perform, and the instruments to

use in the inspection.
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15.1

15.2

15.3

CHAPTER 15

ECONOMIC ANALYSIS

General

In this chapter economic evaluations deriving from the construction of flyovers

and pedestrian underpasses are carried out.

Traffic cost is based on a report writlen in Oman “Highway User Cost Updated
1992" (HUC 1992) and “Road Transport Investment Model” (RTIM 2} included in
the report.

Factors of Vehicle Operating Cost

In this economic analysis, economic benelits are defined by reduction of vehicle
operating cost. The vehicle operating cost consists of only running cost and time
cost; traffic accident cost, opportunity cost of vehicles, and other factors which

are not considered here.

(1) Running Cost

Running cost is divided into cost on distance and cost on time. The cost on
distance is composed of fuel cost, oil cost, tire cost, maintenance & repair
cost, and vehicle depreciation cost. Meanwhile, the cost on time consists of

vehicle deprecialion cost and maintenance cost.

(2} Time Cost

Time cost is defined as time evaluation for drivers and fellow passengers on

private cars and bus passengers.

Running Cost

In this section, those factors concerned with running cost {on distance and time)

are examined In detail,
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18.3.1 Running Cost on Distance

(1)

Fuel Cost

The price of fuel is shown in Table 15.1. Since fuel consumptlon rate would
change according to running speed and'gradicnt of highway, Table 15.2
shows fuel conéumptlon rate with vehicle running speed of each vehicle type.
Although calculation of the fuel consumption s based on RTIMS 2 Medel,
revising adjustment is made to consider high popularity of air-conditioners

in Oman,
Fuel costs are calculated by following formula.
Fuel Cost = UCF x FC

where;
UCT = fuel cost per kilo meter shown in Table 15.1

FC = fuel consumption based on running speed shown in

Table 15.1 Economic Fuel Price

Unit : Bz/liter

Fuel Type Gasoline Diesel
Price 76.4 61.7
Note; Caltex Bahrain Posted Product Price

Source: Highway User Cost
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Table 15.2 Fuel Consumptiion
{Litres/ 1,000 km)

Speed . Vehicles Type
) | oy | ST o | gt [t | e |l
5 2825 | 2825 | 2825 | 353.6 | 6151 | 5348 | 6685
10 157.7 157.7 157.7 | 226.0 | 3287 | 2853 357.3
15 1170 | 1170 | 1170 | 1841 | 2359 | 2051 | 2564
20 97.8 97.8 97.8 | 1638 | 1924 | 1673 | 209.1
25 875 | 875 87.5 152.5 | 169.5 147.4 184.3
30 81.8 81.8 81.8 | 1457 | 1576 | 137.0 | 1712
35 791 | 791 | 791 | 1417 | 1524 | 1825 | 1656
40 78.3 783 | 783 | 1396 | 1520 | 1322 | 1852
45 79.0 79.0 79.0 138.8 155.2 134.9 168.7
50 808 | 808 80.8 | 1390 | 161.3 | 1403 | 1753
55 83.7 83.7 837 | 140.1 | 169.9 | 147.8 | 1847
60 87.5 87.5 875 | 1419 | 1807 | 157.1 | 1964
65 92.0 92.0 92.0 | 1443 | 1935 | 1683 | 2103
70 97.3 97.3 97.3 | 1478 | 208.1 | 181.0 | 226.2
75 1033 | 1033 | 1033 | 1507 | 2245 | 1952 | 244.0
80 1098 | 1098 | 1098 | 1547 | 2426 | 2109 | 2637
85 | 117.0 | 1170 | 1170 | 1591 | 2622 | 2280 | 2850
90 124.8 | 1248 | 1248 | 1639 | 2834 | 2464 | 3080
95 1332 | 1832 | 1332 |. 1692 | 306.1 | 2662 | 332.7
100 1422 | 1422 | 1422 | 1748 | 3303 | 2872 | 359.0
105 1517 | 1517 | 1517 | 1808 | 3560 | 309.6 | 386.9
110 617 | 1617 | 1617 | 1873 | 383.1 | 3331 | 4164
115 1723 | 1723 | 1723 | 1940 | 4118 | 3579 | 4474
120 | 1834 | 1834 | 1834 | 2012 | 4416 | 3840 | 4800

