APPENDIX 6.2

Levels of Service ( USA Federal Highway Board )

The concept of levels of service is defined as a qualitative measure dcscnbmg opcrahonal
conditions within a traffic stream, and their perecption by motorists and / or passengers. A
level-of-setvice definition gencrally déscribes these conditions in terms of such factors as
speed and travel time; freedom to mancuver, traffic interruptions, comfort and convenicitee,
and safely.

Six levels of scrvice are defined for cach type of facility for which analysis proccdurcs are
available. They arc given letter designations, from A to F; with level-of-service A representing
the best operating conditions and level-of-service F the worst.

1. Level-of-service definitions - In general, the various levels of service are defined as follows
for uninterrupted flow facilitics:

Level of service A represents free flow. Individual uscrs are virtually unaffected by
the presence of others in the traftic stream. Freedom to select desired speeds and 1o maneuver
within the teaffic strcam is extremely high. The gcncral level of comfort and convenience
provided to the motorist, passenger, or pedestrian is excellent.

Level of service B is the range of stable flow, but the presence of other users in the
raffic stream begins to be noticcable. Freedom to select desired speeds is relatively
unaffected, but there is a slight dectine in the frecdom 1o mancuver within the traffic stream
from 1LOS A. The level of comfort and convenience provided somewhat less than at LOS A,

" because the presence of othiers in the traffic stecam begins to affect individual behavior,

Level of service C is the range of stable flow, but marks the beginning of the range of
flow in which the’ opcrallon of individual users becomes sngmflcanlly affected by the
interaction with others in the traffic stream. The sclection of speed is now aftccted by the
presence of othcrs, and mancavering within the traffic stream requires substantial vigitance on
the pari of the uscr. Thc general level of comfort and convenience declines noticeably at this
level,

Level of service D represents high-density, bul stable, flow. Speed and freedom to
mancuver are severally restricted, and the driver or the pedestrian experiences a generally poor
* Ievel of coinfort and convenicnee. Small increases in the traffic flow will gencrally causc
. aperational problems at this level.

' Level of service E represenis operating conditions at or near the capacity level. All
speeds are reduced 1o'a low, but relatively uniform valuc. Freédoin 1o mancuver within the
traffic strecam is extremely di€ficull, and it is generally accomplished by forcing a vehicle or
* pedestrian to give way 10 accommodate such mancuvers. Comfort and convenience levels arc
extremely poor, and driver or pedestrian frustration is generally high. Operations at this level
ar¢ usually unstable, because small increases in flow or minor perlurbations within the traffic
stecam will cause breakdowins.
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Level of service F is used to define forced or breakdown flow. This condition exists
wherever the amount of traffic approaching a point exceeds the amount which can traverse the
point. Qucucs form behind such tocatioris. Operations within the qucuc are characterized by
stop-and-go waves, and they are extremely unstable. Vehicles may progress at reasonable
speeds for several hundred feet or more, then be required fo stop cyclic fashion. Lovel-of-

- service F is used to describe the operating conditions within the queue, as well as the point of

breakdown. It should be noted, however, in many cases operating conditions of vehicles or
pedesirians discharged from the queuc may be quite good. Nevertheless, it is the point al |
which arrival flow éxceeds discharge flow which causes the queuc to form, and level-of-
service F is an appropriate designation for such points.

These definitions are general and conceptual in nature, and they apply primarily to
uninterrupted flow. Levels of service for interrupted flow facilitics vary widely in terins of
both the user s pereéption of service quality and the operational variables used 1o describe
them.
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APPENDIX 6.2.1 - THE TEN 'CASE STUDY’ BRIDGES - SHEET ONE

THE COSTS OF REHABILITATION AND REPLACEMENT

Bridge Name Direct Direct Costs | Repair as % | Traffic Total
Costs of - | of ~ |of Control Repair
Repair Replacement | reptacement | &Diversion | Costs for

, e Uss = 1 US$ cost | Costs US$ | Agency US$
Buca UG{lzmir) | 7000 406000 1.7% 2000 9000
(slip road
westbound only) - . : :
-Hilal-II ({zmir) 340000 | 2760000 12.3% 10000 350000
Dual Carriageway - o . :
‘Babadal (Ankara) - | 52000 155000 33.5% 73000 125000
{Two lane but
needs widening on
safely grounds) ﬁ .
Selyeri (Samisun) | 37000 162000 22.8% 10000 47000

| (West bound

| carriageway) . | |

Akcay (Samsun) | 78000 | 648000 12.0% 73000 151000
(Two lane Gerber
Bridge) :
Koparan 1§ 32000 | 162000 19.8% 73000 105000
(Samsun) (Two - :
Lang) 5
Asagi Cakalli | 153000 | 430000 35.6% 10000 | 163000
(Sanisun) ‘
(Northbound
carriageway) o L SRR
Gelincik = - - { 57000 189000 30.2% 2000 59000
(Trabzon) (Two Lo |
lanc) _ : _ o - o
Sardcre (Antalya) | 36000 290000 12.4% 88000 124000
(Two Lane) o ' e
Candir Hasaripasa | 117000 | 702000 16.7% 73000 190000
(Bursa) (Two R ' '

l.,('lliC)
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_APPENDIX 6.2.1 (CO‘\I'IINUFD) - COSTS PER LINEAR AND DECK METRE -
SHEET TWO _

o e

| Bridge Name

Bridge

Length

metres

Cosis to

Replace

Us$

Costf
melre

US$ -

Brid.ge
Width

melres

Dcck
Meires
Squared

Caost/ Deck -
Metre US$

Buca UG(Izmir)
(slip road

| westbound only)

33.00

406000

12303

18.20

601

676

Hilal-IT (Tzmir)
Dual Catriageway

347.80

2760000

7936

13.50

4695

588

Babadat (Ankara)
{Two fanc but
nceds widening on
safely grounds)

25.20

155000

6151

10.00

252

-] 615

Selyeri (Samsun)
(West bound
carriageway)

21.70

162000 .

7465

9.60

208

778

Akcay (Samsun)
(Two lane Gerber
Bridge)

106.90

648000

6062

10.00

1069

606

Koparan 1
(Samsun) (Two
Lanc)

2745

162600

5902

9.80

269

602

Asagi Cakalli
(Samsun)

(Northbound
carriageway)

71.55

430000

6010

10.10

1 723

595

" [Getincik

(Trabzon) (Two
lane)

32.50

189000

5815

10.10

328 '

576

Sardere (Antalya).
{Two Lane)

43.15 -

290000

612l

12.70

548

529

Candir Hasanpasa
(Bursa) (Two
Lanc)

113.90

702000

6163

10.40

1185

593
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APPENDIX. 622 - TIME NEEDED TO CARRY OUT REPAIRS AND ¥
REPLACEMENT - SHEET THREE

Bridge Name Repair | Replace- Routine Years of tife | Years of
Time - | ment Time | Maintenance if no maint- | life with
days - Months as % capital enance project
Cost project

Buca UG(Izmit) (1S [ G 0.50 10 27
(slip road '
westbound only) : .
Hital-1l {Izmir) | 100 18 1.00 7 45
Dual Carriageway
Babadat (Ankara) | 100 5 1.50 13 (16
{Two lanc but :
needs widening on : .
safcty grounds) ‘ ‘ : _ EE
Sclyeri {Samsun) | 35 6 0.70 10 : 19 e
(West bound

| carriageway) L = : _
Akcay (Samsum). {80 [65 < [0s50 |5 16
(Two lanc Gerber : : -
-Bridge) : . .
Koparanll- . [100- [5 - [130 10 {32
(Samsun) (Two ' ‘ : ' : '
Lane) L N ‘ : L
Asagi Cakalli 1200 |8 L1200 ' 3 41
(Samsun} - Y BT ' '
(Northbound -
carriageway) N R Lo G

{ Gelincik 250 0|5 1.00 16 |25

- | (Trabzon) {Twa R ' R R Y

' 1?11113)'5 . A S IS : ; ol B T B - N
Swdee vy |80 155 i [ e ] B
(Two Lanc) . L . N . .
Candir Hasanpasa' | 120 8 1070 St 27
(Bursa) {Two I .
Lanc)
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APPENDIX 6.2.3

