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DIVISIONI. BRIDGE PLANNING
CHAPTFR1  GENERAL
.1.1 Introduction

"Bridgé Planning” is a composilé art to involve not only bﬁdgc design but also traffic, highway,
waterway and other related knowledges. In broad sense, it even .includcs administraiiofl duties é’uéh as
financing measures, land acquisition, consultations with other aﬁlhorilies for te-location of public
utilities, etc. to assure its implementation. 'Thus_, the job of bridge planning, for it requires a wide
territory of énginccrings, cannot usually be carried out but by the expér_icnccd engincers who are of

course bridge specialists and further must have other related profound knowledges.

Alihoug.h it is _difﬁcufi (o systemize all of the bridge ﬁlanning procedures, this x.nanu:al will provide
mainly with the procédures for the slruclura!. side of bridge planning for the engincers who are not
always Welll 'expérienced. Particularly, the provisions for the waterway crossing requircments given in
cha['}le_r 3.3.2, which is the extraction of the Japan’s river act, will be a ‘go'od help to undpréiand how to
take hydrblogical condition into the bridge pfanniug' ta cross rivers. However, the manual does not

detatl about traffic demand and highway studies nor administration matters.
12 General Bridge Structure

The general features and terms of the bridge structure explained in the manual are illustrated as

follows:
Bridge Length .
Beamlength  _ BeamLength
: B Eifective Span Effective Spaﬁ : X
Superstructure | | Approach Road
. - L
Gk \ I | Fh
, _ 1 .
’ A1
:::rapi(vw;’i/ I Pite Cap
Abutment | ing Wat - I .
Front Wall —1 Piles
Substructire Footing

Notes : HWL = High Waier Level
1.WL = Low Water Leved

rig. 1.1 General Bridgc Structure



1.3 Bridge Life Cycle

n general, the life of bridge is considered lo take a management cycle namely planned, designed, built
and used as shown in the following flowchart,

b

(1) Demand for Bridge Construction

*

(2) Definition of Requitements and
Conditions
¥

(3) Drafting of Alternative Plans

v

(4) Evaluation and Selection

v

{5) Pretiminacy Design

{6) Detailed Design

Planning Stage

Design
Stage

{7} Construction

v
(8) Use and Maintenance

|

Fig. 1.2 Bridge Life Cycle

In the above cycle, the steps (1) o (4) are defined as the planning stage, and.which are the ve‘.ry‘
process to be discussed in this manual. ' ' B

The steps (5) and {6} are rccognized as the design stage to cover the activities from structural analysis
up to preparation of drawings and.spéciﬁ.cations normally including construction contract documents.
The step {5)—prclimi'nary design is geriéra]ly performed with less accuracy than that of detailed design
to obtain outline of the broject and clarify problems, which enable the authority to take early actions
ard corrections before detailed design s.e_ls in.

Bridge j)lan is materiatized through the detailed design and construction. Completed bridge will be

used over a long period as a public facility receiving maintenance and when it becomes decrepit, the

demand for new bridge construction arises again.
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CHAPTER2  PROCESS OF BRIDGE PLANNING

2.1  General

- The work of bridge planning is begun ﬁpdn seizing the demand for bridge construction and
takes the steps as explained in the bridge life cycle toward mapiemen!auon However, the
process of bridge planning explained in this manual is not always apphcable as it is to every
case. By cases, different planning process will be taken: some brzdges can be planned more
simply but some may need anotker or additional consideration. Pracucally, the cxpcrlenccd

bridge designers tend to perform bridge planmng by !akmg into account various cond:nom
simultaneously.

This chapter of bridge ptanning process will be useful for less experienced engineer as a check-list not

to miss the essentials of planning and for advanced engmeers to prapare lucid explanation and report
for their planning.

2.2 Demand for Bridge Construction

Brldges are constructed for various purposes to support roads and highways at strategic points along
their routes. Brzdge structures are required to Cross over rivers and valleys, or for grade- separauon

with other roads and ra:lways.

Bridges are generally classified and s.epa'.rateiy called by purpose as follows:

‘ ('!) Road or highway bridge

General name for any bridge on rdads and highways.
(2) Railway bridge |

General name for any bridge on railways.
{3) Flyover or overpass bridge

Bridges for grade-separation with other roads, highways, or railways at intersections.

(4) Viaduct

Bridges to support elevated roads, highways, or failways, which afe'buiit'mainly at where gfound

space is limited in urban area or earth-fill is difficult for ground is soft.

I-3



2.3 Definition of Requirenents and Conditions
2.3.1 General

Upon receiving a demand of bridge construction plan, it is the first step to clarify all the information
altending the proposed bridge plan including both of requirements and conditions. chmremcnts mean
functions and capacities intended to the planned bridge.

Conditions mean natural environment and surroundings where the bridge is to be constructed,
2.3.2 Requirements

For the planning of road and highway bridges, generally the fbllowing information shall be clarified
first, the most of which are obtained from the highway design where the bridge is proposed.

[l) Road alignments (v erucal and hor:mmal)

Approxlmalc location and size of bndgb are lmmlly defmed in lhc vertical and horizontal ahgnmenls
of planncd road. The. road allgmnenl of the proposed bridge section and its vicinity will be
somelines ‘modificd if that is not favorable for_ bridge planning, for example to avoid steep grade,
sharp skew, curbed aligmment, ete. In case of bridge replacement, the new bridge is generally

planned in parallel with the old, and approach roads are required to connect with the existing road.
{2) Cross-seclion.of road

The cross-sectional profile of bridge generally conforms to the standard cross-section of road design.
Same vehicle lane widths as that of the road section are normally applied to the bridge section, too.
As regards shoulder and sidewalk, different designs are somelimes adopted according to the situation

of the proposed bridge for example reducing or adding such 'w_idlhs from economical reason.

{3} Design vehicle loads

Design vehicle loads to be imposed on bndge must conform to the HS 20 44 load of the AASHTO’
Standard Specification for Highway Bridges. Over lcadmg provision may be considered according
o the classification of road and the design trafﬁc volume especially of heavy commercial vehicles

ratio, MOP (Ministry of Public Works) apphes 120 % of HS 20-44 load for the bndges on major
highways ‘lnd trunk roads.

(4) Affixed public utilities

Bridge, although ns ma)or function is to support traffic loads, is often requested to affix the following
public utilities:

I-4



- Tele-communication cables
- Eleclric calﬂes

- Water main pipes

= Gas main pipes

These public utilities are gcnicrally laid along roads under surface, but at bridges held byl bridge

structures,

The reques(s of afﬁxmg public ul;lmes should be conﬁrmcd lo each uhhty agcncy and taken into
account in bridge plannmg if requested. The accommodation space for utitities shall be secured in
the bridge cross-sectional proﬁle and their additional wexghts mcludmg that of affixing devi ices be
| taken into bridge loadmg. Utilitics are usually accommodated under bridge deck and bclwwn.beams
to be concealed from the external view, Affixing of clectric lines n‘e.cds insutated coveri'ng'égair._lsi—
electric shock risk. Affixing of water main pipes sometimes makes the bridgci struciurél layout

difficult especially in case that watér pipe is too l'argc to be accommodated between beams.

The cost of affiking pub!ic utilities is generally beared by the uﬁl'i{y agencices in the 'propcjrlidn of the

_ uti'ily W‘cight to the total bridge design loads,
2.3.3 Conditions

Bridges are so planned as not only to meet the prescribed requirements but also to be compatible with
the surrounding environment and other site conditions. Normally, the following conditions are

~involved:
| (1) Topography

Bridge structure is planned so as to fit in surrounding topography. Normally, lopographic map and
~ profile elevations are prepared by the plane and lmellmg suneys “and on which bndgc slruclun, is

planned mainly for deterinining location, lenglh and spans.
(2) Geology

Also, the ground condition of bridge site will decide the structural design of bridge. General soil
information such as natures and depths of typical soil layers, would be obtained by collcchng previous
data if available or by performing soil boring, sounding, or geophysical exploration if no previous data
is available. All such information is gathered into a soil profile and which should be combined with

the topographic profile for the convenience of performing planning work. Geological information is



“used mainly' for selecting beaﬁng stratum, and location and type of substructures in particular of
foundations, T | |

(3) Climate

The climates, contours and landscapes of Chile change much from north to south, but in west to east
surface is regular in all the country. Along the coastline runs the coast mountain range, then a
depression or intermediate valley, to end up in the high summits of the Andes Mountains.,  From

Pucrto Montt to the South (Patagonia), the territory is dismembered in a targe archipelago that limits
wilh the Andean Range. '

Th_rbnghoul the length of the cdun;ry, geography varies gradually: the deserl in the north, further .
south the desert blooms in ocases. Then comes the fertile agricultural core, followed by rolling
meadows and jun'g!e Backdrop is always present with the snow capped moumams of the Andes.
But, the widih of Chl!e is narrow, at Arica, cmenng a distance of only MO kmn.

(4) Hydrology

Minimﬁm heighl depth, and length of bridge 'slrucluré are generally decided from the hydrological
condmons of waterway e'ccepl the bridges ptanned far higher above the water Te\’el to take navigation

clearance, to cross deep valley, or for grade-separation.

The most necessary hydr.dlogi.c'a_l iﬁfonﬁatioﬁ is that of flood such as rate éf discharge and high water
level, which can be determined by the ‘run-off analysis assuming sainfall i'memily However, this
theoretical approach IS often not reliable due to complex;l} and lack of field data. The second-best
nmeasure is {0 trace the past flood marks along river basin for delermmmg the high water tevel and to
survey the past flood damages nearby the planned bridge for decndmg ihe course of flood flow.

The cross—seélit}n of waterway (cxisting 'wate'r‘ level and river bed elew)ations) at the planned bridge
location should be surveyed and plotted on the topographic proﬁ!e together with high water level and
river improvement plan if there is. After conﬁrmmg thc cross-sectional profile of waterway, bridge
structure is p!anned 50 as to be posmoncd above the hlgh water level with appropriate freeboard and
over the extent of the high water level, Hydroioglcal conditions prepared for bridge planning are
subject to the approval of the River Work Depariment of Highway Directorate.

The hydralogical survey items and the waterway crossing conditions necessary for bridge planning are
detailed Iater in Cha'pler$ 323 and 3.3.2 respectively.
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- {8) Grade separation

When bridge is planned for grade separation with other road or railway, the following information of

the crossing road or railway at the planned bridge location is necessary:

EE N
11
1H.

2

Plan and longitudinal profile
Cross-sectional profile N
Over-head and under-ground public utilities
Road or track clearance

Overlay and widening plan

The .crossing conditions with road and railway aré detailed later in Chapters 3,33 and 3.34
respectively. . ' '

(6) Construction

Construction of planned bridge should be practicable, To ensure tha! the foilowmg bas:c mfonnahon

about cons{rucuon is generally requnred which sometimes will be a decisive factor to select bridge

ype.

ii.

Access to construction site

 For such bridge sites as the access of heavy equipment is difficult due to steep terrain or

densely built up, the selection of bridge type will be limited by construction method and
availability of eqmpment h : :

. Transportation to bridge sitc :

Modern bridge construction uses many of large precasl or faclory -made members such
as for beams and piles, and accordmg]y needs more heavy equipment to erect them.
The transportable size and route will be a main factor to decide the maximum span for
the bridges remote from existing road.

Traffic diversion

In case of re-construction plan of existing bndge, traffic dwersmn is usually neccssary
If there is no detour way in the vicinity of the bridge, temporary brldge or the slagc
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construction scheme is requited and that raiscs the project cost significantly.

. Construction pollation

The piling work by the use ol diescl ham_méf has been prohibited according to the area

- and hours in Santiago. These years, the construction work in urban area is becoming

24

restricted for the environment conservation, Bridge plan has to consider it in selecting
construction method. '

Bridge Planning

24.1 Preparalioh of Base Map

Bridge plan is drafted on the base map which is prepared as follows:

Base map isa dmwing having a topographicél plan lower and a profile upper corresponding in

position. Base inap shall cover an arca sufficient for planning both of bridge and its approach

© foads.  Depending on the terrain and the size of the planned bridge, an area of around 100m

iv.

‘wide by the bridge length plus 50m for each approach is a minimum idea.

Add the geological information to the base map: soil profile and boring data on profile, and

boring ocation on plan.

Add the hydrologibél information to the base ﬁmp: high water level, river bed elevations ‘and
frecboard on profile, and water flow course and banks on plan. If there is any river

improvement plan, plot its finished elevations and alignments.

In case of the grade-separation bridge, enter the information of the crossing road or the
railway on the base map: cross-sectional elevations and clearances on profile and horizontal

alignments on plan.  If there is any widening or overlay plan, plot its finished alignments and
clevations., 7

Piot the planned road alignments on the base map: finished road elevations on profile, and
center and other lane lines on plan. In additioh, enter the designed cross-sectional profite of

bridge on the upper right of the base map.

[-8



2.4.2 Drafting of Bridge Plan

Bridge plan will be drafted on the base map nomml]f taking the following procedures:

(1) Location and length of bridge

Locauon and Ienglh of bridge arc delermmed on lhe pmﬁ!c of the base map by selecting the abutment
location at both bndgc ends.

For the bridges planned with minimum height on the high water level, the abutment location is

generally so decided, according to the crossing conditions, as to minimize the bridge length from

~ economic reason, - Crossing conditions are detailed tater in Chapler 3.3,

However, for lhe bndges planned high from the ground or from the high water level and so the
abutment location is d;screuonary, it can be dec:ded economlcally by the cosl comparison betwecen

bridge and carth-fill. A samp!e of the cost Compamon is demonstrated as follows:

.  Assume minimum three points of tentative abutment location with different carth-ill and
abutment hei ghlé along an approach road. For cxami:sle, supposc three carth-filt heights 4, 6 and
8m along the approach road of 4% stope and so each point is 25m apan.

ii. Estimate roughly and sum up the hypolhelicai costs for each point, and compare them to find
the most economical location. Refer to Fig. 1.3-Economical Abutment Location and Table 1.1-

Hypothetical Costs.

i, Regardmg the t,stimatc of the supers!ructure cost in Table 1. I, although type and span will not
have been decided )el in this stage assume them tenlalwely and estimate the average unit cost
per bridge surface area from the past records of pm]ect casts. For instance, PC (prestressed
concrete) beam with 20-30m span may be an appropnalt, first assamption, If there s a

possibility of steel beam likely in Sabah and Saraw1k, estimate the cosl in same manner.
Irrespective of the above economic study, the limit of the safe earth-fill height will be an decisive

factor to decide the abutment location where the ground cannot support high fills.  After all such

studies, abutment is generally planned of its height ranging from around 4 to 15m.
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% \
&)
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b
= .
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Q 25 50
_ Abutmeql Location (m)
Fig. 1.3 Economical Abutment Location
’I‘ablé 1.1 Hypolﬁeiical Costs
Point ®© ‘ @ @
Abutment Cost for Abutment (D [for Abutment 2 for Abutment @) -
Superstructure Cost  |for Section D-B3),  [for Section DD, .
30m - 25m o L
Karth-fill Cost Lo . |for Section (D-(2),  (for Section (D)-(D,
: : ' 25m : S50m
Total Cost : ) ‘ @ ®

(2) Pier location, span, and bridge type

After defining the bri&ge locéglion and Icngih', the next is to sclect pier location and spans as wel as
applicable bridge types (of supersructure) by studying the ground (topographical and geological) and
crossing (of waterway, road, or railway) conditions on the base map. As spans are decided, the

choice of bridge types will be nar_rdyi’&d down, that is, span is generally selected within the appticable
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range for cach bridge type. ~ The reference of bridgc iypés and suitable span range is givén later in
Tables 1.5 and 1.6 of Chapter 3.4.2.

For the bn'dges'whcrc pier tocation is restricted by cr_bssing conditions, it is so selected, according to

the recommendations detailed in Chapter 3.3 - Crossing Conditions, as 1o minimize the interference

 with the crossing river, road, or railway.

However, for the bridges where pier location is discretionary, it is selected cconomically by comparing

the costs for several span alternatives. This study holds true more for longer bridges. A sample of the

cost comparison is demonstrated as follows:

i

iii.