~ (2) 01l Cost (Lubrication Ofl)

Ol1l cost, as shown in Table 15.3 (1), and Table 15.3 (2} is calculated by oll
consumption by kilometer considering relatively low significance of this

elements tax is taken to be negligible and is ignored.
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Table 15.3 (1)

Lubricating Oll Price

(R,O./Liter)

Vehicle Type Light Vehlcles Heavy Vehicles
Price 0.582 0.4658
Table 15.3 (2) Lubricating Gil Price
(Liters/ 1,000 km)
Vehicle Type
' Light ‘Mini | Medium | Heavy | Large
Cars | Goods | WD | Buses | Goods | Goods | Buses
Consumption 1.2 1.8 1.8 4.0 4.0 4.0 4.0
{3) Tire Cost

Tire cost is calculated by the price of tire and tire wear as shown in

Table 15.4.
Table 15,4 Type Consumption
Vehicle Type
Light : Mini | Medlum | Heavy | Large
Cars | Goods | #WD | Buses | Goods | Goods | Buses

Ror 276 | 198 | 403 | 200 | 73.8 [139.3 |1042
No. of Tires 4 4 4 6 6 18 6
Consumption{ . : :
(RO km) 0.139| 0.39] 0.139| 0139 0078 | 0.424| 0140

{4)

Maintenance and repair cost

Maintenance and repair cost of the running distance is divided into two

costs: material cost and labor cost. The material cost is calculated by RTIM

Model which takes account of running distance, pavement, and gradient as

the factors.

The labor cost for maintenance and repair is determined by 'worklng time per
kilometer, which is calculated by RTIM 2, and hourly labor cost.




Table 15.5 (1)

Spare Parts Cost

Vehicle Type
Light ' _ Mini | Medium | Heavy | Large
Cars | oods | ¥™WDP | Buses | Goods | Goods | Buses
hi .
RoslePrice | 5001 | 4068 | 7.864 | 9,153 | 9,023 | 37.465 | 46,948
P
g Cpst 130 | 9.2 219 | 202 | 254 | 679 | 210
Table 156.5 (2) Labour Cost
o Vehicle Type .
Light Mini | Medium | Heavy Large
. Cars Goods | #WD | Buses | Goods | Goods | Buses
ooy 2% | 113 | 116 | 142 | 188 7.3 8.4 1.9

(5) Vehicle depfeciation value

The cost of vehicle depreciation is considered as the vehicle cost excluding
tire cost and scrap cost shown below. The scrap cost Is assumed as 10 % of

the difference of vehicle cost and tire cost, as shown below.
the cost of vehicle depreciation

= (vehicle cost) - (tire cost) - {scrap cost)
scrap cost

= {vehicle cost - tire cost) x 0.1

Vehicle depreciation value is considered in terms of *loss by distance” and
“loss by time”. Their component ratio assumes that loss by distance is 75 %
while loss by time is 25 %. Table 15.6 shows vehicle depreciation value
according to vehicle type.
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15.3.2 Rimning Cost on Time

(1} Vehicle Time Cost

Vehicle time cost Is a fixéd cost for vehicle owner, which includes: vehicle

depreciaﬂon value, personnel expenses, Interest cost, and indirect cost, as
shown In Table 15.7. Vehicle time cost is calculated in each vehicle type by

annual running time and pattern of use.