ASSUMPTIONS IN ESTIMATING VEHICLE DELAY AT ONE LANE TRAFFIC CONTROL

Traffic Signal Cycle Time
Lost Time

- Green Ralio
" Saluration Flow Rate

Capacity {one direction}
Actuat flow rate

. Critical v/c ratio

Uniform delay

where
incremental delay

where

- Average Stopped Detay

Total Approach
Delay

- Length of the road segment

Free Flow Speed

"Running Time (free flow)

Average Travel Speed

4 d=di+d2
"D D=1.3"

Symbol Equation Vatue
C 120 seconds
| ' 10 seconds
g/C . 0.45
s : _ 1400 pcphg
c - ¢=5%(g/C} 842 pcphg
v 250 pcph
4 vic 0.39
di 16.3 seconds/pc

di = (0,38 C* ((1-g/C)*2)/(1-{g/C)* X))
d2 0.2 seconds/pc
d2 = f (173 “XA24((X-1) + SQRT{X-1y"2+{16X/c))))
16.5 seconds/pc
21.4 seconds/pc

1.10€ kilometres
60 kph

- §6.0.seconds
45 kph

AVERAGE TRAVEL SPEED AND VIC
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APPENDIX 6.2.4
ESTIMATION OF THE SPEED/COST CURVES
Equation: C=Function((a+bN+cV“2)'(1+mH*nH"2))+(d+eN+N“2)
where ‘C=cc:;sl per vehicte kilometre

V=average link speed in kilomelres per hour

H=average tink gradient In

mkm ,

a,b.c.d.e f,mn=parameters defined for each vehlcle category
Source: Derived from Transport Research Laboralory, UK and COBA
OptimumVehicle Speeds in Turkey

- Car Bus Truck Trailer .

KPH 88 73 81 85 Double Surface Treatmenl - Good

Saurce: KGM Planning Division

VOC/SPEED CURVE - CAR

140

120

100

Increase in VOC %

5 8 8

AB.. .

——-Serlest
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APPENDIX 6.2.5

VERICLE O?ERATING COSTS IN TURKEY - 1995

(TL per Vehicle Kilometee excluding taxes)

Surface ‘Terrain Type | Car Bus Truck Trailer

Type :

Asphalt Flat 3351 17670 13120 22936

concrete

IRI 2000 _
RoHing 3367 18958 15207 26749
Mountainous | 3410 21800 18963 33168

Surface Flat 13401 17897 13534 23535

Treatment in

good

condition

IRI 2400 » _
Rolling 3417 19189 15625 - | 27350
Mountainous | 3460 22036 19387 | 33784

Surface Flat 3440 18072 13843 | 23984

Treatment in ' -

Bad 7

Condition

RI 2700 . : . :
Rolling . 3456 19367 15937 27801

o Mountainous | 3499 | 22218 | 19704 34246

Stabilised in | Flat 3921 | 20072 | 16440 28507

Good ' ‘

Condition .

IR1 5000
Rolling 3934 21370 18562 32079
Mountainous | 3971 24186 22327 38482

Stabilised in | Flat 5333 243901 21776 - | 36468

‘Bad R '

‘Condition

IRI 10000 : = .
Rolling 5345 25869 23880 39734
Mountainous | 5376 28731 27677 46297

' Source: KGM Planning Division

A(_S-Q




ANNEXES



ANNEX'1
ECONOMIC ANALYSIS - CASE STUDY OF BUCA UST GECIT BRIDGE (IZMIR)

1. INTRODUCTION AND BACKGROUND

1.1 Backgl ound

" ‘The Buca Usl Gecit Bndgc is iocalcd on Statc Read D 300, some S kilometres from
the céntre of Fzmir, on the main road to Buca. It is situated within the urban area of Izmir, and
‘provides a grade separation between the road between Buca and Izmir, and the road from
Izmir to Aydin, The upper road is dualled with three lanes in each direction , whilst the road
underneath the bridge is a single carriageway with one lanc downhill and two lancs uphill. The
pavemcnt is in good condition, and the road carrics the following traffic over the bridge:

Table - Al.1 - Estimated AADT 1996 af Buca Ust Geeit (1zmir)

Vehicle Type Number' | Composition % | General Traffic Composition in
: ' _ fzmir %
Cars _ 22645 45.29% : - 58.00%
Buses . s7s 3 S 11.43% . 900%
Trucks : 20560 . 41.12% _ C 1 32.00%
Traifers | 1080 T216% T 100%
Taotal g 250000 - 100. 0(}% T 10000%
Source: Consullanls Esllmatcs dcrwcd from dlscussxons wnh KGM Iﬂmr Dmsmn '

The Bndgc |tsclf is some 33.00 mclrcs in lcngth wnh a carnagcway wnllh of 1570

~ metres and sidewatks of 1.25 meires. The Bridge must have formerly crossed the Selyeri ©

- River but now it crosses the road 1o Buca, ‘The Bndgc was dcs;gncd to a specification of
-+ AASHTO H20-S16. (20 torines on the first lwo axles - tractor truck - and 16 tonnes on
~* subsequent ax]cs) Il is a rcmforccd concrctc bndgc of continuous bcam construction,

| Buill in 1972, the Buéa Ust Gecit Bndgc has provided 23 ycam of scrvice. With
: modcst rcpazrs it can provide a further 27 )'cars of scrvice.

1.2 The future [‘or the road
Traft:c is alrcady substantial on thc road because of ils imporlam mlra urban
“function. With the rapid urban’ gmwlh and the rapid growlh in vehicle ownership, it scems
likely that the road will continue to play an important role in the total vrban network.
Farccasts of traffic along the road arc as shown'on Page 5 of this Aniex. The detailed

‘assessment of the capacity of the road and thus the bridge indicates that full capacity will be
‘reachcd even providing service to a level ’F’ by the year 2000.
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'Forecasts of traffic along the Buca Ust Gccu bridge arc based upon an estiniate of
50000 AADT in 1996 and forccasls of fulurc growih with the followmg growth rates lhrough
16 2014:-

Cars 10.0%
Buses 6.0%
Trucks 6.0%
Trailers ' - 5.9%

Traftic going underneath the bridge is cstimated at 25000 AADT in 1996
13 Proposed Remedial Works

The Bridge urgently requires repairs 1o a girder which has been damaged by
accidents. These can be done without closing the bridge; but the slip road would have to be
- closed and traffic below the bridge would have to be reduced from two lanes uphill into one P
lane. Repairs would include:- ' g: '

- rcpalrs 10 a girder
- repairs fo somie expansion jomts

The costs of the repair are only about US$ 7000 but the traffic disruption costs during
the fifteen days it will take to cffcct the repair are likely to approach US$ 100000.

2. ECONOMIC ANALYSIS
2.1 Evalmation

| In this casc study the cconomic assessment relates to a relatively simple situation in
“termis of evaluating the cost-eftectivencss of a repair against a replacement.

2.2 Aliernative detenrs

Closure of the slip road will imposc considerable congestion costs because these '
small urban detours basically imply a shortage of road capacity.

‘2.3 Cost-Effectiveness Analysls

Bccau‘;c the repair cost amounts to only 2% of the rcp]accmcnl cost (both cxciudmg
lraf fic dnsmpImn costs) repair is much the more cost-effective oplion,

2.4 Cost/Benefit Analysis |

The Cost Benefit Analysis indicates that the repair work would enjoy a substantial
rate of economic return (EIRR of 43%) when one considers the *next best alternative’, which
is baswaliy diversions into the already overcrowded urban road network. Such a rcsull is not
* surprising when one considers that the bridge should still have a long life after its repair, and
when ong also considers the key rale that it plays in the urban road nctwork

A - 11



3. GENERAL CONCLUSIONS FROM THE ECONOMIC CASE STUDY

Buca Ust Gecit has suffered from a special problem of inadequate height clearance
for the bridge (poor design of the slip road) and lack of traffic management measures to cope
with drivers who ignore traffic warings. Increasingly, traffic management will need to be
addressed in Turkey.