Propose minimum three alternatives of different span arrangements and their corresponding

bridge types for a certain bridge length. For example, suppose the following three arrangement

casess as shown in Fig. 1.4-Econcmical Span Arrangement.

_Estimate roughly the total censtruction cost for each case including all the superstructure and

substructure costs and compare them to find the most economical span arrangement and

bridge type.

In order 10 hold the accuracy of the cost comparison, bride type should be selected appropriate

for the proposed span' and be practicable in construction. The superstruclure type is

_ comparativél)} qurickrlo be looked up from the standard'dcsign comparcd to the substructure

iv.

which is usually not easy and owes much to the engineer's experience and the past similar
designs. ' Simplified stability calculation is somelimes required to define the size of
substructure especially the size and number of piles which affect the substructure cost

significantly.

In conclusion, the economy of selecting span and bridge type is understood as the cost balance

. between superstructure and substructure, That is, the cost of superstructure is generally much

the higher as the longer span is. On the other hand, the cost of substructure depends more on
ground condition than span'and bridge type. Therefore, for such bridges as the subsiricture
cost is small because, for instance, no pile is required owing to shallow bearing stratum, the

choice of shorter span with many piers is economical, and vice versa.
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Arrangement

(Case. __BrdgeType - . _Span Arrangement
2@ 50.0=1000m .
(D PC Box Beam i

by Stage Casting

3@33.3=1000m

o
%

o]

-
Estid
5
H#3

@ Post-tensioned PC I-Beam
by Eaunching Ercction

5@200=1000m

Pre-tensionad PC I-Beam I I I 1
by Crane Erection ' :
1 ]
4

Totalé;sl () " : _
NC o ]

Most|Economi¢al Span

s -

20 ' o 333 10 50
o Span (m}

Total Cost

Fig. 1.4 Economical Span Arrangci‘nent
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v. The ébovc sample of coét conparison was 'pcpformcd among the different bridge types
prbposcd for each %pan arrangement respectively. On the other hand, the most cconomical
span for a certain bridge type can be known by pcrl'ormmg the cost compfarlﬂon under the
same bridge type.  For instance, PC post- -tension beam is generally used ina span range of 20

o 40m and the most economical span of this type will be derived from the following

COMPArison;
Arrangement Casc Number of Spans | Span{m) ' Bridge Len glh(m)
® .5 X 20 = 100
@ 4 X 25 = 100

® 3 X 1’3 = 100
(3) Practice of span arrangemém

Multiplé span bridgc should be arranged in regular spans‘wilh uniform beam height as much as
possible to create thc view of straight, cfean horizontal lines, and which also helps labor-and cost-

savings in deSIgn and construction.

Howe\er for the bridges s.panmng deep valley, the pier location is controlled by terrain and
accordmgly regular span arrangemenl is difficult. In Flg 1.5, for instance, Option (D mlends same
span but the construction of hlgh pier is difficult. Therefore, the urrt,gular Spans or one span option
shown in Optiqn' @ and @ will be considered as alternatives. In gmcral when pier height is over

around 30m, the options of longer span bridges will be economically more competitive than shorter
span lypes.

M,

Opticn @ ) Option @ . Option @

Fig.1.5 Span Arrangement for Deep Valley



2.5 Evaluation and Selection
2.5.1 General

Chapter 2.4 explained how to draft a bridge plan lo.meel_thc requirements in the given conditions,
As a matter of course, drafting work is always performed to scck better plan and through this process
various judgments and reasdnings as well as sclections will have been devetoped.  However, such |
dcv.elo.ped informaiion will not have been logically compiled yet. | For the final conclusion of bridge

plan, the process of evaluation is réquired to justify it objectively.

The work of evahlatlon should start with making clear the objects of evaluahon be tollowed by 1he

comparison of advanlages and d;sadvanlageﬂ and be concluded by rating.

2.5.2 Objects of Evaluation

Bridge is a composi{e figure made of many components which are roughly divided into sdperslructure
and subs{ruclure mdudmg foundation. To select such a composite figure, evaluation is required in
both ways, pamal!y and totally.

(1) Parial evaluation

This is performed to sclect type for a certain ﬁlcmbcr part(s) or to give individual solutions of a
planned bridge, and the results of that are reflected to the tolal evaluation.

Take an éxample for the selection of foundation and Suppose that ground is soft alluvial déposils with
intermediate sand layers and diluvial formation is about 30m deep. Fro'm this assumaption it is
immediately clear that this site needs some pITES‘», but the probfem is to select lhe type and size of piles.
Several ophons will be suggasted with advantages and dlsadvanlagus For mstancc PC spun piles may
be the cheapest but uncertain in execution for lhe depth of bearing stratum and the existence of
intermediate sand Ia);crs. Steel pile pi'les are reliable in construction but may be the most expensive.
Bored cast-insitu conérete piles wilt be anolhér pdssibilily reliable in execution and advantageous for
less noise if the site 'is at residential area, but the site work will be complex for large facilities and
skilled techniques are required. Thus, even lqking the problem of piteé which is only a part of a bridge,
evaluation is required to selercl the best,

In bridge planning, the followings are the most common objects of ‘parlial evaluation:



To select location, length, and spans

- Abutment localion by cost comparison between bridge and earth-fills, and maximum safe

éarth fill.

- Pier and span arrangemcnt by cost companson among several combinations of superstructures

and substructures,

To select foundation

- Type of !'oundauon and conslrucllon method accordmg to ground condition, cest, and

execulion rehablhly

- Kind and size of piles by cost compamon among sc\eral sizes and required numbers of piles,

and avanlabnhty of equipment.

iii. To select substructure

- Type of abutment by its required height sometimes including comparison between retaining

wall type and earth-pressure-relieved type from economy, aesthetic view and earth-fill
stability.

- Type of pier by its reql.ured height and situation.

iv. Ta select superstructure

- Type and construction method according to span, ferrain and accessibility, material and

equipment (for erection) availability, cost, aesthetic view, ele.

* - Construction method of deck stabs: cast-insitu or pre-cast according to accessibility and time

schedule.

{2) Total evatuation

This is performed to finally select the best bridge plan as a whole. The information obtained through

the partial evaluations will be combined in various ways to produce several complete bridge plans for

final selection. These final plaas shall be of minimum two altematives in order to compare them but

not so many suggesting thal five may be maximum to clearly understand the differences among them.

Evaluation factors

Bridge plans should be evaluated from various aspecis such as economy, construction,



ii.

maintenance, aesthelics, ete. As regards safely and crossing conditions, which are usually not

included in the evatuation factors, because bridges undoubiedly ought to be planned safe and
to satisfy conditions. '

Rating

The simplesl technique to assess the overall alternative plans would be to use a ranking

method. A sample rating by using the method is demonstrated as follows:

®

Two kinds of rating factors are used, ranking and importance. The product of the two
factors is defined as the score for each alternative relative to each eva1uahon factor. A
total score addmg the scores of all cvaluation factors is the conclusion of the rating, and

normally the alternative plan scored the highest will be the most desirable.

Ranking factors will be given by whote number with réspe'ct'to the order of desirability

among the altemmatives. The rank of L is assigﬁed to the least desirable alternative and a

* rank of n {equals qhé number of alternatives) is assigned to the alternative (hat is the most

desirable.

Importance factors w;II be given by weighmg pncnues among the evaluation factors. ‘The
assignment of lmponancc factors is voluntary, and with which the policy of bridge plan

can be considered in the result of evaluation.

Supposing a sqmpie raung ‘of three altemam'es whcre the first priority is given to
cconomy and the other importance f’ictors are welghed equal the following result lS

obtained. In this assumption, the highest total score will be 30 and the lowest 10.

Evaluation Factor  king Factor o irﬁpor{anée Fﬁclof - Score

Economy 1, 2, @ o 4 : o2

Censtruction 1, @ 3 2

‘Maintenance i, @ 3 2

Aesthetics | @, 2, 2 2 2
10 22

(B Tt is noted that the above ranking method cannot distinguish incremental differences

among alternatives. One way to remedy this is to establish the ranking scale on the basis

of relative difference, but that is too hypothetical to give factors properly.
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iii. Bvatuation table

- Total evaluation is the summary of all 'lhe' information obtained lhrbugh' the p!énning process
and which should be clearly explamcd to the pubhc or (o the pamm concerned for approval.

" Bvaluation results should be understandablc to third party, so that the usc of table is
recommended for better presentation. hg. 1.6 shows the example.

A.m-mt-.\ma_n' | O Comm D | @ C____ D | ® C___ D

. Musiration (Profiled ‘ (Figare) ‘

Conclusion & Total Score 10

Ivaluation Factor :HTC';C:: ance Comment . E{:;:‘;"g Sc&c Coms:.wul" ‘:::;n“ Scorz C‘ornmen.t ' R:;:_nh S-cw;
Foonomy 4 ‘ (Comments)y ' 3 12 C l 1 4 i o i 2 ]
Construxtion 2 { N ) r o4 @ 3 6 - C jD 1 2
Mairtenance _ 2 C) 2 4 | - ] 1 2 { } 3 g
Acsthetics ? { _D 1 1 | l.- 3 6 ( _) 2 4

2 C ) el C ) e

Note: Scarcs shown are sample only.

Fig. 1.6  Evaluation Table
2.5.3 Scope of Evaluation
Evaluation is performed to figure out the best bridge plan under a certain situation or scope, and within
the scope all alternative plans come out and conclusion is made. The scope depends on purpose,
location, and site condition of bridge plan, but it is generally established conforming to the policy of
the ctient (governmenl department).  If bridge plan is a part of highway project, the scope will be
decided in the coordination with the highway plan.

(1) Evaltuation under fixed bridge length

Bridge planning is started from the Basic matters to decide location _and tength and followed by

foundation and substructures. Normally, the comparison of superstructure types as well as spans is
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highlighted as the main object for .lhe {final selection. In such case, most substructures and
foundations have been alrcady decided by partial evaluations, accordingly the total evaluation will be
played under the fixed bridge length, the differences of substructures and foundations will not be
emphasized, and the cost of approach road construction will not be inciuded in economic comparison.

This is the simplest and most commaon evaluation to decide only bridge type and spans.
(2) Evaluation among differcnt bridge length

: Bridge location is normally determined along the road alignment. However, in the course of bridgé
planning, modification of road alignment is sometimes suggested in the vicinity of the bridge location
for more favorable bridge plan. Evaluation asrives at the common procedure if road alignment is
reviewed rc-g:ir_dlcss of bridge types. However, if road alignment is different in relation to bridge
types, total evaluation will become complex: bridge alternative plans must be compared in different

location and bridge lcngih; and cost of approach road should be included in cconomic comparison,
{3) Scope of economic evaluation

It is ideal for economic evaluation (o estimate the total life cost covering design, construction, right-of-
way acguisition and maintenance costs. However, because design cost is so small against
construction cost and maintenance cost is difficult 1o estimate, economic evaluation is often performed

with enly the initial cost of construction and right-of-way acquisition.



CHAPTER3  ENGINEERING FOR BRIDGE PLANNING

3.1  Principles for Bridge Planning

i

The followings are the common suggestions useful in bridge planning:
{1 Road alignment to minimize bridge cost

In general, bridge cost is much highcr than road c_osi per .l_eﬁgt'h. To minimize total project cost, road
alignment needs the review from the hﬁdgé engineer's view although it is selected normaily
considering traffic strategy, right-of-way avallablhly, obstacles, ground condition, and other many
factors. Attention shail be given to the locahon of bndge and its approach roads. Even after dec:d;ng
road alignment, somelimes bridge design can be much improved by minor changes of the bridge

location and lhe alignment of approach roads.
(2) To meet requircmén:s bf bridge

Bridge shall be plannéd io meet the requirements expected to the planned bridge such as of width,

- length, height, and loading cépacit_y. In particular, the requirernents of crosSing waterway, highway,

and railway shall be carefully de_lérmine(_i after due consultation with their administration agencies.
(3) Safety and economy of bridge structure

Bridge structure must be plan'ned‘ safc_but él the.'same time it is required to achieve economical design,
construction, and maintenarice, The two concepls of safety and economy scems 1o be conflicting, and
. taking equilibrium belween lhem isa ma}or problem to be solved in bridge planning. Because bridge
is an important pubhc facnll(y, it seems to be a right way that the first priority should be given to safety
and the second to economy.

The criterié for safety of structures is ge'neraliy given 'by design specifications or codes, which is a
necessary condition in bridge design but not a sufficient. To harmonize saféty and economy in bridge
planning, it requires the profound knowledges of an experienced engineer. However, the drawing or
~ the completed bridge given due such conSIderauon w1l| convince the people’s eye that the structure is

functional, and safe, too.
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{4) Rasier and faster constructlion

When there are more than two prospective alicrnative plans and they are of alike cost, it is then

recommended to study their construction methods and select casier one.

In case that a new lcchnique' is pioposcd, it is recommend to respoﬁd such challenge as much as
possible after carelul study for its reliability for the good of the progress of technology.

(5) Standardization of stnuctures

Bridge pIannmg is m principle pcrformcd individually to select the most sunable design according to
each site condition. Howcva when a number of bridgcs <1rmlar in size and type ave planned, such as
for a series of over-bridges along a hlghway, the sta_ndard:zalwn of structures will often save cost and
time both in design and construction. For‘insiancc in case that the spans of the overbridges fluctuate a
little, it is more economical and practical to apply a standard beam of same size and span to all bridge

sites despue accompanymg somcwhal conslrucuon losses,
{6) Traffic safety and comfort

The lraff ic safety and comfort on bndges depend not only on lhe road geomelncs and alignment but
also on the existence of structures on the bridge surface. In view of iha! the follomng measures are

recommended:

i. Adopt .deck' lype bridge rather lhan through lype except the éases that the under-bridge
clearance is limited, Howev er, through type is more economical than deck type for longer span
range.

ii. Prefer continuous beam bridge to simple beam to reduce expansion joints which may cause the

vebicte running shock and become to be a big maintenance burden.
(7) BEasier maintenance -

The maintenance troubles of bridges are fl requent on the secondary members such as expansion joinis
and bearing shoes rather than on the pnmary members. Therefore, continuous beam bridge, because it
has less such (roubles is more favorable for maintenance. In pamcular the reduction and the easy
mamtemncc of expansion jomls should have been considered from the planning stage. Repair or

n,p!acenkm work of expansion joints on bridges will become a major cause of traffic interference.
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(8) Aecsthetic consideration

Bridges must serve for the public to carry (raffic éafn;ly, and they have to be comtfucled and
maintained with reasonable cost. That is the prlmary funclion of bndg»s and can be designed by
applying physical science. On the other hand, bridges exist long time on ground exposmg to the pubhc
eye, 50 that bridges cannot help havmg the ornamenlal funcuon as well, The bridge design successful
in pleasing the people's eye, is not mccssquly obtained only by the use of physical techniques.

‘Because bridge design is a process of human creation, it is natural to seck beauty in the view of
_bridges.

3.2  Field Surveys

3.2.1 Topographic Survey

(1) Survey 'melhod‘

Topographic ‘sun.'ey is carried out to prepare topographic map which is necessary as the base map for
bridge planning. The survey method is generally to use plane-table surveying or aerial

photogrammetry. The area of 10p6graphic map for bridge plan'ni'ng is regional and the scale is

- comparatively [argo so' the plané table surveying is normally used. If the existing photographic map

covering the proposed bndge site is avallable it may be utilized by magmfylng the scale but that necds
the complemenlary and corrcclmn surveys b)' plane-fable surveying.

{2) Scale

The scale of topogréphic map 'su'i!able‘ for bridge planning ranges 1/100 to 1/500. The scales 1/200,

1/300 or 1/400 are generally used.

(3) Contour

* In principle, topographies have to be indicated by éonloﬁrs, the interval of im is preferable. The

planimetric map having no contours is sometimes used although it is unfavorable, but at least point

contours should be shown to find elevations.
{4) Road center line

Road center ling, if it is available at site, should be sun"ejred and shown on the topographic map. It is
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useful 1o find the hlmined bridge location on the map and can be used as a datum line in planning work.