Table 13.8 Depreciation Value
Vehicle | Vehicle | Tyres | Scrap | Depreciable Vehicle Life Depreciation
Type Cost Cost L - Time Use
RO | RO | RO R.O Years| ~ km R.O/Yr | Bz/km
Cars 5,901 110 579 | 5,212 10 | 200,000 130 20
Light 4,068 79 | 399 3,590 8 | 200,000 112 13
_Goods S : . S
4-WD 7,864 161 770 | 6,933 6 | 240,000] 289 22
Mini .
Buses 9,153 174 898 8,081 5 | 275000] 404 22
Medi '
Medium | 9013 | 440 | 858 | 7,722 8 | 280,000 241 | 21
Conds | 87465 | 2,506 | 3,496 | 31,463 12 | 660,000| 655 | 36
Large _ :
Buses | 46.948 | 625 | 4,632 | 41,691 10 | 870,000| 1,042 36
Table 18.7 Vehicle ¥ixed Cost
‘Unit.: RO./Yr
Interest Vehicle | Total Fixed
Vehicle Type | Time Depr. | Crew Wage Chaggs Overheads Costs
Cars 130 0 369 207 706
Light Goods 112 1,920 254 195 2,481
4-WD 289 1,920 192 526 3,227
Mini Buses 404 2,040 169 1,510 4,423
Medium Goods 241 2,040 361 1,037 3,679
Heavy Goods 655 3.360 2,146 7,323 | 13,484
Large Buses 1,042 2,220 2,690 5,324 11,276
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Table 15.8  Vehicle Fizxed Cost

: Hours per | Total Fixed {Commerci} Utllization| Vehicle Time Value of
Vehicle Year Costs al Use Factor Value Maintenance
Type Time
R.O./Hr % % R.O./Hr R.O./Hr
Cars 1,200 0.589 20 50 0.06 0.12
ggg(ii:s 1.800 1.378 80 40 0.44 1.10
4wWD | 1,800 1.793 60 45 0.48 1.08
Mini .
Buses 3,250 1.361 90 80 0.98 1.22
Medium | 5400 | 1533 100 70 - 1.07 1.53
H
oo 3,000 4.495 100 70 3.15 4.49
Ié‘r:ffees 3,900 2.891 100 80 2.31 2.89
18.4 Time cost

Time cost of drivers and fellow passengers in private cars and bus passengers is

calculated by the following items.

Time evahluation of personnel is assumed to be equal tyﬁical average wage by the
working hour, and the value of non-working time is asswmed as 25 % of the that

of wofkmg time.

Therefore, hourly time values of working and non-working time are defined as

follows,
Value of working time 1.00 R.O. {Average wage cost)
Value of non-working time 0.25 R.O.

Hourly vehicle time value is calculated in each vehicle type by the number of
average passengers per vehicle and by the ratio of trip purpose to total trip. This

tirne value of each vehicle type is shown in Table 15.9.
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Table 15.9 Time Value by Vehicle Type
: Comimercial : Value of
Vehicle Use Qccupants | Passenger Journey Purpose | Person Time
Type Per Vehicle
% Work 9% Non-work 9% R.O./Hr
Cars 20 - 1.94 20 80 0.78
Light Goods 80 3.50 25 75 1.29
4-WD 60 1.94 25 75 0.81
Mini Buses 90 7.00 10 90 2.05
Large Buses 100 21.00 10 90 6.50

15.58 Economic Evaluation of the Alternatives

An economic analysis has been carrled out to determine the economic feasibility of
the construction of flyovers and pedestrian underpasses. The economic indicalors

used for this analysis are:

1} B/C ratio (benefit cost ratio)
2)  EIRR {economic internal rate of return) and

3} NPV (net present value),

For the compulation of these economic indicators, the followlng conditions are

applied:

) FProject cost

The economic cost of alternative plans is estimated in Chapter 13.4.

2)  Constructlion perfod _
Construction periods of alternative plans Is given in Chapter 14.4,

3) Project life
20 years

4) Maintenance cost

Maintenance cost is given in Chapter 14.5.

5) Discount rate
12 %
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15.5.1 Economic Evaluation of Construction of Flyover

Economic benefits derived from the construction of the flyovers are derived from
time efficlency and running cost saving. Those factors examined in this chapter

are applied for the Calculation.

Time Efficiency

As traffic volume increases, its speed decreases. And when it becomes close to the
capacity of the facility, the speed dccreaées abruptly. But, the traffic using
flyovers can enjoy smooth flow without stop. This kind of ti‘affic phenomenon is
simulated by the model which was used for traffic assignment. The total vehicle

hours of each case are compared and then converted into monetary terms.