The br;dgc itself has to be repaired becausc the costs of taking out of commission
such a sngmﬁcant picce of the vrban road network are huge for the Turkish cconomy becausc

.of the congestion costs which it would imposc on road users.
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ANNEX 2

E CO\IOMIC ANALYSIS CASE STUDY OF HILAL Il BRIDGE (lZMIR)
1. N’[‘RODUCTION AND BACKGROUND -

1.1 Background

; The Hilal I Bridge is localcd on State Rﬂad D 300, lcss than iwo kilomefres from the
commercial centre of Izmir, on the main road to Ankara, It is situated right within the urban
arca of Izmir, and broadly performs the function of an inner ring road. It carries out a dual
function of prowdm g a grade scparation with the railway which goes into the port of Izmir, as
well as a crossing of the Melezcayi River. Prior to Hilal 11, there was a level-crossing with the
rathvay and a much smaller bridge over the river. The road is a dual carriageway with three
lancs in each direction. The pavement is in good condition, and the road is estimated to carry
nearly 60000 vchicles per day over the bridge:

Table - A2.1 - Eslimated AADT 1996 at Hilal 11 (Izmir)

Vehicle Type Number Composition % | General Traftic Composition in

Yzmir %

Cars 27174 45.29% 58.00%

Buses 6858 -~ 11.43% 9.00%

Trucks 24672 41.12% 32.00%

Trailers - 1296 2.16% 1.00%

Tolal _ 60000 100 060% 100.00%

Sourcc Consultams Eslnnatcs derived fmm dlscussmns with KGM Izmlr Division

- _The Bndgc nsc]f is some 347 80 mc{rcs in lcnglh wnlh a carnageway width of 11.50 -

| © melres and sidowalks of 2.00 metres on cach carriageway. The bndgc took over from a level
: cn:)ssmg on the railway and a small road bridge across the river, ‘which is now a footbridge.

The Bridge crosses the Melezeayi River which varics in width between 4 and 13 metres (but
under the bridge is a typical flow of 30 metres), and has a dcplh varying between 0.30 and
1.70 metres. The bridge averages some 4.00 metres above the river bed, The bridge was

: chIgncd 10 a specification of AASHTO H30-S24. (30 tonnes on the first two axles - fractor
* truck - and 24 tonncs on subscquent axles). It is a reinforced concrctc bndgc of simple beam
conslruction,

R ' Bmll in 1990, the Hital 11 Bndgc has pmvxdcd only § ycars of service. THis now
 suffering from the ASR reaction, and remedial work s necessary.

1.2 The futuve for the road
Traffic is already substantial on the road because of ils important intra-urban

function. With the rapid urban growth and the rapid growth in vehicle ownership, it scems
likely that the road will continue to play an important role in the total urban network. Indeed,

AG -~ 13



P
]
N e

full capacity is likely to be reached within five years. Teaffic on the bridge is basically

travelling

- between the centre of Izmir and in the dircction of Ankara, Manisa and Karsiyaka
- between Ankara, Manisa, Karsiyaka and Aydin
- general intra-urban traffic

Whilst teaffic is likely to continuc to grow on the road, the capacity of the fotal urban
network will be increased by the

- the motorway 1o Aydin running to the cast and south of the piesent 1oad

- the new inner urban freeway from the Halkpinar Interchange through to the Port,
and possibly in the longer ferm (10-15 years) continuing around the bay to link to
the Izmir-Cesme Motorway.

: Forecasts of traffic along the Hilal 11 bridge are based upon an estimate of 60000
AADT in 1996 and forecasts of future growth with the following growth rates through o
2014:-

Cars 10.0%

Buses - 60%
Trucks 6.0%
Trailers C.5.9%

The detailed assessment of the capacity of the road and thus the bndgc indicates that
fulf capacity will be reached even providing scrvice to a }cvel ’F’ by the year 2000

. Underneath the road runs the railway, which has about 140 movements per day
Most of these movements are by relatively small passenger trains serving suburban areas. The

* long and heavy cargo frains tend fo opcratc at night. The small urban passenger trains
~ + gencerally require the iwo level crossings ncar the bridge lo be closed for between half a
" minute and one minute. With around ten movements per hour thc roads arc closed for about

5-7 minutes per hour,

The raitway would continuc to get priority even in the advent of the closurc of Hila)

- I1. Consequently , congestion would be exacerbated not only

- by the lack of bas:c road capacny with the withdrawal of the supply by Hilal If, but
also :

- by the lack of a gradc scparahon for the rallway whlch would enforce closure of o
somc key roads for about 10% of the time. '

1.3  Proposéd Reinedial Works

“The Bridge requires Tepairs to alt parts affected by the ASR attack. These ¢an be done

_without closing {hc bridge, but it would be necessary to have two lane operation as opposed to
three ane for some of the time 1o reduce vibration. Repairs would include
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- r¢pairs 1o coluning - - o L : ?
- repairs 1o crossbeams
- repairs to abutments

The costs of the rehabilitation \i'orks ate cstimated at US$340000, which is some
12% of the costs of replacement (US$ 2760000).

2, "ECONOMIC ANALYSIS
2.1 Evaluation

'In this casc study the cconomic asscssmcnt relates o a relatively simple situation in
terms of cvaluating the cost-cffectivencss of a repair against a replacement,

2.2 Altem'ativé detours

At this moent in time there is no reason to assunce that it would be necessary to ?g?
closc the Hilal 11 bridge for repairs. However, should closure be necessary, it would be
essential to

- cither to organisc the work so as 10 use the parallel carriageway bridge. Of course,
* this would imposc considerable congestion costs in an urban situation.
- or to use other detours which would involve using nearby urban roads, and would
also result in considerable congestion,

23 Cost-Effectiveness Analysls

Because the repaic cost amounts to only 129% of lhc replacement cost (both cxcludmg
traffic disruplion costs) repair is much the more cost-effective option. The NPV of the repair

- oplion including traffic disruption costs is estimated at US$ 1.3 million, compared with

- US$ 2.6 million for the replacement cost, assuming thal all traffic disriiption costs can be
" avoided by building the replacement a!ongszdc of the existing bridge, Probably, this is an:

- unrealistic assumption. | L

2.4 Cost/Benefit Analysis -

_ The Cost Benefit Anaiysrs indicalcs that the repair work would enjoy a substantlal
- rate of economic refurn (BIRR - 24.5%) when one considers the *next best aliernative’, which
s b'is:cally diversions into the alrcady overcrowded urban road nciwork. Such a rcsult is nof
' surprising when one considers that the bridge should stilt have a long life after its repair; and
- when ong also considers the key role that it plays in the urban road network,

3. GENERAL CONCLUS[ONS FROM THE ECONOMIC CASE STUDY

Hilal 31 has suffered from an exceptional aterials problem in that the ASR réaction
in the concrele appears to have been exacerbaled by sand materials from a paslicular source. Il -
would appear that this type of problem can only be overcome by suitable specifications on
materials to be used in the future.
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% “Fhe bridge itsclf has to be repaired because the costs of taking oul of commission
such a significant picce of the urban road network are huge for the Turkish economy because
of fhe congestion costs which it woutd imiposc on road users. Basically , road congestion costs
make an cconomy less competitive in a global world market place.