(5) Profiles

Longitudinal and lateral profiles are preferably prepared by the leveling surveying along the road
center line.  Alternatively, profile can be also prepared from the contours of the topographic map and

that may be usable considering less accuracy.
3.2.2 Geological Survey
(0 Survéy method

The geologlcal survey for bridge planmng is pcrfonned pumng c.lress on obtammg the general subsail
ml‘ormatwn of bndgc wc rather than detailed soil tests. The suney is normally camed out from data
collection and field reconmaissance, and follow ed by bonng, test-pit diggmg, or geophysical

cxploration if considered necessary.
(2) Data collection

This is pcrfbnmd at early étage of lhé sury_’e* to _coliect the existing geol_ogicai data around the site.
Major data équrces are the geological map issued by the National Geology Office and the previous
voring or geophysical data of the .vicinily. ~If such existing data |s available, the general geological
condilion of site can be often supposed from those data and so special' field survey may not be required.

Thus, the execution of field survey depends on the data collection.

In addition, the existing bridges and buildings will be another useful data source by studying lhe;r
foundations about type, size, dep:h and whether setilement and tift are seen or not.

(3) Field reconnaissance

This is a visual survey to judgc- the subsoil conditions from lhc outcrops of rocks and strata.  The

survey is carried out by walking aiong lhe emslmg toads and rivers in the survey area while observing

the outcrops to make a field reconnmssance map

Landstide traces, obstacles, terrain and ground condition which seem to be troubles for construction,

will be also surveyed in this occasion.



(4) Soil boring
- i. General

Boring survey is the most popular soil investigation method to obtain the underground
stratification and the engineering characteristics of strata. The method bores a hole into ground
by boring machine, collects samples and carries out in-situ tesls through the hole. Soil boring

 genenally performs the following surveys:

" - Discrimination of stsatification
- Observation of cored soils
- Sampling and laboratory soil test
- Water levVel in bore
- In-situ test in bore:_' standard penetration test, vane shear test, lateral loading test, pore

water pressure test, geophysical exploration, elc.
Survey results should be carefully éompiléd_ by using the prescribed forms such as boring log
~ and soil test data sheets, because these boring data wil} be the basis and repeatedly referred for
designing and construction.
ii. Application of Standard Penetration Test
The result of standard penetration test “N-value” is the most important information widely used
for the _design' of foundations. Many design factors as shown in Table 1.2 can be estimated

from N-value.

Table 1.2 Design Factors Estimated from Standard Penetration Tes!

Sandy Soil - {layey Soil Construction

-Relative density - | -Consistency .| -Judgment on possibility of
-Internal frictional angle | -Uniaxial compression pHing penctration
-Coefficient of bearing .strength (undrained) -Judgment on effect of soil
capacity ' : o improvement
Void ratio - N -Study ofcx?avalion method
-Bearing capacity of soil . -Judgment on land slide
-Coefficient of ground reaction
-Bearing capacily of piles

The Meyerhof's suggested relations of N-value to relative density and internal frictional angle is
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given in Table 1.3 and the Terzaghi-Peck's of N-value to consistency and uniaxial compression
strength in Table 1.4, '

Table 1.3 Mcycrhol‘é Relation of N-Dr- ¢ for Sandy Sail

N-value Density of  Relative  Internal Frictional  Static Cone Penetration

Sand Density  Angle Test Value
N - ' - Dr ¢ (degree) qe(kg.flom?)
<4 very loose -~ <0.2 <30 _ <20
4~10 ~ loose - 02~04 30~35 20~ 40
10~30 ' medium 04-~0.6 35~ 40 | 40~ 120 |
- 30~50 dense 06~08 ~  40-~45 120 ~ 200

> 30 very dense >08 - . : >45 > 200

~ Table 1.4 Tériaghi-[’eck‘s Relation of N-Consistency-qu for Clayey Soit |

N-value Consistency of Clay Uniaxial Compression Strength

N ' qu (kg.flcm'z)
<2 very soft - - <025 =
2~4 . soft . 0.25~0.50
4~8 _ medium 0.50~1.00
8~15 stiff - LO0~2.00
15~ 30 . very stiff o - 2.60~4.00
>30 very hard _ ' >4.00

For selecting the bearing stratum for bridgé foundation according to N-value ) a!though‘there.
are many exceptions to design and.s_ile condition, the following values are generally suggested
asa slandafd: ' |

Sandy Soil: N> 40

Clayey Soil: N> 30

3.2.3 Hydrological Survey

Hydrological survey is vital 1o planning the bridges which cross rivers and channels. From bridge

site, the following information should be collected and analyzed:
{I) Condition of river course
Condition of river course is a decisive factor to determine the crossing location and direction, the

bridge length, and the protection against erosion and scouring. Major survey and analysis items

include the followings:



i.  Meandering reach, curved _rc'ach. or slraighi reach

it. Historical change of meandering and bank erosion

iit. Patlern, size, and movement of sand bars

iv. Change of 'longiludinal river bed elevalions such as aggr‘adalio»n or dcgradatioﬁ of sediment
v." Area of floed plain and width of main stream duﬁng flood

(2) Condition of major fleods

Itis importahl for bridge planning not o worsen thé c.apacity‘of waterway for flood ﬂmﬁing b)} bfidgc
construction. Flood discharge should be passed smoothly and safely at bridge. To determine the design
discharge of flood and the required opening of bridge, it is necessary 10 survey and analyze the past
ﬁiajorl flood records on the following points_:

i. Flood water level, area, and duration at bridge
ii. Flood discharge and velocity of current
fii. Debris, sediment, and floating fogs

(3) Design discﬁarge

JKR has the guideline for the Bydrélbgica! design for the bridges crassing rivers and channels, in

which the {ollowing return periods for the estimation of design discharge are specified:

i. ~ For bridges to cross rivers and drainage channels: §00 years

it.  Por sewerage culveri: 50 ycars
(4) Meteo-hydrological condition
Meteo-hydrological condition of bridge site and river basin is alse a necessary factor for determining
design discharge, high waler level, design wind velocity, construction method and schedule. Major
itcins of this survey are as follows; |

i.  Seasonal variation of temperature, relative humidity, and wind velocity

ii.  Seasonal variation of rainfall

ill.  Seasonal variation of water level and discharge

{5) River improvement plans

Any river improvement plan, whether il is on-going or a future plan, should be investigated and
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entirely taken into account for bridge planning so that the bridge construction should not become any
obstruction to the river improvement plan.

3.3  Crossing Conditions

3.3.1 General

Bridges are constructed to cross existing land space, most are public spaces such as rivers, roads,
railways, etc. and where the bndge structures must exist long time after being constructed. Therefore,

bridge ptan is reqmred to have due consultations with the competem authorities of such space for
approval

The crossing condition required in bridge planning is different depending on planning location and
purpose, and governed by various regulations relevant to land use. The following regulations may be _'

concered:

LandUse ' ' Concemning Regulation

- River and flood conirol reservation River and Flood Control Act

- Roads z}hd Railways , _'Right of- Way Act

- Environment conservation _. Natural anronmem Protecilon Act
- Nalional bark ' : Park Law

- Historical preservation Natiopal Hislerical Preservation Act

In addition to the above, urban and local developmeat plans are also involved in bridge planning,

although these conditions should have been consulted in the road planning stage.

This ch'apter cxplams the g-*neral crmsmg conditions for mer road and rallway, because most
bridges are planned to cross them.

3.3.2 Waterway Crossing
The figures and equations suggcslcd_in this section are based on the Manual for River Works in Japan.

Fig. 1.7 shaws the general concept of river cross-section and bridge fayout.
{1) Location and dirctlion of crossing
t. Cross river at its straight reach.

In numbers of rivers in Chile, bank erosion has occurred more at the curved reaches than the
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- straight. Although small meandering occurs even in slraigh't reaches by the movement of sand
~ bars, it is far beiter to selcct bridge site at the straight reach compared to the curved, Further, it
is important to investigate the historical change of river course and bridge site should be

selected at where the change of river course is small,
- il.  Cross river in perpendicular to its flow.

The bridges crossing rivers with skew direction often cause crosions and scours al around
~ bridges. Skew bridge will produce asymmetric turbulence in river flow and that makes the bank

protection against erosion very difficult.

Therefore, the crossing at straight reach with right angle is the most rcéommcud.able. itis
unavoidable to cross river at curved reach or with skew direction, protection shall be provided

not only at around abutments but. aiso to the adjacent river banks with sufﬁcient length.
(2) Waterway width and freeboard
i.  Lay abutments outside of waterway.
If bridge bpening' is shorter than the waterway width, flow will be conslricted at the bridge, and
that causes backwater effect on upstream. This phenomenon will endanger the bridge by
incurting severe erosion and scouring.  Therefore, il is necessary to design the bridge opening

wider than the waterway width,

- Although it varies depending on water depth, the design discharge and the required waterway

width have a general relation as follows:

Design Discharge (m3/s) | Waterway Width (m)
- 300 40 ~ 60
500 60 ~ 80
1,000 90 ~ 120
2,000 o 160-220
5,000 350~ 450

ii. Minimum freeboard on high water level (HWL)

The frecboard between HWL and the lop of dike for the rivers having compound cross-sections,

shall be not less than the following values:
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Design Discharge (m3/s) Frechoard (m)
less than 500 - 0.5
500 ~ 2000 1.0
over 2000 1.5

For the rivers having single cross sections, the freeboard is recommended to take at least 0.6 m.

The clearance between HWL and the soffit of bridge beam shall be decided by addmg the‘ ‘
allowance of 0.5m to the abow—memwned frecboards. Sce hg 1.8.

(3) Minimum span length

i. Spaﬁ tength has a direct rel’ation to tﬁépoSsibility of clogging the bridge opening with floating
logs or debm For this phenomenon, minimum span tength is defined by the followmg

hydrolog:cal span length in relation to design. discharge

. L=20+ O‘OOSQ ' wherc, L= Hydm!ogicalr span fength {(m) measured in
perpendicular to flow
- Q =Design discharge (m3s)

it.  However, if there is far less possibility of ﬂoa_ting logs and debris so that clogging rarely

occurs, the minimum span length can be reduced to the following values:

Q<500m3fsandW<30‘m - |L=125m
Q<500 m¥Ysand W30 m L=15m
500 < Q =< 2000m3/s L=20m

where, W = waterway width (i}
iii.  Pier location close to bank

Pier should not be Lud on the stope of bank nor at the foot of bank slope. It is recommended for
the piers planned close by bank to take at lcast the fo!lowmg distance from the toc of bank slopc'.‘

Design Diéthargc(m3ls) | Distance (m)
less than 500 5
over 500 10
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iv.

For where it is difficult to fake the above distance, sufficient bank protection showld be

provided on the foot of bank stope and around the pier agéinsl possible local scouring.

Impediment rate of pier width to walerway

The existence of piers in waterway is the biggest impediment to water flow imposed by bridge
construction. The smaller pier width is, the better water flows. There is a guidetine to control

the total pier widths in a waterway by the impediment rate to the watcrway width:

Desirable  lessthan 3 %

‘Maximum _ _ 5 %

The pier width shall be measured in perpendicu'la.r to flow direction at high water lcvél, and the
waterway width shall be the width of high water level.

{4) Abutment design

Invert-T lypé abutment

Theré are many cxamples in Chile thal bank seat type and pile bent type abutments are

damaged by local scouring. Many protectioﬁs 'providcd in front of such abulment are washed

: away by flood and piles are exposed.

Therefore, it is recommended o adopt the invert-T type abutment instead of bank seat and pile
bent types. |

Embedding depth of footing

Footing shall be embedded into ri\'ér B{'d. ‘Wherc the scouring risk is high, it shall be
~ deepened below the anticipated scour depth.  (Fig. 1.8)

Paraliel to flow

Abutments shall be latd in paraliel to flow.



(5} Picrdesign
i.  Oval or round shape for pier column

The existence of piers in waterway unavoidably brings about tusbulence in flows and which is a
major cause of the local scouring around piers. To lighten this effect of pices, it is recommended
for the cross-scctional shape of the pier columns to be oval or round which disturbs water flow
much less compared to rectangle. [t is also recommended that a pier have only a single
column, but do not have double or multiple columns which cather induce severer turbulence in

closely standing columns.

Where flow is not stable or curved, round shape is more adaptable to the change of flow than

oval.
ii.  Imbedding depth of footing

Footing shal! be embedded into river bed decper than the anticipated scour depth. A guideline
of the canbedding depth of footing is given as follows (Fig. 1.8):

Location of Pier Embedding Depth
(D Low water channel and the part of high More than 2m below the river bed
water channel within 20m from the top of of low water channel
the slope of low water channel:
& High water channel beyond 20m from the More than 1m below the river bed
top of the slope of low water channel: of high water channel




High Water Channel Low Watee Channct Ihigh Water Channeb

Wotcrway Width

]
beveb(HWEY  JEJ

Fig.1.7 General River (Compound) Cross-section and Bridge Layout

High Watee Channel Low Water Chaenc]

|

I 1figh Water Level (HIWL)

20,00 m

Embedding Depth > 1.000 m ___Embedding Depth > 2.00 m

Fig.1.8 Freeboard and Embedding Depth



{6) Bank protection

Bank protection is rcqufred o protect the slope of bank from the erosion which mmay be caused by the

turbulent water flow induced by the construction of picrs.

i. Covering area

Bank protection shall be provided both on high water bank and low water bank, from the top to
the toe of bank slope, for the extent of_ 10m up - and down - stream from the side of bfidgc
including the underneath of bridge. |

For skew bridges, additional cavering area is required as shown in Fig. 1.9 to cope with
asymmetric flow turbulence.

Embedding depth

Bank pr’otecliori shall be embedded into river bed not less than 0.5 ~ 1.0m for small rivers and
1.0m for large rivers. Where scouring risk is high, it shall be deepened below the anticipated
scour depth. ' '

Foot protection

The toe of bank protection shall be protreclcd against scouring with gabioﬁ packs or stones.
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(D Néw bridge near ﬂxislihg .

.thr_e_ a new bridge is constructed near to an existing one, the effect of one structure on flows striking
the other should be considered. To minimize this effect, the .location of two bridges should be
cémpatihl_e in flows. In principle, the piers. of a new bridge should be aligned with those of an existing
bridge along flow lines. '

Fig. 1.10 ‘shou'.'s‘a guideline how to determine pier locations and spans of a new bridge planned to be -

parallel with an existing bridge, according to the distance between two bridges.

idth or 200 m

Wi
%n}engm
D
|

i

© Existing bridge

]

. New bridge -
- in close proximity

‘--_.._ . T o nint R ) ‘ :
ﬂ ; , " New bridge

in middle distance

D <22.5m)

=

Within hydrological sp

(22.5m<D<120m)|

(D2120m)

New bridge
in far distance

Waterway width or 200 m, whichever is less
Hygrological span length ~ Waterway

|
!
|
4

Fig. 1.10 New Bridge near Existing

In the figure, the following river conditions arc assumed:
Design discharge Q=500 m3/s

Waterway width W=120m
Hydrological span length L =20 +0.005x 500 =22.5m
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i.  For close bridges within hydrological span length;

*  New bridge piers to be located exactly on the atignments extended in paralicl with the flow
lines from the corresponding existing bridge piers.

'..ln addition, the new bridge span shall not be less than the hydrological span Iength.

Accdrding to the above provisions, in the figure, the new bridge span in for the close bridge has no
choice but to become 40 m doubling the existing bridge span, because the existing span of 20 m is

more than the hydrotogical span fength of 22.5 m.

ii. For m_iddlé distance b'ridges of more than the hydrological span length and up to waterway width

or 200 my whichever is less;

New b_ridge piers shall be localed exactly on the alignments extended péraﬁel to the flow lines
from the Eorfesponding existing bridge piers, ‘or on the middle poini of such alignments. The
picr location on middle point is allowed on condition that the lateral space of middle point
shown as L/2 in the figure is not less than the hydrological span length.