It is assumed that the future traffic volume after 2010 will increase slightly,
because the Batinah Highway would already be fully loaded and other facilities
such as the second Batinah Highway would be constructed.

Running Cost Saving

Reduction of travel length by construction of a flyover is small at 0.02 mile (32
meters), but multiplied by large amount of traffic volume it becomes a
considerable amount, Running conditions such as reduction of speed, stop

frequency etc. are also considered for the running cost saving.
The alternatives considered in the analysls are:

case 0 : noimprovement will be carried out

case 1 : eight flyovers will be constructed by 2000
Case 0 is set up as a benchmark for the other cases of improvement,

The above mentioned economic indicators are as follows:

economic cost Benefit IRR B/C NPV
{in thousands R.0.} | {in thousands R.0.) (%) '
case 1.|. 23,848 25,994 12.9 1.09 2.146
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15.5.2

According to the results, the indicators show economical feasible. but, that they
are not so high might be attributed to the fact that some R/A which were included

as nelwork poliey do not contribute to raise up the indicators.

This analysis, however, is based on.orﬂy traffic functions of flyovers. It should be
noted that the benefits of this project will become greater if comfort and safety
ensured on the flyovers, which are difficult to prove sclentifically, are numerically

considered as benefits.

Econoinic Evaluation of Constriction of Pedestrian Underpassés

Lower speed regulation of 80 km/h or 50 km/h is currently posted where many
pedestrians are crossing on Batinah Highway such as Al Bidaya and Al Tariff, and

drivers are trying to slow down for the safety of crossing pedestrians.

Running speed is expected to rise if there are no crossing pedestrians on the
carriageway after pedestrian underpasses are constructed. Moreover, there is
additional running speedup by deregulation of speed lmits which, however, Is not

considered in this analysis.

According to the samp']ing'sﬁrvey at Al Bidayah, average vehicle running speed is
84 km/h, while vehicles which are not obstructed by crossing pedestrians are

‘running at speed of 88 km/h.

This analysis assumes that beneflls are derived from the speed-up of running
vehicles by the construction of underpasses, which segregale obstructing

pedestrians from highway traffic.

economic cost Benefit IRR B/C NPV
(in thousands R.0Q.} | (in thousands R.0O) (%)

case 1 1,055 915 10.4 087 | -140

According to the results, neither case is feasible, however, this analysis does not
consider some vague but irhportant factors such as pedestrians’ waiting time for
crossing or reduction of traffic accidents. With increasing future traffic volume,
segregation between pedestrians and vehicular traffic is cfucia] for Batinah
Highway.

Especlally at Al Bidayah, where rﬁany pedestrians are crossing, and at Al Tarif,

where visibility 1s bad, the construction of flyovers is urgently needed.
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15.5.3 Sensitivity Analysis

The economic indlcalors are further examined by the sensitivity analysis, by

changing the conditions from which they are derived.
The changing factors considered here are

constniction cost +10 %

traffic volume +10 %
IRR B/C
Traffic Volume . . Traffic Volume
: +10 % 0% 10 % +10 % 0% 10 %
Construction | +10 % 16.2 1.8 83 1.50 0.99 0.68
Cost 0% 17.2 12.9 9.2 1.65 1.09 0.75
10 % 18.4 13.9 10.2 1.83 1.21 0.83

According to the table, traffic volume has more influence on sensitive indicators
than construction cost has. As regards to traflic volume, increasing traffic volume
changes indicators more than decreasing volume. In the most favourable case,

EIRR rises up to 18.4 % and B/C-to 1.83, but in the adverse case EIRR becomes
8.3 % and B/C becomes 0.68.
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16.1

16.1.1

16.1.2

CHAPTER 16

CONCLUSION AND RECOMMENDATION

Conclusion
Necessity of the Project

There are many benefits of this project which are important for the development of
local communities as well as the cconomy of the Batinah region. The grade
separation of roundabouts ameliorates traffic function by reducing accidents
involving pedestrlans or between vehicles, as well as creating a safer driving
environment for higher-speed traflic. Furthermore, the construction of pedestrian
underpasses not only integrates communities separated by the highway, but will

ease highway crossing particularly for the elderly and children.