A,
"M "
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ANNEX 3

ECONOMIC ANALYSIS - CASE STUDY OF BABADAT BRIDGE

.  INTRODUCTION AND BACKGROUND

1.1 Background

The Babadat Bridge is located on State Road D 200, some 45 kilometres south west of
Polatli and 15 kilometres north west of Sivrihisar, on the main road from Ankara going towards
various towrs to the west including Eskisehir, Antalya and Izmir. The road is a two lane paved

road in good condition carrying the following two way traftic:

Table - A3.1 - AADT 1993 at Babadat Bridge

Vehicle Type Number Composition % | General Tralfic CDmpﬂSlllon in

- Tzmir %

Cars 2082 40.73% 44.00%

Buscs 1249 17.06% 12.00%

Trucks 2677 36.56% 38.00%

‘Frailers 414 5.65% 6.00%

Toftal 7322 100.00% 100.00%

Source: KGM Transport and Cost Analysis Division

'Fhe Bridge itself is some 25.20 metres in length, with a carriageway widih of 8.50
metres and sidewalks of 0.75metres, The Bridge crosses the Babadat River which varies in width
between 2 and 18 metres, with a deplh between 0.8 and 2.5 metres. The Bridge is 4.0 metres

above the river bed. The Bridge was designed to a specification of AASHTO H20- S16. (20 long

tons on the first two axles - tractor truck - and 16 long tons on subsequent axles). It isa
- reinforced concrete bridge of continuaus constriiction,

Built in 1964, it has provided 31 years of service bul it is now at the end of its economic
life untess urgent remedial action is taken. In fact, replacement may be necessary.

| 1.2 The fiture for the road

Traflic is growing rapldly on the road. Probably, it will need to be a dual camageway
within a few years. Most of the traflic is travelling between Ankara and the longer distance points
stich as Bursa and Eskischir, Antalya and Tzmir. The construction of a motorway on this route

“looks likely in time. Also the realignment of the road appears to be a possibility. The detailed
assessment of the capacity of the road and thus the bndge indicates that a dualling to provide a
level of service of 'D' standard would be necessary in 2000, requiring construction in 1999. To
meet a'C' level of service, dualling is already required now in 1995, The road is heawly used by
trucks.
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13 Proposed Remedial Works

The Bridge is now in a dangerous condition. Ifnothing is done, it is likely to collapse in
the next three to four years. Urgent action will have to be taken.: This action will include:-

- replacement of columns
- replacement of slabs

| The bridge will have to be closed, and road service will have to be provided by a

temporary bridge. The costs of repair are estimated at US$ 52000, approximately one third of the
replacement cost. (US$ 155000). Repatrs would take approximately 100 days.

2. FCONOM 1C ANALYSIS
2.1 Different Evaluations
In this case study the economic assessment can relate to:
- Immediate repair work. This will entait building a témporary bridge whilst the main
bridge is repaired
- The building of a parallel bridge to accommodate a future duallmg of the road. Thento
catry out the repair of the existing bridge

2.2 Alternative detours

Tn the event of the closure of the Babadat bridge, there are no obwous alternative
routés. The most likely possibility would be a local detour perhaps requiring some special

- improvements to accommodate the traflic. For the purposes of the economic analysis of the -

alternative detour’ we have used a notional figure of an additional distance of 2 kilometres,

" Rerouting on the main road network would result in detours in the 10-20 ktlomelre rangc
~ depending on the route wanted by the traflic.

i 23 ‘Cost-Effcctiveucss Analysis

The cost-eftectiveness zinaiysis indicates that replacement is in fact a better option than
rehabilitation when the costs of temporary bridge diversion and 1raflic disruption are taken into
account. This assumes that replacement construction work would be organised so as not to incur-

either diversion or disruption costs. The replacement bridge would be built alongside the e\us{mg_

bridge. On completion the traftic would bc rerouted to the new bridge.

The Cost Benefit Analysis indic’at'es‘ that the repair project (even with the diversionand
disruption costs) enjoys a substantial rate of economic return (EIRR 30.6%) against the 'next
best aliernative’. When compared with the notional detour of 2 kilometres, the EIRR rises to
some 167%. -

The economic rate of return on the project rises again'if it is possible to delay the project
through to 1997, such that the new bridge is built in 1997 and the existing bridge is repaired in
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1998. Such an approach does take the risk of the bndgc becommg unusable. A more prudent
approach might then be to build the new bridge in 1996 and repair the existing bndge in'1997.

3. GENERAL CONCLUSIONS

This bridge is typical of small bridges on the main arterial roads. It has provided a
reasonable economic life to date (31 years) but faults in the original workmanship at the time of
constriction mean that the remaining life is now no more than a few years. Such a bndge would
certainly be closed in many countries as bemg lmsafe

Because of the poor state of t_h'e bndge,’ repairs aré quite costly. In addition, because of
the high level of traflic, diversion and disruplion are also quite costly. However, the need to dual
many of these arterial roads means that a real opportunity opens up to minimise these diversion
and disruption costs by building the new bridge in anticipation of dualling and then repairing the
existing bridges.

Ideally, KGM should have a programme for building bridges in advance of dualling.
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ANNEX 4 |
ECONOM:IC ANALYS]S - CASrl?, STUDY OF SELYERI BRIDGE (SAII\ISI;IN)
1. INTRODUCTION AND BACKGROUND
1.1 Background
The Selyeii Bridge is located on Route D010 (State Road, Devlel D10), some 15

Kilometres cast of fhic centre of Samsun, on the main road between Samsun and Trabzon. The
bridge could be described as near the urban fringes of Samsun. The road is a dual carriageway

" with three fanes in the castward direction and two lanes in the westerly direction. The bridge

that is the subjcct of this case study is the bridge carrying fraffic in the westerly direction into
Samsun city. The road is paved in good condition carrying the following two way traffic:

Table - Ad.1 - AADT 1993 at Selyeri Bridge (Samsun)

Vchicle Type Number Composition % Gencral Traffic Composition in
_ _ Samsun %

Cars 5175 64.66% 54.00%

Buses 683 : 8.53% _ 10.00%

Trucks 2001 25.00% 33.00%

Trailers - 144 1.80% : 3.00%

TOTAL 8003 100.00% 100.00%

Source: KGM Transport and Cost Analysis Bivision, and Planning Division

‘The Bridge itselt is some 21.70 mefres in length, with a catriageway width of 8.00
metres and sidewalks of 0.80 mictres. The Bridge crosses the Selyeri River which varies in .
width bétween 13 and 20 metres (with a typical flow of 15 melres), with a depth between 0.2

' and 1.85 metees. The Bridge is 3.1 metres above the river bed. The Bridge was desigued to a

specification of AASHTO H20-S16. (20 tonne on the first two axles - tractor fruck - and 16
tonnes on subsequent axles) : :

It is a reinforced concrete bridge of simple beam conslﬁtclion, bul parts of the bridge
incorporate the orginal stone bridge. Built around 1960, the bridge has provided 35 years of
scrvice, mostly as a two directional bridge. The parallel dual carriageway bridge was built in
1990.

1.2 The futute for the road

Traffic is growing rapidly on the road. Already it is a dual carriageway at this point,
Most of the traffic is going to the various lowns along the Black Sca Coast. Some fraffic is
international traffic going thiough to Georgid and other towns in the former Sovict Union or
indeed in the Middle East, but it is not the main cntry point for the Middle East (c.g. Iran, .
Traq). The construction of a molorway on this route looks to be some years off, Indeed,
because of the ferrain, it would present formidable construction chaltenges.
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Forecasts of lfaffic along the road are as shown in Pagc 5. The defailed asséssment'of

ihe capacity of the road and thus the bridge indicates that a three lanc carriageway to provide a
level of service of C’ standard would occur arourid 2013,

1.3 Proposed Remedial Works

The remedial work will include:-

- repairs to girders

- repairs 1o slabs

- ICPairs to’ cxpansion joints

The bndgc will need to be cl{)scd bul necessary service can be provided by lhc _
parallcl carriageway bridge. The costs of repair are eslimated at US$ 37000 which represents
just 23% of the réplacement cost (US$ 162000).
2. ECONOMIC ANALYSIS
2.1  Dilferent Evaluations

In this case study the cconomic assessment really relates to two po’ss_ibiliiics:-

- Replacement as opposced to ichabilitation ,
- Widening to three lanes whilst rehabilitation work takes place.