In addition, the new bridge span shall not be less than the hydrﬁ!ogical span length.

‘The location of new bridge piers in the middle distance shown in the figure will not be acceptable,
where 1/2 (20 m/2 = 10 m) is less than the hydrological span length of 22.5 m due to the first

provision mentioned above. In this case, a 40.0 m span is required the same as the close case.
iii. For the far distant case of over waterway width or 200 i whichever is nearer;
The location of new bridge piers will not be conditioned by the location of existing bridge
piers. ' ‘
Howe.ver; new bridge spans shall not be less than the hydrological span length.
The location of new bridge piers in far distance shown in the figure can be selected free from the

~ location of existing bridge piers, but the span of 24 m is not less than the hydrological span length
of 225 m. ‘ '
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3.3.3 Roadway Crossing
(1) Information of cross_ing road

AS previously mentioned in Ttem(5)-Grade separation of Chapter 2.3.3, the following informatim} of

the crossing road is required for bridge planning:
i.  Aboul existing road:

- class and grade
- cross-sectional broﬁte
- right-of-way

- clearance fimit

- longitudinal profile
ii. About future plan

- designated, or not designated to the roads of city planning
- sidewalk plan, or not ' '

- overlay and widening plan, or not
iii. About public utilities
(2) Consultation items

The following items are to be consulted with the competent authdrity of the crossing road:

i.  Bridge length and spéns

ii. Location of abutments and piers
iii. Rmb'edding'deplh of foundations
iv.  Under-bridge clearance

v.  Diversion road

vi. Construction method (includes proiéclion of existing road and (_ral' fic)

{3) Clearance limit

In Chile and also in Jépan, a clearance heighl of 5.0m above the existing road surface under the soffit

of the planned bridge beam seems to be recommended from the following reasons.



Reason 1:  The road geometric design act specifies the clearance (o be 4.70m. In addition this, an

allowance of .3m is considered for future overlay.

Reason2:  The fegal vehicle size is 3.80m. On the other hand, bridges need a space of minimum

1.0m under bridge beam for repainting work as well as a margin of 0.2m.

{4) Location of abutments and piers

General

Abulmcnls and piers are prohibited inside of roadway. [t is favorable for the traffic of the
crossing road to have sufficient lateral margins between roadway and abutment, and not to have

a pler on medlan strlp

Howe\er the fol!owmg cases are technically and ccononucal!y very dlfﬁcult to avoid a pier on

median strip:

- Crossmg road is very wide havmg six lanes or over.

- Bridge is skewed to crossing road with over about 50 degrees even if it has only four lanes
or less. ‘

- Crossing road is separated into up and down lanes.

- Frontage road and/or waterway run in parallel to crossing road.

When a pier is designed on median strip, it is recommended to consider collision load of

vehicles for the design of pier,
Lateral margfn
Ifa pief is pui in median strip, the median needs to be widened at feast for the pier width so as

to maintain the original lateral space.  Even in case that median cannot be widened sufficient,

a minimum lateral margin of 0.5m is requ:ru:l between the pier and the clearance limit of the

' crossmg road as shown in Fig. 1.13%. Guardrail or autoguard Wl" be installed in the lateral

margin.

Footing of pier, as shown also in Fig. 1.11, shall be preferably not extended beyond the median
width (o avoid uneven settlernent on roadway, and embedded more than 1.0m to secure the

space for underground public utilities,



iti.  Special latcral margin for expressway

The crossing with expressway, where vehicles can run in high speed, needs greater lateral
margin for abutments and piers not to be visual oppression against drivers. It is
recommended to take minimum 3.0m for massive structure fike abutment and thick pier and
1.5m for stender structure like thin pier (pier width is less than about 1.0m).

3.3.4 Railway C_rtiss_ing
N lnforhlaii(').n. of'crossing railway
Like the road crossing, the following information of the crossing railway is required beforehand:
i.  Aboul existing raitway:
- class and grade
- rail-gauge and cross-sectional profile
- right-of-way '

- clearance limit

- electrificd or not

ii. About future plan

- electrification plan, or not
- double-tracking plan, or not

- elevating plan, or not

(2) Consuliation items

The following items are ta be consulted with the comﬁetenl authority of the crossing railway:



i.  Bridge structural type

ii.  Bridge length and spans

iii. Embedding depth of foundation

iv. Location of abutmeqts and piers

v, 'Undcr-bridge clearance _ L

vi. Construction method (includes feloca’;ion and pro'tecli'on of existihg railwéy facilities)
vii. Consigninent construction, or delegation of supervisbrs

viii. Instatlation of guard fence
) Clea;ance fimit
The clearance limit of railway is différcnt depending on the type and kind of railways. The railway
of Chile_ h_as been developed based on the European gauge and is now in progress of electrification.

Fig. 1.12 shows the clearance of the Chile National Railway.

However, in recent years new commuter railway systemn is going to be construcied in urban area.  To

cross with such new system, clearance limit should be confirmed by individual consultation.
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Fig. 1.11  Clearance for Road Crossing

(Note: Clearance shall be checked to meet the current MOP practice.}

L

Lateral Margin’

| 4+—

' . . N
Rail Level g )_I

4 .

~ : o ™~

7.50 m

Fig. 1.12  Clearance for Railway Crossing

(Note: Clearance shall be checked to meet the cumrent Chile National Railway practice.)

1-40



3.4 . Bridge Structure Type
3.4.[ General

'Thcre are many factoss to be considered in the sclection of a structure type. One of the most impmiaht
is the section of the country in which the bridge will be built. For various reasons there scem o be
preferred bridge types in cenain sections of the country. Proximity to the steel mill§ and the cost of
freight may well control the choice between a concrete or a stec] bridge. The cxpcr:cnu of the tocal
contractors is a big factor, and offermg a structure (ype which is strange to thein can only resull in -
highet prices. It the area is remote, ev ery effort should be made to minimize the ncceWiry hbor on the

jOb so that a large number of men will not have to be 1mporled at a very high cost,

1t should be obvious that most of the discussion of this chapter is concerned with moden"alc-sizcd
bridges. When a truly l'arge structure is to be built, there are ma{ny other influences which come into
play and its design becomes a very special exercise. The fruly monumental bridge will dominate its

environment. It will cost a great deal of money and take a great deal of time to design and build.
3.4.2 Superstructure
(1) Concrete S!rﬁclufe

Concrete is a \jcf)' versatile material and lends itself well to compticated configurations. It can be
formed into Srﬁdolh sweeping cu"rves o\r. the intricaite details of statwary. It may be precast and
prestressed (decreasing the weight) and made into large beams \vﬁiqh‘ may be set across Iong gaps
without falsework St;ppoﬂé. Or it méy be cast in place and posl-tcnsioncd. Concrete is very heavy
~and its use ensures a high déad‘ loaﬂ fa_étor. Whénl'poﬁréd in place; it requires forms and falsework
which are often inconvenient to traffic. The size and weight of beams which mllay be lrdnﬁp'oncd on
the highways is limited. This curtails plant production and often forces the use of forms and falsework

which may be undesirable.

Concrete (prestressed) bridge types and their normal span range are given in Table 1.5.
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(2) Steel steuctire _

In the late 19605, the fabrication of structural steel u:1der$i'enl some very greatl change. Welding took
over and almost completely displaced the long-serving rivet.  Welding has miany quickly recognized
advantages in saving weight, labor, and simptifying details - resulting in much more economical steel

structures.

With the rise in use of welding, there has also been an increase in the ase of high-strength bolis,
usually for field splices. Bolted joints are often used to connect welded members.  This is to

- simplify the field work and make the erection quicker and easier,

' Wefding has made the hybrid girder possible.  This isa girdér which combines a number of different
strengths of steel to match the stress levels in a member,  This can result in very trim, clean-looking

girders without the changes of flange thickness throughout the span leﬁglh.

Steel bridges which need_td be painted to prevent corrosion are natural subjects for the use of varied
. colors. Bridge éo!or should conforni to the geheralk desire for compaltibility. The color or colors
selected should hannonize well with the surroundings.  Soft greens, (ans, and browns are natural
_eanh' colors and fit well. Where ﬂ_u_a structure is to be minimized, gray colors against the sky and dark

colors against deep shadows serve to swallow a structure.

Steel bridge types and their normal span rangé are given in Table 1.6,
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3.4.3 Substructure

(.I) Abutments

Abutments, mostly made of concrete, are localcd at both cnds of a bridge not oniy to support

superstructure but '1t<o to withstand the earih prcssurc from the back. [In general, stability of
abutment is scwred by the combination of own welgh( and backﬁll on rear footing.  As abutment
become high wall lhtckness will be reduced to save concn.lc volume in compensation for reinforcing

with steet bars
(2) Piers |

Picrs, moslly made of concrete, are located mlermed:ateiy between both abutments to support
superstructures. Piers rarcly receive maldistributed carth pressure. Type and shape of piers are

selected according to the conditions of bridge site in particular of the crossing conditions.
3.4.4 Foundation
(1) General

Foundation is a structure made of concrete, steel or timber, and built into ground as a part of
substructure to transmit loads from superstructure to ground. In broad imeaning, surrounding ground
(bearingétrétum) is regarded as a part of foundation. Foundation is classified by construction meihod

and depth as shown in Table 1.7.
{2) Spread foundation

Spread foundation is generally constructed with shallow and comparatively wide concrete footings

which are supported directly on ground.
Spread footing is generally used where the bridge site meets the following ground conditions:

| i.  Supporiing ground lies shallow within about $m from ground surface.
| ii.  Bearing strength of the supporting ground is appraised more than 30 of N-value by standard
penetration test in case of sandy soi! and more than 20 for clay.
iil. Such supporting ground develops in a depth more than 1.5 times the designed footing width
(sherter side) under the bottom of fooling. '



iv. When ground water level is high, draining and cutting off measurers arc available.

v.  For foundations in waterway, there is less passibility of scouring, or countermeasures against

scouring are available.
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@) Pile foundation

i.

General

Where spread foofing cannot be found on rock, or on dense granutar or stiff cohesive soils
within a reasonable depth, pile foundation is the most often used. For locations where the

scouring risk is high or unacceptable seltlement is anticipated by the use of spread footings

~ although soil condition would permit the use, pile foundation may also be used as a

. countermeasure.

ii. Pile Iy{scs by supponing manner

: Pile foundation is claqsaﬁed as end-bearmg, frlClIOI‘I or a combmauon of both according to the' '

Ioad lransfcrrmg manner. End- bearmg pile’ de rives major portion of support capacny from the
nsus!ance of beanng slratum Friction pllc derives major pomon of support capacity from the
friction resmtance along the side of the embedded pile. The bearing capacity of combination
end- bearmg and friction pile is derived as the sum of {hc resistance from thx, pile 1|p and from
the friction of cmbgddcd shaft. '

It is recommended to use end-bearing piles as much as possible. Tn case that the use of friction
' pile is unavoidable because bearing stratum exists deep for instance more than 60m below, the

- long-term consolidation settlement of the pile group should be considered in désignf. In this

regard, friction piles are not recommended for the statically undetermined structures like
continuous beam and rigid frame bridges because such structures are easily alfected by uneven

support settiements.

iii. Pile types by material and construction method

Pile foundallon is also classified by construction method as dn\'en and bore piles.  Driven

piles have various kinds made of timber, precast concrete, or structural steel sections.

Timber piles are limiled in length and rarely used nowadays except small, less important
construciions. ' '

Precast concrete piles, the early type of which was RC (reinforced concrete) square pile cast at
field, are nowadays a factory-made product and the most commonly used for the foundations up
to arourd 30 m in depth. The piles are reinforced with reinforcing bars or prestressing steel,

centrifugally compacted to form circular cross-section, émd so called commonly RC or PC spun



piles. PC spun piles are more used than RC 'pilcs because PC piles arc more durabic ngdinsl
cracks and can be driv en deeper than RC pllcs despite small cost dif: ﬁ:rcncc between them. The
markct siz¢ of PC piles varies 30~80 cmin dmmcter

Steel piles may be pipe, H- or rail-section. Steel pile piles offer higher resistance againsi
'driving iﬁ*npacl and accordingly can be penetrated deépcr than PC pi'les The pile, for l‘hcy are
expenswe are generally used for where PC piles cannot be constructed becausc bearing stratum
is daep of hard inlermediate layers exist. For corrosion of steel, the margm of 0.02 mm/year is

generally considered to steel thickness under normal environment.

S!eel H- oy raul pl|CS are comemenl!y used for lempomr) construction and often pulled out to

re- usz, several times,

Bore piles are constructed by piaciﬁg reinforcing sleél éagé and conerete into pre-drilled holes.
Accordlng to the soil condition and the desired pllc depth, the methnds of drilling and
mamtammg hole are selected. Generaily calher wet or dry drilling, water or slurry, temporary
or permanent metal casing will be used as necessary to produce sound concrete foundation
shafts free of defects. Bore piles are adva_ntageo'us in urban and neighboring conSlrucliqri
owing to their characteristics of 'less' noise and vibration cdmpared to the driven piles, but the
method needs skilled techniques and high quality control for the ‘complexity of construclion
' operat_lon. Bore piles will be studied as an alternative to steel pile piles for planning deep

foundation.
iv. Batter piles

Where the laterai reﬂistance of soil is considered not to be adcquate against horizontal leads, or
-.»hen increased rigidity of the enure structure is required, batter piles are often used to save
piles. However, batter pites are not recommended where scu!emcm of compressible soil and
50 negative skin friction loads are expected, and for bore piles due to their difficulty of
construction except all casing method. _lnstéad, it is recommended to increase the number or

the diameter of piles.
v. Spacing of piles

The following mininuim center-to-center pile spacings are recommended to decide the size of
foundation. ‘



For end-bearing piles @ 2.5 times pile diameter/width.

For friction piles ;3.0 times pile diameter/width preferably, but not less
~ than 2.5 times. '

3.5 Preliminary Cost Estimate and Construction Plan
3.5.1 Preliminary Cost Estimate
(1) General

Cosl estimating is a procedure to break down an object of work into its component parts such as
number of spéms, substructures, or a cubic meter of concrete thereby making each parl more sensitive -

to accurate measurement of quantity and estimate of its cost.

For a government depaﬂmént (MOP), the cost of a bridge project will include the costs of
a'dminislralion, surveys, desigﬁ, right-of-way acquisition, constniction, supervision, and financing. For.
a consulting engineer, the cost will depend on its definition in his conlract with the cliemt. For a
contractor, the cost’ will include the actual cost of construction to which an allowance for

contingencies and profit is added to produce the contractor's bid.

Cosl estimate may be classified by purpose as:
- Preliminary estimate, '
- Comparalive estimate, and

Betailed contractor l'ype estimate.

The preliminary estimate will be perfdrmed at the planning stage to establish the viability of a project
and to earmark funds, The comﬁaraiive estimate serves at the design stage of the project development
and it is used for the engineer's estimate. The detailed or the contractor type estimate is used by

contractors. The more detailed and accurate the estimate, the more costly and time consuming the
estimation process becomes. '

(2) Preliminary cost estimates

These estimates are the first made for a project in the plannihg stage and are used to bracket the
probable cost within a rather wide range. They must be based on limited and only general definition as
to scope and detail. For example, a bridge plan would be compared as to terrain, length, height, width,

soil condition, ctc. with the previous projects having similar characteristics, from which an
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approximation of quantitics and cost could be made. This level of estimation may be prepared for the
accuracy within 20~30 percent of final cost.