Most importantly, however, with the construction of these two types of facilities,
the following roles may be considered as the most important of aill:

- The strengthening of intercity infrastructure and development of an economic
sphere centered in Muscat, not to mentlon inclusion in the larger economic
sphere of the Gull. Thus, the Batinah region would better realize its potential

as a role-player in the Sultanale’s development.

- Within the Batinah region, communities on both sides of the highway could
form new soctal and economic relatlons. Integration of commurities could also

promote growth on a wider scale.

Future Trafflc Volumes

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 in traffic 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 soclal and economic framework. The
population of Batinah region in the year 2010 will reach 808,000, or
approximately 1.39 times the 1990 population. At the same time, with the
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16.1.3

mumber of registered automobiles growing at a rate of 7.9 % a year, it is predicted
that their number may reach 975,000 by 2010, or an overall Increase rale of

3.6 %.

‘Traffic volume along the Batinah Highway is growing at a rate of 4.66 % yearly.
However, population and automobile regisiration statistics are growing at an even
greater rate: furthermore, increases in per capita mobility are also predicted. The
amount of predicted overall traffic volume was calculated by taklng the average of
the yearly traffic volume growlh rate (4.66 %} and yearly grou}th rate of automobile
registration (7.9 %), which comes out to 6.28 %. The final figure of 210,000
vehicles predicted for 2010 is nearly triple the figure of 69,000 vehicles for 1993.

Translating this into volume per traffic circle on the Batinah High\iray. Bait Al
Barakah_ Roundabout would recelve approximately 59,000 vehicles per day, while
Aqr Roundabout would receive about 16,000. Many of the roundabou.ts as they
exist at present, paﬂicularly ones with high vohimes of cross traffic, would not be

able to accommodate such traffic volume efficiently.
Grade Separation

(1) ‘Types of Grade Separation
a.  Four Basic Types of Grade Separation

There are four basic patterns for grade separation of ‘roundabouts.
These four proposed types satisfy driving conditions of the Batinah
Highway and have been assigned to each roundabout according to its
character (size and shape of monument, surrounding land usages,
etc.). The four basic patterns of grade separation are shown in
Table 7.2.

b.  Proposal of Grade Separation Type by Roundabout (18 Lbcations}

Types of grade separatibn for each roundabout along Batinah Highway,
considering the above-mentioned characteristics as well as scenic

value, are proposed In Table 7.3.
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{3)

Selection of Highway-Priority Locatlons for Grade Separation Facilities

Among the eighteen roundabouts, certain locations were selected as

demanding more attention than others in regards to priority of construction.

Such prioritizations were based on the following list of evaluation standards,

Eight locations which were selected as a result are presented in Table 7.23.

B

- T

Batinah Highway's traffic volume at the point of the roundabout
'I‘x‘afl‘ic;handlmg capability of roundabout at point of entrance
Role in the road network .

Role in local community integration

Supporting role in development plans

Deslgn Overview

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
consideration of vehlcles which will be existing to and entering from

connecting roads.

Based on forecasts of future traffic demands, the number of necessary
lanes along the Batinah Highway will 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 will be two lanes.
Change in Roundabout Shape

The roundabouts at present are all designed in_an elliptical shape to
accommodate traffic traveling along Batinah Highway, but this will be

changed to a circular design with construction of grade separatlon,
Bridge Planning

Bridge planning was conducted applying the design standards

" formulated by the Government of Oman, and considering existing.

construction conditions.
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The main planning items are listed below:

- Design live load: AASHTO HS-20x 2, or 60-ton {ruck
' welght load. .
- Superstructure design: Simple box-beam bridge of pre-siressed
. concrete,

- Standard span length: 20m

- Substructure design: abutment; reinforced concrete reversed
T-type _

plers; Same as abovf: or ﬂgid frame

% shape pier

- Foundation; Reinforced concrete piles, 500 x 500

square
e.  Regulating Conditions to be Considered 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 scenic value,

18.1.4 Pedestrian Underpasses

(1)

(2)

Candidate Locations for Pedestrian Underpasses

The users of the undelpasseé will be a limited number of people lving
and/or working along the Batinah Highway; mostly those ‘within walking

distance of ihe underpass itsell. This distance 1s assumed 200 m.