2.2 - Allernative detours

“In the cvent of the closure of the this casc study bridge, then the parallel carriageway
~ would provide service, I, for any reason, this could not previde scrvice then a temporary
* bridge (concrete box culvcrl) would be rcqulrcd Allernative detours ar¢ difficult along this
coast but for the purposes of the alicrnative detour cconomic analysis, we have used a
notional detour of 2 kllomcircs

2.3 Cost‘Eﬂ‘cclivmess:Analysis

Despite the age of the bridge, it is still cconomicatly cost effective to carry out a
. repair. '

24 Cost Benefit Aitalysis
The proposcd mainlenance repair project dclwcrs an cconomic rate of return (EIRR)
* of around 26%(’next best alternative’). The *alternative detour analys.1s gives a higher rafe of
return of 55%. The deferral of capital expenditure approach gives an EIRR of Icss than 11%.
3. GENERAL CONCLUSIONS FROM THIS ECONOMIC CASE STUDY
- The gencral conclusions from this case study are that the repair project can be

delayed for some time and at a later date, say in the early 2000s, the repair project would cam
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a higher rate of cconomic refurn, This corictusion assumes that the traffic docs not buitd up 100
rapidly so thai the costs of diverting to the olher carriageway become excessive. The bridge is
in a periutban position and thus the question of traffic and traffic disruption costs would need
1o be kept under continual review.

If the repair can be planncd for the cariy 2000s, then it may be advisable to
coordinate the repair with a widening of the road to three lanes.
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ANNEX S | _
ECONOMIC ANALYSIS - CASE STUDY OF AKCAY BRIDGE (SAMSUN)
1. INTRODUCTION AND BACKGROUND
1.1  Background

The Akcay Bridge is located on State Road 'DlOIO, some 8 kilomcltcs west of Uniyc,
and some 76 kilometres cast of Samsun, on the main road between Samsun and Trabzon. The

road is a two lanc paved road in good condition carrying the following two way traffic:

Table - AS.1 - AADT 1993 at Akcay Bridge (Samsun)

Vchicle Type |  Number Composition % General Traffic Composition in
. Samsun %

Cars 5175 64.66% 54.00%

Buscs 683 8.53% 10.00%

Trucks 2001 25.00% 33.00%

Trailers 144 1.80% 3.00%

TOTAL 8003 100.00% 100.00%

Sourcc: KGM Transport and Cost Analysis Division, and Planning Division

‘ - The Bridge itself is some 106,90 metres in Iength, with a carriageway width of 8.40
metres and sidewalks of 0.80metres. The Bridge crosses the Akcay River which varics in

- width between 4 and 13 metres (but with a typical flow under the bridge of 50 metres), with a
' depth between 0.30 and 2,10 metres. The Bridge is 4.1 metres above the rivet bed. The

Bridge was designed 1o a specification of AASHTO H20-816. (20 tonnes on the first two

- axles - tractor truck - and 16 tonnes on subscquént 'lxlcs)

Bu:li in 1961, it has prowdcd 34 years of service, Itisa reinforced concrcte bridge of
continuous Gerber consiruction. It is thought to have replaced a stone bridge. The joints
{Gerber) arc now in very bad condition.

1.2.  The futwre for the yoad

Traffic is growing rapidly on the road. Most of the traffic is going 1o the various -
towns along the Black Sca Coast. Somic traffic is international traffic going through to Georgia
and other towns in the former Sovict Union or indeed in the Middle East, but it is not the main

“entry point for the Middle East (¢.g: Jran, Irag). The construction ‘of a motorway on this foute
looks to be some years off, Indeed, because of the terrain, it would prosent formidable

“construction challenges. Paits ef the road are already duvalled and, and indeed this part of the
road ought to be dualled now if a scrvice provision at the level "D’ is to be met. It looks
cerlain that dualling will be required by the year 2001,
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1.3 Proposed Remedial Works
“The remedial work to the bri'dgc will include:-
- tepair of the hinge part of the Gerber scction (jack up girder, put in steel plate and
new concrete)

- repair of deck stabs (epoxy injection), and repair of expansion joinis

The damagé to the bridge is largely put down 1o poor workimanship at the time of
conslruction,

The bridge wdl nced fo be closed dunng repair and a femporary bridge bt to deal
with the traffic. Whilst the ditect costs of repair are modest (US$ 78000), the divession and
disruplion costs are substantial (US$ 73000) as traffic has 1o be diverted across a newly builf
temporary bridge.

2.  ECONOMIC ANALYSIS

2.1  Different Evaluations
In this case study the cconomic as:scssmcnt relates 10 two possibililif:zs:-
- Replacement as opposced to rchabnhlahoﬁ

- Adding a second bridge in anticipation of dualling and then repairing the existing
bridge.

22 Alternative detouws

" Long dxstancc detours ate ¢ difficult for this road, being a coaslal road. A nohonal
altémative detour route of 2 kilomeires was used in the *alternative detour” cconomic analysis.
The next best alternative’, again nolional, was a Icmporary more flimsy struclure as would be
uscd fora temporary brlclgc during conslruchon :

23 Cost Eﬁ‘cctiveness Analysis

Despite the age of the bndgc it is still cconomically cost effective to carry out a
rcpalr However, the considerable growth in traffic atong the road, not least because of the
opening up of lic border with Georgia, mdlcatcs that duallting will have to take place within
the next five or Slx years. The best solution is 10 build the dualtcd bridge first, within the ncxl _
three to four years, and then effect the repair on the present bridge. '

2.4 Cost Benefit Analysis
The proposed maintenance project delivers an cconoynic rate of retuen (FIRR) of

around 31%.(’next best aliernative’). The *altcrnative defour analyms gives a high rate of
return of 92%. The deferral of capital expenditure approach gives an EIRR of 20%.

T AB - 24



3. GENERAL CONCLUSIONS FROM THIS ECONOMIC CASE STUDY ' ?

The gencral conclusions from this case study are similar 1o those of the Babadat
Bridge (Sce Annex 3). The coordination of a programme of bridge repairs with a programme
for dualling the arterial roads is likely to lead to considerable benefits for the Turkish
Economy.
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ANNEX 6
ECONOM IC ANALYSIS - CASE STUDY OF KOPARAN 1f BRIDGE (SAMSUN)
1.  INTRODUCTION AND BACKGROUND
1.1 Backgreund
~ The Koparan Il Bridge is Jocated on Statc Road D 785, some 16 kilometres south
wes! of Corum, on the niain road between Samsun and Ankara, The road is a two lane paved

road in good condition carrying the following two way traffic:

Table A6.1 - AADT 1993 al Koparan 11 Bridge (Samsun)

Vehicle Type Number Composition % | Gereral Traffic Composition in
' _ Samsun %

Cars 1286 38.61% 54.00%

Buses 612 18.37% 10.00%

Trucks 1337 40.14% : 33.00%

Trailers 9% 2.88% | 3.00%

TOTAL - 3331 100.00% U 100.00%

Source: KGM Transport and Cost Analysis Division

The Bridge itsclf is some 2‘? 45 metres in length, with'a carrlagcway width of 8.20
metres and sidewalks of 0.80 metres, The Bridge crosses the Koparan River which varics in
width between 4 and 35 mefres (with a typical flow of 15 metres), with a depth between 0.50
and 1,10 metres, The Bridge is 3.1 metres above the river bed. The Bridge was designedtoa
specification of AASHTO H20-S16. (20 tonnes on the fnrsl two axlés - tractor truck - and 16
tonnes on subscqucnt axlcs) : :

~Built in 1977 it has provzdcd 18 years of service. ll isa rcmforccd concrete bridge of

" simple beam construction.

1.2 The future for the road

Tratfic is growmg on the road as the main link bclwccn the Black Sca towns and
Ankara. The road is likely to be dualled wnlhm 10-15 ycars Conslrucl;on of a motorway looks
to be some distance in the future.