However, if additional accuracy is réquired for more detailed cost compariéori of 5llema!i\'e pléllé or
ﬁnancmg plan by the owner, the snmphﬁed unit cost method is recommended The method mvolves
the use of unit prices from prewous projects applled to the quantmc s for a new project by gtoupmg
cost ilems into severa! major items. Here the quantities for the new project arc krown (at teast
. “approximately) and the previous unit costs are taken from a project or pro_;ccts selected because of
 their general similarity of cost-controlling c_ondmons, where a certain degree of accuracy can be
obtained without extensive adjustments or detailed analyses. The unit costs for estimating bridge

project cost are commonly grouped into the following major items:

Cost Ttem - Quantity Measurement Unilt
i Superslmcture "
- Pavement (incfude curbs and rails) . surface arca (m2)
- Expansion joints size and length {m}
- Main beams '
(include erection work and dlaphragms) _ o . ‘
PC precast beam - . type, size; and number of beams from standard
o design (picces)
PC box girder concrete velume per bndge surface area from
L : . previous preject data (m3/m?) :
Steel girder steel weight per bridge surface area fmm
- : B : previous project data (tonfmz)
- - Deck slab ‘ concrete volume (m3)
- Bearing shoes capacity and number of shoes (pieces)

fi.  Substruciure

- Abutments and piers o concrete volume (in3)

- Excavation and temporary cofferdam ~ excavation volume (m>)

- Foundation _ ' : :
Spread footing : be included in abulment/pier concrete volumne.
Piles : _ _‘ type, size, depth, and number of piles (total pile

: _ length : m)
iii. "Approach road -
- Road earth-fills ear(h volume (m3)
- Pavement _ surface area (m )

iv. OIher 'works

- Temporary staging ' surface area (m2)
= Traffic detour-way : : - " length or sur!‘ace area (m or m2)
- Bank protection surface area (m )

The unit costs used in this method are considered to include all direct, indirect, and corporate indirect
costs. With this method, accuracy is expected 10 be within 10~20 percent range.

Significant error may oceur if unusual construction techmques and temporary fac:lmes are involved

and are not prope{ly compensated for in the unit costs apphed This is a reason why the prehmmary
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cost is sometimes far below the contractor's bid cost.
3.5.2 Preliminary Construction Plan
(1) Objectives of planning

The main objectives of construction plan are:

i.  toenvisage how the construction will be carried out, in what order and with what method and

resources; reducing the construction to a number of manageable activities.

ii. to anticipate potennal dlfﬁculucs and mks to overcome them, so thal their effects can be
mlmmmd This is the m‘qor 0bjeclwc of construction plannmg because ¢ivil engmeenng is a

high risk business and the planmng is fraught with uncertainty.
iii. toschedule resources (men, equipment, materials and money) to enable optimum use.
iv. to provide a basis for predicting and controtling time and cost.

(2) Planning process

Planning is the mental activity of working out what has to be done, how, by when, by whom, énd with

what. Planning techniques assist in the analysis of plan organizing information, and in which the plan '

is communicated to others. Taken together these two elements of planning produce the plan a strategy
and tactics for the exccution of the p[OjCC! in lerms of activities, ume quantmes resources, and

perhaps costs, The plan is expresscd as chqm and repons

Planning depends on data, Without reliable data, planning ‘can only process best guesses. | As each

construction project is different, all construction projects are a learning process and this {earning

process enables the plan more accurate as the project progresses. New data can be used 1o refine or

revise the plan.

(3) Planning hicrarchy

Before starting to prepare any plan, it is vital to decide who the plan is for and what level of detail is
required. Table 1.8 lists the people who may require or prepare a construction plan, summarizes what

they will need to know, and gives appropriate time-scales.
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Table 1.8 Plamﬁng Hicrarchy

Plan drawn up Primary

o Scope of . . |Tevel of
N purpose of Scope of plan cope o Time-scate | Unit | o0
For By ‘ : - [programme detail
plan . . .
A project overview from
. lidenlification of nced .
' . |Administra- ibility inc .
Goverament] Project [ stra lhm.ug!1 fCaSlb!‘.ﬂ} slqu, Oul_lmu Entire _
. tive preliminary design, project . Month{ Low
department | director " . . : project
planning detail design, land programme
acquisition, and
g1 L o consiruclion period. - I
8 A project overview from
o project conceplion to
implementation .
. ) . . R Outline - _
Project |Financial  lincluding appointment . Entirc
. ) . project . Month| Low
dircctor [planning of consultant and project .
: - progranune :
contractor, design and
documentation periods,
and construction,
Co. G
| ordination [DESBRREIO, ey e and {roject .
Project | Project . .. |documentation, lelting . Low/
. |of design A broad design and | Week .
manager  |manager contracts, and . ) medium
. and o . details construction
» ‘ . [construction period.
construction ) I P T
All activitics within
: _ construction period in  [Conslru- Construction
., | Contractor | Staff {Tender plan {sufficient detail to ction riod Week | Medium
8 - |enable contractor to programme pe
g o {p{gpar‘e the tender. ‘ e Al _
< | Contractor’s T .
or : Every activity, major
Engineer's | Staff Resmfrcc tems ofp!am_,d‘alcs'ol' Short-term Months Day Mu.inumi
planning key material deliveries  [programme , high
Representa- . :
. and sile movement.
lives . —_—
- Disposiion | o oer. ek Half
Foreman | Stalf  |of ptant and piant, manpower Xy Weeks High
and supervisors programme day _
manpowes
employed.

(4) Project duration

- There are l\_#ro ways (o determine how long the project will take:

i. It is imposed by external considerations of the lime available, and designer or contractor then

has to devise a plan to meet this requirement, or

. Itis built up from a detailed analysis of the work to be done and the resources availablc,rusing

estimates of the time required for each activity.
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The cxamples of externatly imposed considerations are: (1) it is difficull to attempt building piers in
deep waterway in high water season, (2) asphalt paving work will be avoided in rainy season, or (3) *
the client may often have an economic or administrative need for fast construction, or require a project

to be constructed in slages for budgetary reason,

The exm‘nplcs. of detailed analysis of the work and the resources are: (1) the output of a construction
operalibn is determined by the capacity of a key plant or equipment or by the work sequences; this is
mosl cémmon in bridge construction, or (2) it is also common that co_ntr;ictors tend to assess the
combination of resources most likely‘lo complete the work at minimum direct cost; then the duration

of the operation is calculated from the volume of work in this way.
{5) Planning tools

}'our techniques are commonly used in conslruction plannmg bar charl line- of balance linear

programme, and network analysis,
Bar Chart

The bar chart is easy to draw, easy to understand, and best used for straightforward, well-
understood construction work with simple reationships between the activities. Main disadvantages

are that il neither show relationships between activities nor relate activities to location.

Line-of-balance was derived from manufacﬁlring industry, and has beén fouﬁd (o be effective in
planning work that is lruly repellme Line-of- balance has been found to be difficult to use on
projects which require a large number of operauons to construct each identical unit. The problems
arise from the difficulty of showing ail the lnformallon on one chart, especially when using the |

technique to monitor progress. However, it is an excellenl means of relating resources, achvnl}'

durations and the general pace of work.
Lisear programme (or time-chainage chart)

Lincar programming is a'specialized technique for linear work. This is a basic tool of the
construction of a farge canal and it is especially useful in tunnelling. Like ling-of-balance, this is a
simple two-dimensional graphical technique and can show clearly only a limited amount of

information and a limited degree of complexity.



(

Network analysis is a logical and analytical technique. It is most effective when used for
complicated projects, especially (hose with external constraints and complex interrelationships. The
technique is based on drawing the logical relationships between construction operations, and

establishing which operations have the most crucial effect on the project duration. The tcéhniquc is

- known as the cﬁtical path method (CPM), and a version which incorporal'es a slalistical l'n'elhod for

ca!culatmg the probability that a project will be complctcd on a specific date is called the
programme evaluation and review technique (PERT) Network analysis has a good and

comprehcnswe logical basis, lends ilself casily to computer processing, and can be used as an

efff:clive control tool.

It is of fundamental imporiance to note that ihe. level of detail of the plan and the choice of
+ technique are related.  For example, the overall programme for a large and complex project shoutd
be drawn by a network. However, for an simple activity “piling work", obviously network analysis

~ does not work well. Instead line-of-balance programme should be used.

(6) Planning components

Planning tools aim to express the work to be done to a time-scale; some also include resources and

perﬁaps cost. ~ The other majoi factor in construction control is "quality” which is undertaken by

scparate lechmques from the plannmg (ooIs However, qualuy is related to time and cost through the

~skill and judgment of conslrucuon management

‘The major components of planning tec_hhiqueﬂélare:

- activities:  this means a work to be done for example preparing a drawing, materials to be
ordered, piles to be driven, or concrete to be placed.

- activity duration:  the time required for the completion of each aclivity.

- project time-scale: " the time structure of the project; it is usual to give each week or month a

number (this makes calculation easier).

-evenl:  an occurrence al a specific pointin time; for example, the start and end of construction.



- work method:  the plan must be cxpressed in some logical way, indicaling the sequence of
operations, and which activities and events are interrelated; this may be implicit (as with bar

charts) or explicit {in network analysis, where work method is usually called logic).

-resources: generally include men, machines, materials, and money, and even such essentials as

managerial skill.

~ -costs:  what the work has or will cost, often derived directly from the unit costs of the individual

[CSOUTCES,

3.6 Environmental Impact and Aesthetic Consideration
3.6.1 General

The term "environment” is meant to be in(erpreted broadly as the whole complex of physical social,
cultural, economic, and acslheuc factors which affect mdwnduals and communities and ultimately
determine their form, character, rel’monshlp, and survival. The definition "environmental 1mpacl" i

any alteration of environmental conditions or creation of a new sel of environmental conditions,
adverse‘ or beneficial, ca.used or induced by the action or set of éétions under conéideration. The
atlention 'givén 1o e_nvironmcnlal conditions will véry according to the riaiuré, scale, and location of the
proposed aclion or actions. Atlenlion would bé given' to those factors most evidently affected, such as
the effects on the resource base, inctuding Iand water quahty and quantity, air qualnly, public services

and energy supply, as well as other environmentatly critical areas.

Generally, impacts can be categorized as either primary or secondary. This dié!inclioal is important for
consideration of alternatives and ways to minimize adverse impacts in performi.ng impact zinal)'sis._
One way to describe the disli»nclio'n‘ is that project "inpuls” gencrally cause primary impacts and
project "outputs” gencrally cause secondary impacts.  Primary impacis are gene.r_ally easier to analyze
and measure, while secondary 1mpacls are usually more difficult to measure. Secondary impacts may,

in fact, be more significant than primary 1mpac{s
3.6.2 Impacts of Highway and Bridge Project
{1) General

Bridges are a part of highway, accordingly the environmemat impacts of the bridge construction

should be discussed in the environmental problem of the highway construction.



nghway consfruction has nnp'lcls in a numbcr of areas, the most notoworthy of whlch are 'mslhcucs
air quality, circulation and traffic patterns, noise, socmuonomics water quahly, and wnldlnfe
Highway may stimulate or induce other actions (secondary nnpacls), such as more rapu_l lang
development or changed patterns of social and economic activities, Impacts associated with
secondary action inay often be even more substantial than the brimary impacts associated with
construction.  Por example, the effect on population and arca growth associated with the construction

of new highways may be among the more sigaificant irpacts.
(2) Aesthetics impacts

Of génenl concern relative to acsthetics are su'ch inlpacis as- (1) b!ocking viewlines 1long visual

corridors {such as valleys, stream courses and ﬂlreets) @ blockmg viewlines to landmarks in the

community from residential, recreauon and commerc:al areas that benefit from view; (3) bridges or
elevated highway out of scale with adjacent urban development; (4) visual distraction and displeasing
glai‘e visible in recreational and residential areaﬁ-' and (5) unaltraclive contrast beiween existing
vegulauon and revegelated or !andscaped areas, between natural landforms and engineering features,

and between urban or exmmg development pattemns and hlghway features.

(3) Air quality impacts

Air quality impacts include: (1) dust and/or panicul'ate matter on vegetation and structures surrounding
the construction site or along roads: (2) tire and exhaust particles coating roadside vegetation and

structures; (3) increase in severity of existing smog conditions due 1o an increase in automobiles

'tr'avcling through the area;‘a_nd C)] ‘generation of vehicle fumes and odors {such as from cxhaust

emissions, o tire and brake rubber).

{4) Noise impacts

Noise impacts generally involve the area within sound of the traffic such as: (3) disturbance of

“surrounding passive recreational activilies requiring quiet and serene conditions for their enjoyment;

{2} disturbance of educaiional, health care, and cultural activities or institutions pérlicularly sensilive

to noise, such as schools, churches hospitals, sanitariums, audltonums and lhealers (3} disturbance to

operation or patronage of commercial activities rt,qmrmg or bcncﬁlmg from quict surcoundings; and

(4) disturbance to surrounding residential development.
(5) Socioeconomic impacts

Socioeconomic impacts include: (1) removal of residential, commercial, and industrial fand uses and



displacement of both residents and jobs; (2) remaval of structures or sites of scenic, architecturat,
archacological, or historic significance; (3) loss of site having unique potential or suitability for
commercial or industrial activitics; (4) loss of taxable private land revenues; (5) relocation costs to
displaced residents greater than compensation paid; and (6) severance of interpersonal ties of

displaced residents to former neighborhood!commum!y (family ties, elhmc bonds, or neighborhood
fr:etld<h1ps)

(6) Walér quality tmpacts

Water quality impacls involve one or more of the following: (1) tur_bidily' and silting of adjacent
streams and reservoirs caused, for the most part, by the erosion of the raw soils exposed during
construction and maintenance operations (the primary impact of these effects generally involve
increased Op-cralmg costs or shortened life of affected reservoirs and channels; damage or elimination
of fish and other aquatic life; and possuble damage to buildings, roads, and bridge foundations); (2)
watershed modlﬁcatton caused by the smpmgemem of the road system and its constructmn on
estuaries, marshes, \\’oc-ded swamps, and streams — in particular, in estuaries disturbance of natural
flows can affect ecological' determinants such as sedimentation patterns, mixing of fresh and .sall
walers, nutrient flows, shellfish beds, fish and wildlife, and local vegeta!i\{e patterns; (3) highway
runoff contamination caused by ranoff "con'laining oil, fuel, tar, pesticides, fertitizer, deicing salts,
animal and human wasted, and the producls of combuslioﬁ which can éffec! water quality, wildlife,

and roadside vegetation; {4) sanitary wastes from temporary and permancnt waste disposal facilities
(Note: Waste d:sposad is accomphshed through portable toifets dunng construction and permanenl rest
areas after constructlon) in either case, raw or madequalc,]y treated discharges can have an :mpact on
local water systems; and (5) contamination of surface and gmund water supplies and recharge areas byl
polluted fill material, where lhx, use of polluted fill materia! can affect the concentrations of biological,

physical, chemical, and radiological contaminants in water supplies.

(7) Wildlife impaéls ‘

Wildlife inpacts woutd generally i'n‘cludé: (D loss or degradation of unique or highly productive
wildlife, fish or shellfish habitals; (2) division of wildlife ranges and migratory pattermns; (3)
displacement of witdlife to other rarlges; (4) impairing or blocking migration and/or movement of

aquatic biota; and (5) visual disturbance of wildlife on adjoining lands.

{8) Circulation impacts

Circulation impacts include: (1) blocking or impairing access along existing street patterns crossed by

the highway, such as access 10 public and private services of residents and patrons within the service
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arca, reinforeing or creating physical barricrs between social gfoups, congesting through-street traffic
by diverting trafiic from dead-cnd o rerouted streets, and dism'pt'ieig public transit routes; (2) dividing
single land uscs or resource areas such as agricultural operations, receeation arcas witdlife ranges or
habitats; (%) increasing truck and construction equipment traffic on public roads durmg construction:

' {1 provadmg new of improved access (o prw:ously inaccessible or relativ ely |mccc53|b1c pubhc and
private lands (5) providing or improving access to relame!y undcvcloped areas outside urban centers,
thus inducing commercial and industrial operations to locate outside urban centers, and (6) increasing

traffic traveling through the area and thus causing an increased demand for travel related services.
3.6.3 Aesthetic Consideration
(1) General

A bridgé'should never usurp its role as a paﬁ of the highway. Tt should always fook as though it
thoroughly bulonged to the rest of the h:ghway It should be completely compatible with its
: Surroundmg% The brldgc belongs in that lncatlon

Gi\}ing a bridgc a'retiring personalily is not always casy. A designer must subdue any impulse to make
.- his structure stand out as a monument to his design prowess. A bridge which stands out when it should
be rrierely a part of the highway ofien develops into an eyesore. The designer must be careful test he
be carried away by transient public fads.