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

presence of school, mosque, ¢tc.

Selection of Highway-Priority Locations for Pedestrian Underpasses

Among the forly locations chosen in Table 8.1, those with communities on
both sides of the highway and those with schools nearbiy were selected, while
those in proximily to a priority roundabout were omitted, lea_ving twelve
high-priority locations. Accordmg to the plan, locations which coincide with
priority grade separation roundabouts will be provided with crossings under
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16.1.6

the ramps at ground level. The twelve priority locations for underpasses are

shown in Table 8.2,

{3) Design Overview

The structures will be planned according to existing design standards see by

the Government of Oman.

Dimensions of internal section of underpass: 3.000 x 3,000.

Envitonmental'lmpact

This project is baslcally amelioration project of existing highway; therefore it will
not be cause of major impact on natural environment such as geophysical

conditlon and flora and [auna against a peripheral area of Batinah Highway.

This project 1s to improve a running condition of Batinah Highway and deemed to

contribute reduction of poliutant exhaust,

However, impact of atmospheric pollution that faces a peripheral area are thought
about, as a estimated traffic volume is quite 1afge. approximately 60,000/day.
Therefore monitoring station is recommended to be facilitated to monitor a
contamination condition. As. for socio-economic environment there miight be a
relocation of a highway peripheral resident but at this stage of preliminary desigﬁ
the influence can not be delermined exactly. In future, at a detail design stage,
geometric design:ofl flyover will be so made to minimize the influence to relocation

of the dweller along the highway.

Aesthetics

Roundabouts and junciions have been landscaped by government authorities with
several impressive monuments and gardens along the Batinah Highway.
Construction of grade separation facliities at these. locations may have adverse
effects on landscape aestﬁeticé. In order to minimize negative impact on the
landscape, a number of grade separation types (A, B, C, D) have been established
and assigned according to appropriateness in each siie, evaluated in terms of

aesthetics, function, and structure.
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(1)

{2}

Evaluation According to Basic Structure Type

The amount of negative impacl a grade separation may have on existing
monuments differ depending upon size, height, length and/or direction of
the monument itsell. 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 a monument whose appeal depends upon its height
will be more aesthetically affected by the thickness of the bridge’é
superstructure. As drivers tend to grasp the structure from afar, the overall
visual effect will depend upon the width between the separated carriageways.
Considering these points and others, four patterns have been formulated
according to environmental factors.

Type A, B, C, D

Three Major Factors Considered in Structural Planning

- 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 between the thickness of
the superstructure and height 6f plers should be considered. In other
words, it is most Important to impress the thickness of superstructure by

visually.
- Conslider substructure design

The substructure is especiaily important designWise. as it is the part of
the entire structure which is most apparent to the surrounding area.
Piers which are long and slender would be the most recommended
structural factor, these arrahged in a fashion that woﬁ]d most effectively

bring out the beauty of the monument,

- Consider aesthetic design for the retaining walls

The retaining wall Is of substantial length, and often carries a
monotonous image. To soften this image, a harmonious and flowing

design needs to be considered.

See recommendation in Table 7.3.
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16.1.7

16.1.8

Traffic Safety

Although the incidence of {raffic accidents in Oman has gone down after peaking
in 1983, but still there are 11,754 accidents occurred in 1993. A great number of
these occur in the Batinah region, which includes the Batinah Highway. The most
common causes of these accidents have been speeding, negligence, and poor
driving, which together make up 90 % of the cases. Accidents involving

pedestrians are not unusual: children under the age of ten are the most common

victims.