- Forccasts of tiaffic along the road arc based on fraffic growth at the following rates s
through 10 2014:-

Cars 10.0%

Buses 6.0%
Trucks 5.0%
Trailers 4.9%
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Average 7.4% _ | S %‘

The detailed asscssment of the capacity 6f the road and thus the bridge indicates that
a dualling would occur in 2008 at service level ’D’,

1.3  Proposed Remedial Works
‘The remedial work will include:-
- repairs to the girders and slabs
The brldgc will necd to be clcscd fo traffic and a lcmpcrary diversion brldgc built.
The costs of repair are cstimated to be US$ 32000, approximately 20% of the replacement
costs (US$ 162000). However, diversion costs would amount to US$ 73000.
2. ECONOMIC ANALYSIS :._g—,

2.1  Different Evaluations

‘In this casc study the economic asscssment relates to a tradeoff between tepair and
replacement

22 Alternalive detours

The "next best allernalive” is a temporary more flimsy structure as would be used for
a femporary bridge during construction. An alternative detour route using the main road
network would invelve dclmtrs of more than 10-20 kilometres, indeed 18 kilometres via
Alaca

23 ‘_Co'st-Efi‘ectiveness Allalysfs' |

| Thc cost- cffccuvcncss analySis indicates that rcpair is a more cnst cffective option
than replacement. ,

e

2.4 Cost Benefit Analysis

- 'The Coét Benefit Analysis indicates that the repair project eamns a rale of return of
nearly 17% (EIRR -’next best alternative”) but that this rate of return increases if the projecl is

. j dc}aycd through to the carly 2000s, say 2004, By then it may well be worthwhile tying in the
o rcpa:r of the bridge with the dualling programme for the road.

The alternative detour ‘approach gives a much hlghcr rate of refurn at ncarly 80%,
whist the deferral of capital cxpenditure approach gives a modest relurn at nearly 7%. The
reason for this low return on this method is that the project is premalure if carried out in 1996
and would be beller carried out in the early 2000s.

AG - 27



3. GENERAL CONCLUSIONS FROM THIS ECONOMIC CASE STUDY
From thls case study the gencral conclusmn can be reached that some of the repairs

can {vaxt for some years. Also, the conclusion is reached that yet again the repair programme,
where the closure of the bridge is necessary, should be linked with the dualling programme.
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ANNEX 7
ECONOMIC ANALYSIS - CASE STUDY OF ASAGI CAKALLI BRIDGE (SAMSUN)
1.  INTRODUCTION AND BACKGROUND
1.1 Background

The Asagl Cakalli Bndgc is located on State Road D795, some 30 kilometres soulh
west of Samsun, on the main road between Samsun and Ankara, The road is a dual
carriageway, cach with two tanes. The bridge which is the subject of the casc study is the
north west bound dircction towards Samsun. Interestingly, this is ‘the more rccently
constructed bridge of the two but workmanship during construction was so poor that it is the

onc that is afrcady in difficulty. Indced the quality of workmanship was so poor that it could
be described as unacceptable.

The pavement is in good condition and carricd the following two way traffic:

* Table - A7.1 - AADT 1993 at Asagi Cakalli Bridge (Samsun})

[ Vehicke Type Number | Composition % | General Traffic Composition
: in Samsun%
Cars 3820 50.68% 54.00%
Buscs 899 11.93% 10.00%
Trucks 2676 35.50% 33.00%
Trailers - 142 1.88% -3.00%
ol | 7537 | 100.00% 100.00%
Source: I{GM'Trans'pon and Cost Analysis Divisibn :

The Bndgc its¢If is some 71.55 metres in lengih, with a carnagcway width of 8 S0
~ metrés‘and sidewalks of 0.80melres. The Bridge crosses the CakaHi River which varies in
" widih between 4 and 13 metres 9(with a typical flow of 10 metrcs), with a depth between 0
and 3.15 metres. The Bridge is 12.05 metres above the river bed. The Bridge was designed to
a specification of AASHTO 1120-S16. (20 tonnes on the first two axles -tractor fruck - and 16
. tonnes on subsequent axles}).

Built in 1986, it has provided only 9 years of service. It is a reinforced concrete
bridge of simple beam construction,

1.2 'The future for the road
‘Fraffic is growing on the road as the main tink belween the Black Sca lowns and

- Ankara: The road is already dualled. Construction of a molerway looks to be some distance in
the future.
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. Forccasts of teaffic along the road arc as shown in Page S, The detailed asscssment of
the capacity of the road and thus the bridge indicates that full capdcity would be reached in
about 201272013, Tripling the carriageways may be necessary by the Year 2008.

 The Expccted average annual growth rates for traffic along this road arc al the
following level:-

© Cats 10.0%
Buses 6.0%
Trucks 5.0%
~Tiailers o 4.9%
- Total 8.1%

1.3  Proposed Remcdial Works
The remedial work will include:-

- repairs to the gicders and slabs
- repairs to the columns and abutments

The bridge will nced to be closed but service can be provided by the parallel
carriageway bridge with traffic control being introduced. The costs of the rchabilitation works
arc estimated at USS 153000,

The dis'ru'plion costs in using the parallel carriageway are considerable especially as
the traffic builds, Indeed it looks as though the repair will have to be dene by 1999 to avoid

* the disruption costs becoming cxcessive. :

2. ECONOMIC ANALYSIS

2.1 ° Dilferent Evaluatios

In this casc study, the cconomic assessment relaics 1o a tradeoff between repair and
replacement. : '

2.2 Alternative detowns

“In the cvent of the closurc of the Asagi Cakalli bridge and the inability 10 use the
paraltel bridge because of the traffic levels, then the alternative route would probably be
through Asarcik, which involves a 13 kilometre detour. ' :

However, these altcrnative roads are in relatively poor condition (road surface and
curvature). They would provide an expensive alternative for the road users (increased time
and vehicle operating costs) and for the agency, KGM, in that deterioration on these other
roads is tikely to enforce considerable repair work. No attempt has been made to calculate
these costs but infuitively they appear fo be considerable.
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23  Cost-E fl'cctlvcness Analysm

The poor conditicn of the bridge and the nccd to repalr by i999 meanis that planping

for repair should commence fairly soon. The proposed repair cost {(excluding disruption cosis)

is some 36% of the replacenient cost (US$ 430000), but it imeans that it is still cost-effective to

make the repair even when the costs of disruption 1o road users are included. The costs of
traffic disruption arc high and build up quickly as Tepair is delaycd

2.4 Cost/Benefil Analysis

The Cost/Benefit Analysis indicatés that the EIRRs are vety ‘well above the
opporlunily cost of capital (12%). For example, using the avoidance of the alternative detour
via Asarcik (an extra 13 kilometres) as the measure of the benefits of the preject gives a very
large EIRR approaching 300%. Using the deferral of capital expenditure as the measure of the
benefit of the mainicnance pioject gives the lowest ratc of retirn at around 14%. Whilst the
measure of using the “next best alternative’ gives an EIRR of more than 100%.

‘The cconomic return for the project is exceptionally good because it is urgently
necded and a good number of years of useful life can be achicved for the repalr oullay.
Because the Asagi Cakalli bndgc crosses a deep raving it means that the cconomic benefits
being delivered by the bridge are high when one considers the alternative of having to drive up
and down a steep ravine in order to cross by a miore modest bridge.

3. GENERAL CONCLUSIONS FROM THE ECONOMIC CASE STUDY

‘The key general conclusion that arises from this case study is 10 note that the costs of
traftic disruption can be very great as onc pushes traffic on onc camagcway onto another
carriageway. The scale of the traflic dlsrup!lon costs become a major faclor in determining the
timing of the repairs.
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ANNEX 8

ECONOMIC ANALYSIS - CASE STUDY OF GELINCIK BRIDGE

1. INTRODUCTION AND BACKGROUND

1.1 Background

~ The Gelincik Bridge (formerly known as Ivyan Sogukpinar} is localed on State Road
D 010, 6 kilomeires cast of Surmene, and 42 kilometres cast of Trabzon, en the main road
between Trabzon and Rize, cacrying onto the former Sovict Union country of Georgia, The
road is a two lanc paved road in good condition carrying the following two way traffic:

Tablc - A8.1 - AADT 1993 at Gelincik Bridge

Vehicle T ype Number - Composition %. | General Traffic Composition
‘ i in Trabzen %
Cars 3339 69.93% 70.00%
Buses 340 7.12% . 7.00%
Trucks 1048 21.95% 22.00%
| Trailers 8 1.00% 1.00%
Total 4775 100.00% 100.00%
Source: KGM Transport and Cost Analysis Division

“The Bndgc itself is some 32.50 mclres in length, with a carriageway widthof 8.5
mefres and sidewalks of 1.30 metres. The Bridge crosses the Sogukpmar River which varics

* in width between 2 and 18 melres (but under the bridge a 30 metre flow is typical), with a

depth between 0 ang 1.2 imctres. The Bridge is 4.25 metres above the river bed. The Bridge

~ was designed to a Spccaflcahon of AASHTO H20-S16. (20 tonnes on the first two axles -

tractor truck - and 16 tonies on subscquent axles). it is'a reinforced concrele bridge of simple
beam constraction. H is positiened alongside and downstrcam of the old bridge which was
built fifty years age and saw 25 years of scrvice before it was decined 100 small, being
basically single lane.