Designs, which rely for their b’éau!y on good proponioné, clean lincs, and an honest approach to
function, have worn b_euer'wilh time. So will the structure built in the future if they have basic
émellence builit into them: good balance. trin: proportions, clean lines, interesting but not fancy forms.
'The bridge designer should never forget the pro;ected 100—)ear lifc for his structure. If he wants his
critics of eight or ten decades hence to admire his work he had belter make it a basically excellent

design. He must walk the fine line between _umn_teresimg slarkness and overdone decoration,

High filts have blocked the view of many attractive canyons, when tﬁe beauty of many deep canyons
would be enhanced by the slim framework of a 'well-designed bridgé_. Fills and culverts have their
place when they will not destroy natural beauty.  Bul, where there is such beauty, consider a bridge
rather than a culvert and fil}. As a practical m:iuér, the apparent economy 'Qf a culvert at the base of a

huge fill may prove false if debris plugs the culvent and the water backs up. and floods the cdumry

above the road. Such short-sighted economy can generate fawsuils.



(2} Aesthetics of structures

It is important that the bridges be completely compatible with their surroundings. They shoutd look
like they belonged there, As soon as they have had a chance to weather a little, they should look like
théy had always been there a completely natural and acceptable part of the landscape. This often
means thal attention should be given to the characteristics of prominent buildings nearby or other
landmarks with which the bridge must {it. Cqmpalibility is the key.

Beauty in a siruéturé comes from its basic desig‘nr Beauty starts with the first concepts of the structure
and from lhen, proporlmn form, and gencral design must foliow to achieve a pleasing result. Beauty
in this context, coming from well- proporlloncd carefully pianned design, is not expens'\e Even
though the owner may not wish to spend any extra money for aestheltics, the des:gner still may create a
good- Iookmg slructure by his careful handlmg of propomon shape, and light and shadow.

{3) Number of spans

The number of spans is the first impo‘rl.an‘t decision that has crifical aesthetic effects. Unless a

structure is parl of a grade-separation where the span amangement is dictated by the intersecting -
rbﬁdwayé the number of span§ o be used in a bridge is one of the first determinations for the designer
to make. if the struc(un,s is easily visible as a whole, an odd number of spans will be found to be more

pleasing than an even number.
(4) Balance of span and heighl

T he !ength of spans depends upon the lcnglh of lhe bridge and its height above ground. The ground,
the piers, and the bndgc deck cmale a series of generally rectangular shapes If the piers are close
together, these uclanglcs may be hlgher than they are wide and look crowded. The arrangement is
generally better when the rectahgular areas are Ion.ger in a horizontal direction — generally, tﬁe longer
the better. The cost of longer spans is a factor so the designer must balance the aesthetic tastes against
the money avallable to build the bridge.

Structures which are high above the grouﬁd ook thinner and more graceful. It is possible to have a
deep, heavy structure that looks delicate and graceful if it is high enough above the ground. For
structures which cannot be high in the air, every effort must be made to make the superstructure as |
thin as possible or at least to create an iltusion of thinness.  Concrete superstructures can be made
thinner by prcs{reﬂsmg Rounding the comers sloping the outside faces of girders, building a

longitudinal ledge to develop a shadow area on the lower part of the girder — all of these are uscful



~ tools in creating the illusion of a thin superstructure.

It is often difficult to design a thin steel supefstnlclurc ‘economically for a rc;sbnably low short span.

Shallow steel girders become uneconomically heavy. Problems of erection or traffic may override cost

to tiake short steel spans desirable. Some steel box designs produce alractive, thin superstructures for

long spans.

(5) Adtistic techniques

iih.

“An ailractive structure is produced by the hamion'y of all of its elements. The u'se'o!‘ a number

~ of details nhlch are attractive in themselves does not guarantec a ple’mng overall effect. This

is what makes aesthetics an arl tather than a science. The ﬂansl‘aclory end result dcpcnds upon

the taste and innate ablhly of the demgner to Comblne all of 1he details artistically.

There are some details which may he!p the overall eftect. Slopmg the exposcd area of the
front faces of the abutments in toward the roadway will produce a pleasing dynamic effect in
a shdrt structure which seems to launch il across its span.  Tapering the p]CfS so they ate

qmaHe: at the bottor than at the top will Iend to decrease the fwhng of heavy ‘machmenl to

~ the ground and make the structure appear to float. On the other hand, for very tall piers,

lapering from the gfound to a thinner neck high in the air seems to release the superstructure
{rom its solld ties with the ground and this also makes it appear to {loat. Modern hlghways
are avenues of speed and ﬂowmg movement. The bridges should carmy out thai feehng,
emphasizing the horizontal lines and playing down the verticals which tend to interrupt the

flow.

Piers have been r_néde round, square, or reétangular. There are many interesting shapes which
can be developed out of these basic forms which, with some of the tapering elfects, can add

considerable interest,

Attractive designs are not necessarily fancy designs. There is a strong appeal to very simple

plain shapes and forms. As noted earlier, there is also an economic appeal in that they are

- cheaper to build. Contractors are notoriously unaesthetic when they come to build forms or

fabricate shapes which véry’f;dm the straight, square, and simple. Nevertheless, fancy shapes

da cost more money and the designer shmild be constantly seeking the plain, casier-to-build

- solutions.

It cannot be stated too often that the successful and artistic bridge must fit its site, and be

completely compatible with its silrroundings. It is tmperative that the designer be famifiar
with the site and have a feeling for the environment of Iﬁs structure. There have been
examples of designs whfch were totally unsuited for their locations because the desigaer did
not take the trouble to visit the site and sce jﬁsl how and where his structure would fit inte the

fandscape.
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DIVISION Il  BRIDGE ENVIRONMENTAL STUDY
CHAPTER1 GENERAL
1.1 Introduction

Global atiention and concern have recently been focussing increasingly on the polfution and
destruction of the Earlh's environﬁ_lem. the enviconment on which mankind depends for its very

existence, seen.

Many countries formerly felt that environmental protection and devetopment were incompatible and

that to escape from poverty, their most pressing problem, priority had to be given to development,

‘even al the cest of environmental destruction. Today, they address environmental problems, such as

pollution in majer cities and the destruction of tropical forests, very seriously, the need to take account

“of environmental considerations in development projects is understood and determined efforts are

being made to tighten environmental faws and strcﬁgthen agencies charged with protecting the

eiw_ironment.
12 Objectivw of the Manuat Guideline

For the implementation of Road and Bridge' dcvelopmcnt” j)roje;:ts, careful environmental
consideration s_houtd be carried out from the early slagés of project planning with a long-term
perspective in order to accomplish a well-balanced development. As such development project are

implemented based on the decision making process of the cduntry, it is necessairy to conform to the

country’s laws, rules and regulallons related to environmental consideration,

However such rules and regulahons are not properly enforced. The policies and structures for

: enwronmenlai consnderatmn vary. Therefore, when undestaking the environmental consideration, it is

necessary to take into account of the country’s pohclcs and structures and to understand the country’s

awareness of environmental problems, while holding sufficient discussions with the people concerned

~ in flexible manner.

If environmental consideration is not sufficiemlj' undertaken for implemeating a develapment project
and, if careful attention is not paid to the management of the surrounding natural resources, the base of
the developmem fnight be jeopardized and the developmém might be halted. The base of people’s
livelihood or even their subsistence can be also threatened. It is neéessary oy to cnsuré the
sustainable development by harmonizing the development project with natural resources and the base
of the residents in the area. '

The Manual guideline describes screening and scoping procedures at the preparatory Sludy st'age to
deal with the negative impacts of a development project on the environment of the project site and its

surrounding area. The process of environmental consideration in a pro_;cci cycle is shown in Figure
2.1.
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A development project begins with its finding and foﬁnulal'ion. At cach stage of the cycle, a series of
environmental considerations, such as preliminary environmental survey, ‘an Initial Environmental
Examination ([EE), Pretiminary Environmental Impact Assessment (Pre-EIA), ani‘ronmcntal Impact
Assessment (EIA) and the design of environmental protection measures take place. Environmental
monitoring is then conducted wilh project nuplementahon Through this process, sustainable
development can be attained. '

L3 Focus to the Balanced Development

Whatever pr0jecls would be procecdmg, enwronmentally balanccd dcvclopmem is vitally important.
Today tendency that many developmenl projects have bemg worked for the prevention of
environmental degradation, and for environmental improvement, focussing on the five points listed

below. The Manuat guideline will contmue and intensify, these endeavors

(1) Taking account of environmental considerations in its geview of the environmental factors of a

development projecl,l this emphasizes the following:

a)‘Hannony. belween .de.ve'lopn.}em and the environment, in a perspeclive of suslainable
dcvelopmenl ‘

b) Rcsolvmg environmental issues by means of a continuing dialogue wilh the development
agenc:es
and its country concemcd and :

) Consndenngcnwronmcnlal factors at the earliest poa.snblc stage of the process.

(2) Expansion and en.hancemeﬁt of environmental projects

Pnnmpal purpose is enwronmemal tmprmemenl or some of the components of  which contribute to

enwronmemal improvement and w1ll continue lhlS approach
- {3)  Systematic gathering and coordination of environmental information
‘ _{4) Closer links with other agencies

{5) Considerations Institutional arrangements making it possible to give greater emphasis 1o

environmental
i.4 Character of the Manual Guideliné

(1) The goal of environmental cons:derallon is to help countries themselves manage their own

development in an environmentally sound way. This Gmdehne Manual, lherefore cover those
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environmental items, which should bo considered by the development, body at the stages of
project planning and  preparation.  Intending development bodies are advised to utilize the
Guideline Manual fully to cnhancc the quality of their projects.

(63 The Guideling Manual have been prepared to ensure that consideration of environmental factors
items. It will make necessary improvements on and ongoing basis, in the light of experience of

their use, relevant reseacch findings, ctc.
1.5 Criteria to be Employed

For proceed of the environmental consideration study on the road and bridge development project, the
followmg criteria for environmental consideration should be employed to fulfil balanced dcerOpmcm

related with existing environmental componenls
(1} Socio-cconomic environment:

A project shall not be carried out in such a way as will unacceptably adversely affect the existing
human environment. | '

(2) Natural cnviconment (flora and fauna, etc.):

a) Legislation and rules stipulated in international Convcnli:ons, etc. must be sirictly complied -
with. _ .' _ ' '

b} A project shall not bc carried out in such a way that ll Wl" ha\e a cons;derable adverse effect
on the habitat of the principal flora and fauna of the area.

¢) Measures must be 1aken to protect rare and endangered specics of flora and fauna in the area.
(3) Environmental pollution (air pollution, water pollution, noise, vibration, offensive odours, etc.):

a)  The country has rcgulalory environmental s!imdards, such as emission standards; those
standards are to be sirictly observed. |

b) The country has administrative gu:dehnes, such as environmental standards measures adopted
must not militate against the altaining and maintaining of those standards.

¢) The country has no such standards; standards adopted in international organizations are to be
referred. 'I |



CHAPTER 2. INITIAL ENVIRONMENTAL EXAMINATION

2.1 General

The aim of Initial Environmental Examination (IEE) is to examine the overall impact on the

environment of road and bridge development and those of fehabilitaﬁion projects. And the objectives

B of IEE are;

a) To examine and select the best from the pro‘jeél bplio‘ns available:

. b) To identify and incorporate into the project plan appropriate abatement and mitigating measures:

¢} To predict significant residual environmental impact; _ _
d) To determine the significant residual environmental impacts predicted:
¢) 'To identify the benefits of the project reflect to the comminity.

2.1.1 Establishing the Need for the Project as an Important Concept

In planning of Road and 'Bri'dge project, it is important 1o establish c'learly the need for the project. An

‘cxplanation of why the projeét has been prbpdscd indicates the aim of the 'projecl and help's to

maintain direction during planning. A "Need for the Project through project and site description”

also highlights the Socic-economic or other benefits that will accrue from the project
2.2 Project Description and Site Description
2.2.1 Basic Concept

To conduct screcning and scoping of the potential environmental impacts that may be caused by a

development plan or project, it is essential to fully understand the "project  description” and "site
description" at the earlicst stage.

Project dcscripﬁon includes the contents and features of the project, such as its background, objectives,

. location, executing agency, number of beneficiaries, scale, structure, construction method, operation

and maintenance, etc.,

_Site description includes the present conditions of the natural and social environinent and  pollulion in

and around the project area.
In particular, if the project site includes such areas as follow, they should receive special — attention:

a) Areas requiring soit conservation (high-risk arcas of erosion, salinization, et¢.).

b) Arid and semiarid areas subject to desertification.
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<)
d)
e)

g

h)

Natural f(_)rcsts.

Waler sources,

Habitats of vatue for lhc protection and conservation and/or sustainable use of fish and wildlife

n,sourus(\\cnands mangrove, swamps, coral reefs, ete.)

Areas of unique interest (historical, archacological, cultural, aesthetic and scncnnflc)

Areas of concentrations of population or industrial activitics where futther industrial
development or urban expansion could create significant environmental problems.

Arcas of paiticular social interest o specific vulnerable population groups (e.g., nomadic people
ot other people with tfad_ilional life styles).

1t should be borne in mind that the above items must be thoroughly studied in each project step.

222 Project Des-:ripﬁdn and Site Description

The project description and the site description should be clarified in the formats shown in Tables 2.1, -

However, at the project finding and preparatory 'sludy stages, sufficient information for the project
description and site description may not be available. Thus, during the preparatory work prior to the

preparatory siudy in the host country, the formats of Tables 2.1 and 2.2 should be filted in as complete

as possible using all available information. The additional nccessary information should be
supplemented during the field suru,yq



Table 2.1 Inspection format for Projeet description

Project No. and Name: : location: Region: Provinee:
Item ' C Description
Background '
Objectives
Executing Agency Ministry of Public Works (MOP)
Beneficiaries :
Project Componenis : .
Existing bridge structure |Stab{ ), Beam( ), Abutment{ ), Pier{ 3, Foundation( )
Bridgs length, width o llengh( O m, WA m) '
Other specific featutes |carriage way width (  m), Side walk width (_ m)
Project Type - ( - }Replacement, { ) Repair
Road Type ( )Urban/( JRuralurea, {  )Plainarca/(  JMountain area
' ( JPaved/( )Unpaved '
Bxisting (raffic volume . ) Year/monthiday / / Day of the wcc'k(' )
. { ) Carsthour, { )Caré.fday
Road width/lanes " |ExistingWidth=( m)  Nos.lancs=( )
Road structure : { )Ewmbankment/ ( ' JElevated /(  Ynhers: Cutting of original ground
Supplemental facilitics ‘ ' '
Others River nama:




Table 2.2 Inspection format for Site description

Project No. and Name; Location: Region: Provinee:
Item Description
Social environment
Inhabitants: o e Upperstream:  Left bank area:| Right bank area:
Residents, Indigenous people _
Their views on the project, Others ‘ ‘ Downstream:  Left bank arca: [Right bank area:
Landuse and facilisies; ' ' Upperstream:  Left bank area: [Right bank area:
Urban area, Farm tand, Others, Historic & culiural ' 4
site, Scenic spot, Hospitals and other facitities Downstream:  Left bank arca: |Right bank arca:
|Economy: - : i L Upperstream:  Left bank area: [Right bank area:
Commeree, Agriculture, Forestry, Others Downstream:  Left bank arca: |Right bank arca:

Transpori:  Bus terminal, eic.

Natural environment

Topography, (Feature of river bank area) ' - |Upperstreany.  Left bank area: |Right bank ar¢a:
Steep s]opés. Soft ground, Wetland ' Downstream:  Left bank arca: |Right bank area:
Geology, (Featore of river bank/bed): Outerop, stone,  |Left bank area: o Right bank area:

Gravel, sand/ Fault, Soil 1ype, elc.