The number of accidents at different roundabouts are shown in Table 7.25 in
order of frequency, Roundabouts with high numbers of accidents are, in turn,
high-priority locations. Although there is no exact data available on mumnbers and
locations of accidents involving pedestrians along the highway, on-site surveys
indicated that mnnediate attention is required for procuring pcdéstnan crossing at
Al Bidayah and Al Tarif. Other places with high traffic volume share similar

situations, indicating urgency of facility construction at such locations.

Project Cost

The project cost of the eight (8) priority roundabouts and twelve (12) priority

underpasses is shown below, estimated at 1993 prices.

Grade Separation Project Cost
{Financial Cost Unit: 1,000 RO)

Type of Cost | R/A-2 | R/A3 | R/A-6 | 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 & | 320 | 335 | 328 | 346 | 340 | 377 | 578 282
Supervision _ _
Land Acquisition 3 o] 4 5 5 13 72 194
Project Cost 3,623 | 3.688 | 3,609 | 3,812 [3.849 |4,161 [4,232 |3,298
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Pedesirian Underpass Projecl Cost
AFinancial Cost Unit: 1,000 RQ)

Type of Cost | P/U-1 | P/U-2| P/U-3 | P/U-4| P/U-5 | P/U-6| P/U-7 | P/U-8| P/U-9 |P/U-10|P/U-11|P/U-12

Construction

Cost 95 | 101 92 100 94 o4 97 97 94 95 88 92
Contingency | 9 | 10] o [ 10| o | 9| 10 | 10] 9| a] of o
Deslgn & . ' '

Supervision | 10 | 11| 10 | 11 {10 [ 10| 11 |11 10 | 10/ 10} 10

Project Cost | 115 122 1 111 - 121 | 114 114 | 117 117 | 114 115 | 106 | 111

16.1.9 Economical Conclusion

The economic analysis calculaied the Internal Rate of Return, Net Present Value
and Cost Benefit Ratio.according to the Cash-Flow method which {s a standard
method employed: to lean the effects of the charge in traffic flow after construction
of flyover. The Quantitative economic benefit is the saving benefit of combining

vehicle operating cost and vehicular time,

The results of the analysis indicate that the project is feasible from an economic:

viewpoint.
Economic Internal Rate of Return (EIRR] @ 12.9

" Net Present Value {NPV) 2,146 {1,000 RO}
Cost Benefit Ratio (B/C) o 1.09

Further more, accoi’ding to a sensitivity analysis in which construction costs and
traffic volume were raised or lowered by 10 %, the following resuits were obtained.
When the construction costs are raised the economic index decreases, and when
the traflic volume is raised the econdmic index rises as well. The best combination
of construction costs and traffic volume would be EIRR at 18.4 % and B/C at
1.83 %, while the worst combination would be EIRR at 8.3 % and B/C at 0.68 %. :

A feasibility Stﬁdy was also'conducted for underpasses in the same manner as for
flyovers, but no cases were deemed economically sound. However, this analysis
took only traffic functions into consideration, so this project is delivered to hold

sufficient merit out when ihe safety of pedestrians is considered.
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16.2.1

Recommendation
Actuslization of Project

The results of this survey indicate that this project is feasible both from a
techriological viewpoint we well as an economic one. Aside from the direct benefits
to be galned by the region as a whole, a number of indirect benefits are also
expected to bolster the economy of thé Batinah region, Judging from the EIRR
value, financial feasibility is not necessary.high. but there are sufficient
expectations towards indirect benefits coming out of the actualization of the

‘project. We hereby propose the priority actualization of grade separation for the

following roundabouts: Barka Roundabout, Schar Roundabout, Al Muladdah
Roundabout, Saham Roundabout, and Naseem Garden Roundabout. All of these
locations are ekpected to become overcrowded within the next few years and

demand priority actualization.