* Built in 1970, the Gelincik Bridge has provided 25 ycats of service. With modest
fepairs, it is assumed that it can provide a fusther 25 years of service.

1.2 The futire for the road

Traffic is growmg rapidly on the road largcly becatise lhc road is now serving as an

~importanl connection to the former Soviet republic of Georgia. Whereas, for several decades

there had been nb social or cconomic contact between Turkey and Gcorgla such confact is
now beginning to develop, Probably, there will be a need for a dual carriageway within 5-15
ycars, though dualling is a problem because of the scarcily of land along this coastal road, and
because of the ficree wave action of the Black Sca. Profection from the sca waves will inake
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the dualling of the road rclatively costly. The construction of a molmway on Ihls parlicular
atigniment looks to be many years off because of the difficult coastal Icrram

Forccasts of lraffic along Ihc road arc as shown on Pagc 5. The detailed assessinent of
the capacily of the road and thus the bridge indicates that a dualling to provide a level of
scrvice of D would occur in 2004,

The Bridge now requircs maintenance repairs, These cani be done without closing the
bridge, but it would be necessary 1o have smglc lanc opcration for some of the time. Repairs
would include

- rcpalrs 1o a girder
- fepairs 1o some slabs

The basic problem with the bridgc ré]atc_s to poor workmanship at the lime of
construction. The costs of rectifying the work is estimated at US$ 57000 and would take some ,T
250 days. . 2

2. ECONOMIC ANALYSIS
2.1 Evaluation

In this casc sludy the cconomic assessient sclates 10 a rclalivcly simiple situation in
terms of evaluating the cost-cffccliveness of a repair against awaiting a rcP!accmcn! when the
road comes to be dualled.

: The proposed rcpalr costs amount to 30% of the rcplaccmcnl cost {US$ 189000} of a

bridge, and should enable the existing bridge to complele a uscful cconomic life of fifty years.

Dualling maybc as much as ¢ight 16 tcn years away at service level D, and would probably
be far more than the snnplc replacement cost because of the difficulty of putfing the sccond

o carnngcway on lhc scaward side of the current bridgc Such a new bridge would probably

" require significant piling, carlhworks and armouring agains! the wave actlon of the sea.
2.2 Alternative detours

At this moment in time there is no reason to assume that it would be necessary to
" close the Gelincik bridge for repairs. However, should closurc be necessary, there are two
possub:lmcs

c1) To use thc old bridge, now fifty years of age and upslrcam 'of the present bridge. This
- option would probably invelve having to move the tea- collection warchouse and use
part of the school playground. It would be a cumbersome solution (single lane
bridge). It would probabl) be costly cspcc;ally if the C(}Dperallﬂn of the school and
the tea collcction centre is not forthcoming. Also the otd bridge would have to be
checked to ensure that it could carry the Toads. :

AG - 33



2) To build a temporary bridge of *bailey’ bridge type on the downstream side of the
existing bridge. We have not costed this diversion but it would be expensive because
of the need for piling and carthworks. The other alicrnative is 1o go upstccam but then
this would nccessitate taking down some of the buildings, and this would be
expensive.

More distant detours are not feasible becausc of the pature of the road as a coastal
road.

2.3 Cost-Effectiveness Analysis

The cost-cffectivencss analysis indicates that repair is the best option up until 2001 by
when it becomes more cost-cffective to build a replacement, assuming that this is physically
possible without creating traffic disruption costs. Repair without closing the bridge creates
very considerable traffic distuption costs because it will be necessary to operate traffic
controls on a single larie. The disruption costs risc rapidly through time as the traffic increascs.
(Sec Appendix 2.3)

2.4 Cost/Benefit Analysis

The cost/benefit analysis inciicalcs that the EIRR for the scpair project is around 15%
It is a modest rate of return compared with many repair projects because the total costs of the

_praject are quite considerable in relation te the costs of replacement. The EIRR rises if the

project is delaycd some 3 or 4 years bui not so tong as to create severe fraffic congcshon
prablems when it is repaired.

: Using the concept of the notional detour as the alternative ( some 2 kilometres) gives
an EIRR of 45%, whilst the dcferral of capilal approach gives a low return of nearly 7%.

_ On balance the return is above the opportunily cost of capital but the cosls arc
rclallvcly high (direet repair plus fraftic dlsruptlon) whllsl the futurc ccommm life is
relatively short. -

‘3. GENERAL CONCLUSIONS FROM THE ECONOMIC CASE STUDY

This bridge is a typical bridge in this coastal location. This cra of bridges took over
from the previous cra of road bridges, which had scen 25 years of service, when it was clear
that a one lanc bridge was no longer appropriate for the traffic. The bridges provide a high
level of economic benéfit in view of the difficulties in finding allernative detour routes.

However, cconomic development means that a dualling of the main road in some
paits has alrcady taken place. More and more will be duatted lhrough the years, Traffic
disruption costs will be high along this coastal road, making it essential 1o integrate the
planning of bridge maintenance and the dualling of the road. If this is done well, the
oppnrtumllcs for savings in traffic disruption costs will be considerable, gaining sngmﬁcanl
cconomic benofits for the Turkish cconomy.
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ANNEX 9
FCONOMIC ANALYS!S CASE STUDY OF SARDERE BRIDGE (ANTALYA)

1. INTRODUCTION AND BACKGROUND

1.1 Background

" The Sarderé Bridge is located oni State Road D 650 some 40 kilometres south of -
Dinar on the Afyon 1o Antalya Road. I is a two lane paved highway in good condition
carrying the following two way traffic:

‘ Table - A9.1 < AADT 1993 on the Sardere Bridge (Antalya)

Vehicle Type Number Composition - Gerieral Composition of
- _ Percent | Traffic in Antalya %
Cars 079 720% 65.00%
Buscs 338 1.67% 6.00%
Trucks 1927 43.76% - 28.00%
[ Trailers 60 1.36% 1.00%
TOTAL 4404 100.00% 100.00% N
Source: KGM Transport and Cost Analysis Division

The Bridge itself is some 43.15 metres in length, with a carriageway width of 9.50
‘metres and sidewalks of 1.60 metres. The Bridge crosses the Sarderesi River which varies in
‘width between 1.5 _and 18 metres (lypicaily S metres flow), with a depth between 0.2 and 1.5
- metres, The Bridge is 5.6 metres above the river bed. The Bridge was designed to a
specification of AASHTO H20-S16. (20 fonnes on the first 2 axles - tractor truck - and 16
: lonncs on subscqucnl axlcs) .

_ " Built in 1985, it has provu!ed only 10 ycars of scrvice. Itisa rcmforced concrete
bndgc of simple beam construction,

" 1,2 The future for thic road

Trafﬁc is growing on the road as the main link belween Ankara, and indeed between
" Istanbul and the Mediterrancan coast around Antalya. Traftic is growing ‘rapidly and the road

. will no'doubt be dualled within ten to twenty years, Construction of & molﬂrway looks to be

© some dlshncc in the future,

Thc delailed assessment of the capacity of the road and thus the bridge indicates that
“dualling would be required as follows:-

* Operating at scrvice level C 1998
Operaling at service level D 2004
Operating at service level E 2009
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The cxpccicd rates of growth for the traftic are as follows:-

Cats  12.0%

Buses 5.9%
Trucks 5.0%
Trailers 4.5%

Total 9.7%
1.3 - Proposcd Remedial Works

“The bridge is now in a dangerous condition and will become unusable in onc or two
years. The remedial work will include:-

- replacemcent of slabs
- replacement of expansion joints and girdeis.