Hydrology. { Feature of rii‘_cr f]lcw. Water level, flood level )

Fauna & Flora/ habitats, Rare species fcommunity, ete., -

Favironmental Pollution -

Complaints: Population of the upmost concern

Measures taken: Institutional measurcs, Compensation

Others

2.3 Environmental Components

Road and Bridge project mostly same as other related infrastructure projecis has basically various
environmental components to be _contaicled through the beginning of implementation stage to operation

maintenance stage. These ¢nvironmental components may classify 3 categories of Socio-economic,
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Natural and Pollution. The list of eavironmental components for the Road and Bridge project can be
~ identified as follows. ' '

(1) Socio-economic Envimhméntal Components

(a) Inhabitants _
Residents, Indigenous people

tand Acquisition, Relocation and Resetilement

- (byLanduse and Facilities
Ur_Ban area; Farm land, others
_Historic'a'nd Cultural site
Scenic spot -

Hospital, School, Church and other Public Facilities

{c) Economy _ —_— |
Commerce, Industry, Agriculture, Forestry, Fishery

(d) Transpbrt

" Railway, Railway station, Bus terminal, others
(2) Natural Environmental Components

(a) Topography
Features ofTopographic Land Form
Features of River and Bank Area
Slope.Gradi.em
Gfound Surface Feature
Wetland, Swamp, others

(b) Geology
. Geological Features of Land, Fault
Features of River Bank and Bed . L
Ground Susface of Ouicrop, Stone, Gravel, Sand
Soil Type, others '

(c) Hydrology

¥eatures of Surface Water, River, Swamp,.Lagoon and Lake
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- Water Flow, Water Level, and Flood Lcwl DlSCh’il’gC Patten

I'calun,s of Groundwalcr
{3) Environmental Poliution

(a) Complaints: Population of the upkmo's! concem
Air Quality a
Water quality
Noise and Vibration
Odour

24 Project Activities for Road and Bridge Project

Project activitics related on the Road and Bridgc con'ﬁ(ruction and rellabilitaiidn project has 'vérious
items to be fulfilled. To begin with Pre- -construction stage, and lhrough construction stage (o
operation maintenance snge there are various activilies may arise. These activitics are always
interacting with those of Environmental Componcnts The items of project actwmes regardmg to ecach

implcmentation stages can be identified as follows.
(1) Pre-construction Stage

Access roads

River and Strearn Crossing

Route and Site Surveying

Boring Test

Site Clearing and Buming
Earthworks and Drainage alteration
Equipment

Waste Disposal and Recovery
Land Acquisition .

Resettlement and compensation
(2) Canstiuction Stage
Access Roads
River and Stream crossings, Detour Route

Earthworks Drilling and Blasting

2emalition
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Building Relocation
Reclamation
Quarries '
Drainage Alteration
- Erosion Control
Pilling
Structures and Surfacing, Paving
Equipment |
- Trahsportalién
Landsc'aping
Revegelal ion
Labour Force
Utilities ,
Waste'Disposal and Recovery

(3) Operation and Maihtenanée Stage

Equipment
Transportation and traffic -

© Pedestrian Traffic

- Waste Dispo_sal and recovery
Accidcrﬂs |

Landscape
(4) Consequent Project

Amenities

Utilities _

Transportation
2.5 Environmental Characteristics and Components
From each relevant project aclivily there may be several 'polcntial environmental eftects. This
section defines each of the major categories where effects are felt (i.e. Socio-cconomic, natural) as
listed as folows in the section 2.5.1. It describes in more detail under the headings of the broad

environmental characteristics.

The environmental effects described for each of the components listed should be used asa guide

-t



only. The list of components is not exhaustive and provision is made on the matrix for screeners to add

relevant componcnis, Environmental effects other than those described as followings may occur also.
2.5.1 Socio-cconomic Environmental Components
Item: 1, Resettlement

Deccnpuon

Resettlement due to occupancy of land (lnn%fcr of nghts of residence and/or land ownership)

Causes of Tpacts

1} Land acquisition for road and bridge construction

Possible Envnronmemal Impacts ‘ _

1) Loss of living foundation of inhabitants to bc resettled social and cultural madaptablhly to the
new seltlement site may occur. ‘ o

2) Conflict between permanent residents and n,sculers over social and economic burden

3) Deterioration of living standard after resetilement due to the poor compensauon system in some

countries or the status of illegal occupants

Useful Factors for Evaluation ,
1y If the following conditions are mvo!\ ed, resettiement wﬂl be d:fﬁcult

a) The inhabitants tive on the special environmental resources of the site.

b} The inhabitants are currently well off
¢) Favorable relocation site is not available in the vicinity.

2) Careful consideration is needed if racial or tribal problems exist

Related Subjects for Study
1) Population of the inhabitants to be resettled and their economic condluon
2) Condition of the resettlement site

3) Pastcases of resetllement

Measuvres ‘ . _

1) Resettlement site selection considering the wishes of the inhabitants

2) Meetings with the inhabilams and provisions of necessary information
3}  Improvement of hwng and economic conditions of lhc reseitlement site
4) Compc.nsauon ‘

5) Job lrammg and guidance '
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ftem: 2. Economic Activities

Dcscnptmn

Loss of bases of economic activities, such as !and and changc to the economic  structure

.Cau ses of Impacts ‘
1) Loss of arable land and forests
.2) Land reclamation and change in land use
3} Change of industrial structure following the inflow and outflow of population and goods resulting
from the road construction

P0551ble Envaronmcmal lmpacts :

1) Effectsonthe reglonal economy because of a decrease in agncufture and forestry production due
to loss of arable land and forests, change of populallon distribution causcd by alternate land use,
change of commercial achwhes and ]ob opportunities

2) ‘Inconvenience in accessmg between both sides of the route

3 In self-sufficient areas, although cash income would increase by lhe adoption of cash crops
malnutntmn might result.

4) Rise in land value along the route would wi_dén the gap between the rich and poor.

Useful Factors for Evaluation

1) Increase inland use value along the route would make it difficult for industries having tow value-
addition to survive.

2y In self sufﬁc;ent areas, the effecl on the economy caused by the inflow of people and
commodmcs would be s:gmﬁcant

3) If important industries exist in 1he site, the effect of relocation on the local economy and

employment may he significant.

Measures ‘
1) Alternate coute selection
'2) Sufficient compensation to the land owners

3} Secusing of substitute
Related Subjects for Study

1) Local economy and industry

2) Future plans of the area such as a regional develdpmén! plan
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I!eni: . Traffic and Public Facitities

Description:

Impacts on scheols, hospitals and pn,scm teaffic conditions, such as increased  traffic congestion and

accidents

Causes of Impacts

Replacement of transport means by road traffic

2. Emergence and increase of vehicular traflic

Possible anromm,ntal Impacts

[y

2)

3)

Depression or extinction of the existing traffic and transpon fac:lmcs owing to the emergtnce of
mass transporl introduced by the new road '

Increase in lrafﬁc accidents, lrafhc jams and olher traffic problems caused by an increase in

. traffic

Effect of noise caused by vehicles on schools hospllals rehglous spots and olher pubhc fac;htles
The possibility is higher in an urban area.

Useful Paclors for hvaluahon '

1) Local traffic and transporl fﬂCllll)‘ condmons esmlaliy lhe condﬂ:ons along lhe accessroads to
the existing route should be comldered carefully ‘

2) Itis necessary to refer to the regional development plan or city planning.

3} Carcful consideration should be givén to schools, hospitals, religious spots and other public
facililiés inthe a.rea. |

Measures

1) Examination of the project contenis _ ‘

2} Rehabilitation of the ckis{ing traftic sys(erﬁ, especially atdng the access route

3) Installation of safetly I"acililies | '

4) Environmental protection measures for public facilities

Related Subjects for Study

)
2)
3)
4)

Land use and traffic conditions
Future land use plan, (ransportation plan
Higher level regional dt_:velopmént plan

Distribution of the public facilities
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" Item: 4. Disintegration of Communities

Description:

Community split due to inlerruption of area traffic

Cause of Impacts
1) Interruption of existing route by the construction of new roads

2) Interruption of traffic of inhabitants and commercial distribution

Possible Environmental Impacts
1) Inconvenience in daily activities of inhabitants and effect on economic activitics

2) Creation of detached territories or isolated arcas

Useful Factors for Evaluation . . - o

1) In case isolated areas are created, the effect is wbvious and countenmeasures should be
considered. ‘

2) Carefu} consideration is needed if there are communitics havi.ng long existing customs or

traditions and that are tightly united in their social activities.

Measﬁrcs
1) Securing of alternative routes
2) Creation of new community centers

3) Sufficient compensation

Related Subjects for Study
I} Social structure of the region _
2) T_rans'porlaiion'syslem, distribution of goods, and regional economy

3) Higher level regional development plan
Item: 5. Cultural Property
~Description: _
Damage to or loss of the value of churches, temples, shrines and archacological remains and other
cultural assets ‘
Causes of Impacts

1) Damage to and/or loss of historical assets ahd_ cultural properiy by tand reclamalion for road

construction
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2) Increase in lra[ﬁc of pcoplc owing to the tluelopment of road

1) Noise and 'ur pollullon caused by vehicles

Possible !*l‘lVll'Ollllltnlﬁl lmpacts

1y Increase pos‘nbnlny of theft due to conetrucuon activity and acm-ated traffic, and damage to or

vanishing of a unique cultore by the flow of different cultures and the loss of opportunity for
acadennic research

2y Damage to Iourism business opportunities, which depend on cultural property

3)  Aggravation of inhabitants' feeling caused by the loss of precious cultural assets in the area

Useful Factors for Bvaluation

1) Impacts would be critical when the cultural propety is rccognized historically and culturally
important from global viewpoints or is umque to the area.

2) Coumnes with longer histories may have more cultural propeny to preserve,

3) Careful consideration should be given to ofﬁcnally reglsler cultural assets.

4)  Careful atlcnnon should be paid to bulldmgs and other facilities in unique commumnes

Measures

1) Reexamination of the traffic routes and contents of the plan

2) Preservation or relocation of cultural propcrly

3) Meetings with the mhabuants and provisions of necessary mformatmn

Related Subjects for Study

1) Laws and regutations conceming preservation of cultural praperty
2) Local history and folklore

3y Preservation or relocation plans and measures

Item: 6. Water Rights and Rights of Commen

Description:

Obstruction of fishing rights in rivers, water rights and land use rights

Causes of Impacts
1) Occup.mcy of arable land and forests for road construction

2} Obstruction or alteration of fishing grounds if lhe roads traverse rivers or pass by coastal areas
3y Increase in Irafiic
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Possible Environmental lmpacts
1) Effect on the peoplc who have utilized the common Iand in case thc foute passes (hrough the
common land. The effects may extend to the culture and industry of the arca.
2}  Occupancy of the fishing ground would affect fishery. Iiasy access to .fOi'CStS may cause  illegal
cntry and logging. | '

Useful Factors for Evatuation

)] Specnal altention should be paid to old communities hkely o have common fores!s or land

2) Careful auenhon should be paid when the route passes through ﬁshmg ground

3) Water rights or land use nghts may exist if water intake facilities, navigation facilitics and

: charcoal-bumer sheds exist.

Measures _

1) Allernate route selection and reexamination of project components
2} Prm)ision of new common land

.5} Méetings with inhabitants and provisions of necessary information

4) Spfﬁciem cdmpensalion

Related Subjecls for Sludy _
1} Local history and folklore
2} Type of land ownership, e. g., by laws or custom

Hem: 7. Waste

Descnpt:on

Genesation of construcuon and demolition waste, debris and logs

Causes of Impacts _ _
1) Generation of debris and construction waste due to the construction of roads

2) Generation of general waste following the use of the roads and an increase of economic  activitics

Possible Environmental Impacts .

1) Exposed waste may diminish aesthetic values and affect vegetation. It may also causc the
poliution of soil and water. .

2) Dumping from vehicles would affect aesthetic \falues a!ong the route and cause sanitary
problems,
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USCﬂ_l_l Factors for Evaluation

.1) The volums of dcbris can be estimated from the scale of excavation.

2) A large amount of demolition waste may be produced when the project includes the demolition
of buildings. ' |

3} ' Disposal of debris would become a critical problem in urban areas.

Measures . _
1) Establishment of proper waste collection system and disposal system
2)  Securing of sufficient wastc disposal site

3y Careful construction plan and management

Related Subjects for Siudy _
1) Study on velume of waste, physical and chemical characleristics of the waste
2) Land ownership and‘l'and use to d'elerminc a suilable disposal site

1) Lawsand régulalions concerhing waste disposal
Item: 8. Hazards (Risk)

Description:

Increase in risk of landslides, cave-ins and accidents

Causes of Impacts
1) Cutand fill and land reclamation for road construction
2) Insufficicnt drainage '

3) Dccrease in rainwater infrusion owing to the paving of road surfaces

Possible Enviconmental lnipac(s o _

1} Damage to and collapse of the road s;irfaces as a result of poor flood water draihage. .

2} In case of impermeable paving, sutface runoff caused by heavy rain will cause soil crosion and
flooding. ) '

3) ‘L;irgc-sca!c'cmiing‘w‘nu!d change lhc_béla‘nce of the soil and create land cave-ins or upheavals.

4) Landslides and similar failures might damage fand and houses and threaten the lives of
inhabilants. ) '

Useful Factors for Evaluation - :
1) Probability of landslidc is high in arcas having steep hills of soft soil with high porosity.
2) Careful attention should be paid if villages exist in the vicinity.

3) Carefut attention should be paid in areas having intense rain in a short time period.
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© Measures

. 1) Alternate route selection
2) Adequate drainage work
3) Protection of the slopes

4) Monitoring and maintenance system

Related Subjects for Study

1) Topographical and geological surveys

2) Metcorological study - h
3) Case study of past natural disasters

2,5.2 Natural environmental components
Iem: 1. Topography and Geology

Descnpnon

Change of valuable 1opography and geology by excavation and land reclamation

Cau ses of Impacts

1) Cut and fitl, and excavation of undérground for road construction

Poss:blo Envitonmental lmpacts

1) ‘Topography and gcology would be altered by cut and fill. It may bring about landshdes or soil

€rosion,

Useful Factors for Evaluation ‘

1) Careful attenuon should be pald in the fo!!owmg types of areas:
a) Areas wh:ch have i lmporlam topography and/or geology,
b) Areas of steep hills of soft soil with hlgh porosity,
¢) Arcas which have ramfall of high intensity

2) Urban areas have little concom with this problem.

Measures
1) Alternate roule selection
2) Examination of the construction method

3) Restriction of land use in the vicinity
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Related Subjects for Study
1} Topographical and geological survey
2) Landstide sites ' '

3} Land use
Item: 2. Soil Evosion

Description:

TopsoH erosion by rainfall after land reclamation or vegetation removal

Causes of Impacts

1) Exposure of topsoil caused by land reclamation or removal of vegetation for road construction
2) Rainfall and flood during construction o

Possible Environmental Impacts

1) Loss of topsoil by surface runoff or wind inay affect growth of plants and animals, ag_ricult_ur'c‘
and forestry. ' '

2} Sediment would create water turbidity and affect aquatic life and river dischacge in downstream

arcas.

Useful Factors for Evaluation

t) Probability is high under the following conditions:
a) Steep topography with sandy soil.
b) Heavy or in.tenéc rainfall, or'slrdng wind,

¢} Scarce vegetation coverage

Measures _
1} Protection against soil erosion, e.g.,'vegela!ioh cover, slope protection .
2} Alternate route setection

3)  Examination of construction method and schedule

Related Subjects for Study
1) Soil, topographical and geological surveys
2) Meteorological study

3) landuse
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Item: 3. Gmundwaler

Descrip(ibnf | o
Change of the distribution of groundwater by targe-scaled excavation

Cause of Empacts _ .
1)  Disruption of groundwater flow by large-scale 'excavalion 6r tunnel construction which would
alter the distribution of groundwater and bring about turbidity of groundwater
2) Decrease of groundwater recharge funchon due to change of outflow rate by clear cuiting of
vcgelahon

1) Extraction of a large quantily of groundwater because of an increased water demand for the

Possible Eﬁvironmental Tmpacts

1) Lowering of the groundwater level and the exhaustion of wells which may' affect the gfound\vater'
~ use in the project site o _ ' '

2) Land degradauon on alluwai or claycy sml layer due to the lowenng of the groundwater level

3)  Water pollution during the construetion and saltwater intrusion in the coastal areas, which would

deteriorate the water quality and affect the water use

Useful Factors for Fvaluatlon

1 Shallow wells, whtch use unconf ned gmundwater are susceptible to the impacts.

2) Parucular attenllon shou!d be paid if the groundwater level has a tendency to dectine or tand
degradation has already progressed in the arca.