An analysis was also conducted for uriderpasses in the same manner as for
flyovers, but they were not deemed economically sound. However, this analysis
took only traffic functions into consideration, so this project is believed to hold

sufficient merit out when the safety of pedestrians is considered.
[Effects of the Project]

Grade separation of the roundabouts will not only ameliorate traffic function by
promoting safer high-speed travel, but will also reduce accidents among vehicles
and pedestrians, more closely ﬁitegrate communlties on either side of the Batinah
Highway, will guarantee safe crossing for children and the elderly. All of these
factors will work together to improve the qﬁalify of life in the region. Fui’thermore.
accompanying the construction of these two types of facilities, fulfillment of the

roles described below will also be attained:

- Straightening of the intercity infrastructure, further development of econornic
sphere centered in Muscat, strengthening of transportation network with
neighboring countries, Increasing Batinah region’s potential as an Important

role-player in the development of the Sultanate.

- Forming of new economic and soclal relations of communities on both sides of

the highway.
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- Widened social and economic integration of communities on both sides of the

highway.

Aesthetic Considerations

There are couniless monumenis along the Batinah Highway apart from the
roundabouts, which would be impossible to ignﬁré when ccnsidering the
aesthetics of planning various facilities. In conjunction with this project, it is
necessary to not only consider monuments as landmarks for drivers, but also

whether they are objects acceptable to residents of the community.

The preliminary design of the Flyover in this study was conducted with major
concern placed upon the selection of structure scale and economic analysis. We
propose to place greater weight on the aesthetic considerations in planning when

conducting the detailed design.

At that time, superstructure and substructure of flyovers will be designed
according to Islamic cultural themes. As reference, we have conducted drafts of

five proposals as follows.

- Islamic arch-type and single-column plers

- Ornamental arch at center of Roundabout and single-column plers
- Single-columm piers with géte-type mohument

- New roundabout symbol and sln'gle—colurnn plers

- Islamic arch-type piers

16 - 10



SYFId NI T00 HIDNIS ANV SHHOEY DIONVISE

VIR R0 TR rp IRy,

A

= A
118
i
2
4’
2
b

N
ki
[

Ry

6-11



SEFId NNNTIOD FIDNIS ANV LNOIVANNOYT I0 YEINAD LV SEHOYV IVINTNVYNIO

/ -

6-12



INHNDNOW ZdAL JIVO HIIM ¥HId NWOIOS JIONIS

rl% j‘ .) 3 - % Llg
:.E..é. ke i va.%u&&,
_ .ﬁ-r A hﬂ‘-.wa :

.w..‘ Vv :.
L ,Wt. __,a.%%._w @@

N.wﬂ.

o Pl g
SEEORRE Zoge)
g A e ;
: Y ¢ A - "
i AERY X
»‘v.h. i A R
Jﬁvs Taral
i hen
T
7 ;
" SN E

6-13



SEdid NAYVICD HIDNIS ANV TOGINAS LOCEVANGod mEN

H

6-14



ST
—_—

o

SdHld FJAL HOYV DIAVIST

(’ =

ey
e
VR Ly

PRSI

-
: L) _ AL
e 2D
it
i

6-15






18.2.3

i6.2.4

Consideration for Implementation of Detailed Design

Consideration of the situation of facilities, manpower, etc. in Omant as expressed

in the following items: is necessary upon implementation detailed design for the

project:

Number of available engineers and their capabllities; ¢.g., construction

management, qualily control, etc.

Present situation of available materials, equipment, and féci!ities in Oman.
Facilities and capabhilities of domestic contraciors

Climatic conditions

Relationship between economic feastbility and aesthetics (monuments, etc.)

Future situation of bridge design and construction technology in Oman;

consideration of design standardization.

Overall Traffic Operation of the Batinah Highway

1}

2}

Amelioration of Irish Crossings

Areas which experience high frequehcy of inundation should be provided
with culverts and/or bridges. Other areas should be provided with flood-

warning systems.

Amelioration of Intersections

Communities along the Batinah Highway need aceess to it in the forms of
intersect'ion and left-turn lanes, which are provided as openings in the
‘median. However, the veﬁicles using these intcersection facilities easily
miscalculate the speed of oncoming vehicles along the highway, which makes

for an extremely dangerous situation.

To improve fhis situation, at certain intervals or at major communities, the
pedestrian underpass could be widened to accommuodate vehicles if deemed
appropriate. The possibilities of placement of such a facility should be

seriously considered.
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