3) Careful attention should be paid to saltwater intrusion when the project site is located near the

scCa.

‘Measures
1) Alternate route selection
2)  Use of construction methods adopting conservation measures of groundwater

3) Development of alternative waler source

Related Subjects for Study -

1) Hydrogeological susvey, e.g., determination of aquifer
2) Pumping tests

3) Water use
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ftem: 4. Hydrological Situation

Dx,scnpuon

Change of nver dlscharge and riverbed condmon due to the mflow of drainage or landfill

Causes of impacts

1} Hydrological rcgime would be altered by the construction of structures, such as piers, when the
route passes over lakes and rivers.

Possible Environimental kmpacts
1) Alteration of riverbed would change the habitat condition of aquatic life and affect ﬁshery
n Nawgalwn and tourism may be affected by the change of water depth, flow and flow rate.,

Useful }‘actors for Evaluation
1) Carcful atlention should be paid o the habitats of valuablc aquatic hfe

2} Particular attention is required if the communities in lhe area uhhze the water for nav:gauon

fishery and tourism.

Measures
1) Alternate route selection

2} Compensation for fishery

Related Subjects for Study
1} Aquatic life
2} Wateruse

Item: 5, Coastal zone

Description:

Coastal erosion and sedimentation due to landfill or change in marine cordition

Causes of hnpacts

I} IEixcavation and dredging for the construction of piers when the route passes through the coastal
zane . .

2) Increase or decrease in sediment Supply to the surrounding marine area owing (o the change in
tide
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Possible Environmental Impacts
1) Damage to and loss of mangrove forests andfor corat recfs caused by altercd coaslal lopogré’phy,
~ coastal erosion and extinction of tideland due to the change of littoral drift, which would affect
tourism and fishery .
2} Impacts on natural environment, including an increase in risk of coastal disaster, resulting  from

the depression of the wave dissipation effect by natvral coast

 Useful Factors for Evaluation ‘

Impact will be significant if the project site has:

)] Prcciou's nature, such as mangrove forests ahd coral reefs,
' 2)  Excellent fishing field and other business field,

3) “Tourism utilizing the sea and the coas,

4} High risk of disaster, such as high tide.

Measures _

1) Alternate route setection _

2) lnslallalion'qf 'wav_e dissipation revetment and breakwater
3) Artificial nourishment

4) Compensation for damage in fishery

‘R‘el'aled. Subjecls for Study
1) Valuable natural environment, e.g., mangrove forests, coral reefs
2) Fishery and reiated industries

3) Industries which utilize the coastal zone
Item: 6. Fauna and'_Flora

Description:

Obstruction of breedihg and extinction of species caused by change of habitat condition

Causes of i}npacls _

- 1) Removal of vegetation and extinction of habitats of animals due to the construction of roads and
related facilifies

2)  Generation of exbhaust gas and noise from runnmg \ehtcles

3) Dismuption of migratory routes and habitats of animals by the existence of roads and related

facilitics
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Possible Environmental Impacts

"

2

)

A dccfgasc in useful creatures for human activities or exlinction of valuable species
Livelihood of people, including the hunting of animals and collection of forest products, would
be threatened and the recreational value would be decreased.

Decrease of natural enemies and cxuncuon of other species may result in an ouibrcak of other
animals, pests and harmful insects.

Useful I‘1clor< for Evaluation

Particular a(tennon should be paid in the case of followmg

£) Thesite mcludcs vulnerablc ccosystem such as pnmary forests, swamp and mangrove forests. |

2) T here arc species peculiar to the rcglon |

3) Many people make their lwmg b) hummg and use of animals, :

4)  Thereare endangerad of rare species listed in the Red Data Books by thc Intcmanonal Union for
Conscrvation of Nature and Natural Resources (IUCN)

5}  There are bitateral and multilateral conv cnnons on wddhfe.

Measures

13 Relocat ion of plants and animals

2) Sufﬁciént compensation

3) Careful route selection

4) Careful construction designing ' .

5) Protection measures for fauna and ﬂoré

Related Subjects for Study

1)
2)
3)
4)

Existing vegetation, topographical and geological survey
Distribution of animals

Affiliation of conventions concerning wildlife protection
Livelihood of inhabitants '

ftem: 7, Landscape

Description:

Change of topography and vegetation by land reclamation. Deterioration of aesthetic harmony by
appearance of struclures ' '

Causcs of Impacts

1) Change of topography and vegetation By consfmclibn, and appearance of roads and piers
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3]

Possible Environmental Impacls

) Damage to the valuc of the scenery by the change of laﬁdscapc-, which may have cltural values
_or close relationship with the life of tocal people (c.g., religious importance)
2) - Tourism and tocal people’s life may be affected by the damage.

Useful Factors for Evaluation -

1) ' Pasticular attention shoutd be paid to the landscape that has cultural valves from an  international

~ viewpoint . ‘

2)  The particular meanings or toles of the landscape (religious object, tourist altraction, efc.) in the
 area should be studied. |

Measures
1) Reexamlnatlon of the pro;ccl contents

2) Landscape architecture

Related Subjects for Study _

1) Folklore

2) ‘Livelihoods of the mhabltanla.
1) 'l‘ounsm

2.5.3 Environmenta! Pollution
Item: 1. Air Pollution

Descrlptmn

Pollution caused by exhaust gas and toxic gas from vehicles and factories

Causcs of lmpacts
l) Exhaust gas from construction equipment and \ehtcles and dust generated by earthwork

2) Exhaust gas from runnmg vehicles

POSSIble an:ronmenlal Impacis

1) Exhaust gas and dust would affect the heallh of people, plants and animals along the route..

2y Ifthe amount of the exhaus! gas is enormous, nitrogen oxides and sulfur oxides may contribute to
acid rain, and carbon dioxide to the global warming. ' |
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Useful Factors for Evaluation |

1)  If houses are densely built in the area, the impact will be farger.

2) If dry and wet seasons are separated, the impgci will be greater during the dry season.

3)  If the number of vehicles increases significantly, special attention should be paid.

4} I the gradient of slope is large, the concentration of exhaust gas from running vehicles will be
higher, ' - '

‘Mnasurps

1) Dust preunhon by spnnkhng water or chemicals during conslructlon
2} Alternate route selection

k)] ‘Reexamination of construclion methods

Related Subjects for Sluds'

1) Urban planning and regional planning
2) Distribution of public facilities

3)' Distcibution of ‘fauna and flora

4)  Air quality standard and mg’ulalioné on emission of pollutants
Item: 2. Water Pollution

Description:

Poliution by inflow of silt, sand and effluent into rivers and groundwater

Causes of Iimpacls

1) Disturbance of sediments by construction of piers when the roule passes over lakes, stream and

rivers . C
2)  Erosion caused by the change of \cgelauon and topography _

3}) Use of herbicides to the roadbed ﬂush out of dust and oil on the road surface during rain

Possible Environmental Impacts
13 Effect on aquatic life by water pol!uuon or turbid water

2) Contamination of water by hcrtm:ldes would affect the aquatic tife and the health of inhabitants

who usc the water,

Usefu! Factors for Evaluation

1) Careful consideration should be given when habitants or businesses in the downstream area use
the water. ‘

2)  Particular attention should be péid if imporlah( aquatic species exist.
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. Measures

By Careful construction planning and management

2) Compensahon to the people and business concernin 8 the water use

3) Creation of habitats for valuable aquatic species

4) Study on maimcn_ance methods, such as clearing grass without herbicides

Related Subjects for Study
1} Water use and watershed use industries
) Yaluable aqualic; species

Item: 3. Soil Contamination

Descrlpuon

Conlammahon of sml by dust and chemicals, such as herbicides

Causes of Impacts
1) Dispersion of paving matenals such as asphalt ernulsnon dunng construcnon
2) Sprcadm g herbicides for maintenance

'3) Exhaust gases and dusts from running vehicles

Posmble bnvnron menlal Impacts :

1) i:.nlargemem of the impacis through such a process that heavy metals in dust and chemlcals in
herbicides accumulaled_ in soil are absorbed in plants under a certain condition, and leak out into
water system

2) Fffects on vegetation by comammatcd soil with paving matenals _

3} Health hazards to the mhabltams who use the groundwater, which is contaminated through
penetration |

Usefu! Factors for Evaluation

Careful consideration is required in the following cases:
B Therei is arable land along the route.
2} ‘There are sources of drinking water in the vicinity.

3} Groundwaler is utilized in the area. .
Measures

1} Careful construction p!':mning and management
2} Roadbed maintenance without herbicides
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1)
2)

Restriction on land us¢ in the proximity

~ Related Sﬁhjecls for Sitldy

Land use

Water use

Item:; 4. Noise and Vibration

Description:

Noise and v1brai:0n generated by \ehlclcs

Cfmsc% of Impacis

1
2)

Operation of construcilon equipment and vehwles for constmcuon and detonations
Operation of vehicles

Possible Environmental Impacts

1

2)
3)

Effect on hospitals and schools by noise, and the dlslurbance of sleep by \ehlcles operating at
night, especially in urban areas

Obslrucllon of breedmg of cattle and dlspersmn of wildlife

Cracks in bmldmgs on soft ground caused by vibration

Useful l*actors for Evaluation

Impact would be sigaificant under the fo!lowmg conditioris:

)
2
3
4)

There are facilities, which reqmre calm c1rcumetance. or densely popu!ated areas.
There is lmporlam cattle industry.
There are habitats of valuable w:ldllfe

There is weak ground such as fitled fand or clayey soif layer,

Measures

D
2

Reexamination of the project contents
Use of fow noisc and vibration construction equlpment

Careful construction planning and mam!enance consndenng time and period of the work
Installation of acoustic walls and buffer zone '

Compensation for damage to livestock

Related Subjects for Study

1)
2)

Geological survey

Land use, distribution of inhabitanis and public facilities, living condition of inhabitants
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- 3) Habitats of valuable wildlife
- 2.6 Screening

- 2,6.1 Basic Concept of screcning

Bas:cally screening is the first Judgemcnt in the process of environmental consideration and shoutd
commence at the initial stage of the project, such as prowct finding. Through the screening process,
the evaluation of whether or not the IEEJ’Prelrmmary an:mnmemal Impact Assessment (Pre-EIA) is
rcquured for a project should be based an appropriate ideas and  views for harmomzmg the sustainable
developmcm with the rcsrdents Iwcllhood and surroundmg environment by taking into cons:dcr‘zuon

the project features and its env:ronment but not on the quantitative standards.

2,62 Screening Methods

(1) Outline

As for the procedures for screening, it des'cribes' the following cross-sectional viéwpoints:

a)  Can the project adversely affect the si_xs(ai_nabilily of production which depends lﬁainly on natural
resources? - ' ' o

b)  Will the pro;ect significantly affect peoples heaith‘?

c) Wil the project lead to a deterioration or loss of valuable living resources and their hab:lals ?

d) Wil the project have an unreasonable impact on the livelihoods and subsistence of the people

concemed ?

Based on the above viewpoints, the screening method should be examined in detail. ¥ there are laws
or regulations concerning the environmental impact assessment for the project, it is necessary to
discuss to make better environment considerations in accordance with the laws and  regulations by

referring to the guidel'in_es.

On the other hand, if there are no such laws or régulalions, it may be possible to formutate a standard

~ with respect to the project scale and the land-use  conditions for evaluating whether the development

project requires an environmental  impact assessment or not.

It is considered to be more effective, therefore, to formulate Cc-rtain ideas and  viewpoinls with

qualitative expressions for evaluating screening.
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(2) Scréening of Road and Bridge Projects

Based on the above consideration, the following cqriccpls are established in the prefiminary

cnvironmental survey:

a) The de\'élopmenl pfbject should be planned in such a way as Lo provide society with sufficient
_ benefits while securing the areas’ sustainable development and growth without being detrimental

to the tives and existence of the residents,

b) The development project should be ptanned in such a way as to maintain harmony with the
natoral environment, while avoiding significant damage to the existing environment, and preserve

~ valuable natural efvironmental assets.

The examination of screening should be conducted from practical Viewpoinlé for each environmental
item based on the above concepts. The results of the examination should be clarified by using the
screening format as shown in Table 2.3 and should be included in the preparatory study report.

The evaluation result of each environmental item should be noted on the format whether or not
cnvironmental impacts exist. As the overall evaluation, the conclusion and the reason for evalvating
whether or not EEE/Pre-EIA is required should be described briefly on the format.

The guidelines should be applied for all environmental impacts that may be caused by the project
implementation not only in the project arca but also in any arca that may be directly or indirectly

affected during the construction and after the operation of project facilities.



Table 23 Format for Screening

Project No. and Name: Location: Region: Province \
Environmental | 1dentification of Bescription 1EE Remarks (Reason)
No.| component activities of actiyities evaluation
Socio economic Envlranment o ] ‘
1jLand and Land aquisition Transkers of right of land ownership compensation | Yes of No
Propedy Resettlement Transfer of rights of resideace / cornpensation Yes or No
2| Economic Economic Loss of basis of economic activities, Yes o No
activilies such as land, and change of economic structure S
Employment tncrease of decrease of employment opportunity . | Yes orNo
3 Traffic and Traffic !mpact on present traffic conditions, Yes or No
Public facilitics increase of traffic congestion ‘
: Public facilitics Impacts on schools, hospitals caused Yes or No
by increase of raflic volume ‘
4[Communities  |Disintegration of Comrounity split due to iniertuption Yes of No
, commanities of arca traffic . ' L
S|Amenity Amenities Increase or loss of existing amenities Yes or No
6]Histerical and  |Hislorical assets Damage or  loss of the value of Yes or Ne
Culteral hisforic or archacological remains :
Cultural properties  {Damage oc  Joss of the value of cultural asseis Yes or No
| Vested rights Water rights and Obstniction of fishing rights, waler rights, Yes or No
) rights of common  |oc other rights of common '
8| Waste Wastc Generation of construction and Yes or No
demolition debris c
9{Hazards Risk and damage  [Risk of accidents, traffic damage Yes or No
Natural
Environment - L - R
10]Land Topographic fcature  {Changes of valuable topagraphic Yes of No
fverbank and bed  {land form condition '
Geological condition [Changes of geological condition Yes or No
Land use Change of original land use Yes or No
Soil erosion Topsoil erosion by rainfall after Yes or No
C earth work and vegelation remioval :
17| Surface water  |Hydrological feature |Changes of flow variation Yes or No
Waler use Change of existing waler use Yes or No
Waler quality Change of water quality Yes or No
Floating debris Floating obstacles Yes or No
. Flood affection Flood affected area Yes or No
12)Specics and Terrestrial vegetation [Obstruction of valuable species and Yes or No
their /flora their community, habitat . .
population, Temestal waldlife  [Obstruction of breeding and extinction Yes or No
habitat /fauna of species, communitics, habitat ‘
Aguatic flora Obstruction of valvable specics Yes of No
Aguatic fish fauna  {Obstruction of breeding and extinction Yes or No
of species, conwnanitics , habitat ‘
13] Aesthedics Landscape Changes of topogeaphy and vegetation due to Yes or No
reclamation. Deterioration of aesthetic
hanmony by structure
Fallution . .
15]Atmosphere Air pollution Pollution caused by exhaust gas or Yes or No
‘ foxic gas from vehicles
16 Water Watee pollution Pollution by inflow of silt, sand and Yes or No
cffluent inlo fvers
}7[Noise and Noise and vibration |Gereration by construction machinery Yes or No
vibration and traffic vehicles
Overall evaluation Need of
Is Preliminary E1A necessary for the project implementation? Pre-EIA?
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