“The bridge wilt have to be closed, and service wil have to be provided by a
temporary bridge. The costs of the repair works arc estimated at $36000 but a further $88000
will have to be spend in providing a termporary bridge.

2.  ECONOMIC ANALYSIS

2.1 Different Evaluations

In this casc study the cconomic asscssment relates to a trade-off between repair and

" teplacement.

2.2 Alternative detbul‘s

Detours would require a snnp}c icmporary bridge and mdccd Ihcrc are dclour
possnblhhcs downstrcam of the bndgc - :

© The simplcsl solution to the problem of bridgc clasure is to bhild a temporary

concrete box culvert bridge across the river whilst repair works arc carricd out o the main

bridge.
2.3  Cost-Effectivencss Analysls

_The condition of this bndgc is poor and its likelihood of bcmg unusable w:thm 102
years means that action cannot be delayed. Because the proposed repair cost (cxc]udmg
dlsruphon costs) is only 12% (US$ 36000) of the replacement cost (US$ 290000), it means
that it is cost—cffcctwc to make the repair even when the costs of disruption to road users arc
included. The costs of traffic disruption arc relatively modest because traffic levels arc not so
high as to create considerable traffic congestion problems.
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24 Cost/Benefit Analysis

The proposcd repair costs amount 10 only 12% of the seplacement cost (US$ 290000)
of the bridge, and should enable the cxtsling bridge to complete a useful economic tife of fifty
years. Dualling maybe as much as nine ycars away at service level D, and conscquently it is
premature to build a parallcl bridge to dcal with future dualling.

The Cost/Benefit Analysis indicates that the EIRRs are welt above the opporlumiy
cost of capital (12%). For cxample, using the avoidance of the alternative detour via nearby
roads (an extra 1.5 kilometres) as the measure of the benefits of the project gives a very large
EIRR in cxcess of 600%. Using the deferral of capital expenditure as the measure of thie
benefit of the maintenance project gives the lowest rate of EIRR at around 23%. Whilst the
measure of using the next best allernalive gives an EIRR of nearly 41%.

_ The ecoenomic return for the project is good because it is urgently nceded and a good
number of years of uscful life can be achicved for a modest repair outlay.

3.  GENERAL CONCLUSIONS FROM THE ECONOMIC CASE STUDY
A principal prablem for the bridge relates to the management of the river regime, -

which should b¢ co-ordinated with the management of the aggregate removal operations in the
river bed.
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ANNEX 10

ECONOMIC ANALYSIS - CASE STUDY OF CANDIR HASANPASA BRIDGE

(BURSA)

{.  INTRODUCTION AND BACKGROUND

11 Background

_ The Candir Hasanpasa Bridge is located on State Road D200, some 14 kitometres
south east of Inegol, on the main road between Bursa and Eskischir, ‘The road is a two lanc
paved road in good condition carrying the following two way traffic:

Table - A10.1 - AADT 1993 at Candir Hasanpasa Bridge (Bursa)

Vehicle Type Number Composition % | General Traffic Composition |

| . in Bursa %

Cars 1939 B 471.85% 59.00%

Buscs 207 T511% 75.00%

Trucks 1733 42.71% 34.00%

Trailers 173 4.27% 2.00%

Total 4052 100.00% 100.00%

Source: KGM Transport and Cost Analysis Division

‘The Bridge itsclf is some 113.85 metres in length, with a carriageway widih of 8.5
metres and sidewalks of 0.95 metres. The Bridge crosses the Candir River which varies in
width between 4 and 13 metres (typically 10 mietres flow), with a depth between 0.2 and 2.5
metres. The Bridge is 4.5 metres above the river bed. The Bridge was designed to the
Amcrican specification of AASHTO H20-S16. (20 tonncs on the first two axles - tractor teuck
: and 16 tonnes on subsequent axles). It is a reinforced concrete bridge of simple beam.
construction. - '

~ Builtin 1972, it has provided 23 years of service but it is now at the end of its
cconomic life unless urgent remedial action is taken.

1.2  The future for the road

Fraffic is growing rapidly on the road. Probably, it will nced to be a dual carriageway -
within five to tcn ycars, though dualling is a problem between the bridge and Bozuyuk - '
because the road passes through a selatively narrow gorge. Most of the traffic is travelling
between Bursa and Eskischir, both of which are major industrial towns. The consiruction of a-
motorway on this routc looks to be some years off because of the difficult terrain through the

gorge.

Forecasts of traffic along the road arc as shown on Page 6. The detailed assessment of
the capacity of the road and thus the bridge indicates 1hat a dualling to provide a level of
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scrvice ot‘ ')’ standard would occur by the ycar 2003 and ;ndccd to meet C slandard
dualling would be rcqmrcd by 1997 -

The prcctcd average annual growth rales for traffic a!ong lhls road are at lhc
following levek:-

Cars 12.0%
Buses 2.9%
Trucks 8.0%
Trailers : 7.9%

Total - 10.1%

The high rates of growth for the truck and frailer ttaftic reflect the industrial growth
patterns in Eskischir and Bursa.

1.3 Proposed Remedial Works

Thc Bndgc isnow ina dangcrous conchlmn If nolhmg is done, it is likely to collapsc :

in the next one or two rainy scasons. Urgent action will have to be takcn This action will
include:-

- replacement of columns
- icplacement of slabs

The bridge will have to be closed, and service will have to be provided by a
temporary bridge.

The basnc problcm w;lh 1hc bndgc relates to scour of columns by the river. Iti is
: poss:b!c that a significant factor in this scour problem will have bccn played by the guarrying
~* works in the river bed upstreain, and the collap';c downstream of a weir. The costs of the
7 rchabihlatmn works are cslimated at US$ 117000
2. ECONOMIC ANALYSIS
2.1 Different Evaluations

In this case study the cconomic assessment can rclatc 1o a number of different
. passnblhues These can be considered to be:-

- the nnpacl of an actual collapse, which looks tobca serious posmblhly

- immediate repair work. This will entail building a temporary bridge whilst the main *

bridge is repaired
- the building of a parallcl bridge to accemmod'iic a fulure dualling of the road. Then
to carry oul the fepair of the existing bridge.
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22 Alternative detours

- Intlic event of the closure of the Candir Hasanpasa bridge, thére are alternative routes
which could be censidered, including:-

- the secondary road threugh Pazaryeri
- an allernative route via Yenischir and Bilecik.
- an alternative route via Domanic and Tavsanli (for Kutahya traffic)

" However, these aliernative roads arc in relatively poor condition (road surface and
curvalure). They would provide aii expensive alternative for the road users (increased time
and vchicle operating costs) and for the agcncy, KGM, in that deterioration on these other

" roads is likely 1o enforce considerable repair work. No attempt has been made to calculate

these costs but intuitively they appear to be considerable,

The simplest solution fo the problem of bridge closure is to build a temporary
concrete box culvert bridge across the river whilst repair works are carricd out to the main
bridge.

2.3  Cost-Effectiveness Analysis

The dangerous condition of the bridge and its likelihood of collapsing within 1 to 2
years means that action can not be delayed. Because the proposed repair cosl (excluding
dlsrupllon cosls) is only 17% (US$ 117000) of the replacement cost (US$ 702000), it means
that it is cost-effective to make the repair cven when the costs of disruption to road users aze
included. The costs of traffic distuption are relatively modest because traffic levels are not so
high as 1o create considerable traffic congestion problems. -

24 Cost/Beneit Analysls

~ The proposcd repair costs amount (o only 17% of the replaccment cost (US$ 702000) :
of the bridge, and should cnable the cxisling bridge 10 complete a'useful economic lifc of flfty _
ycars. Dualling maybe as much as cight ycars away at service level °D?; and conscqucnll) itis
premature to build a parallel bridge to deat with futuce dualling: However, if it is intended fo
dual at service level *C?, then if would be worthwhile to rapidly build the parallel bridge.

The Cosl/Benefit Analysis indicates that the EIRRs are well above the opporlumly
cost of capital (129%). For example, using the avoidance of the alternative detour via Paza}cn
(an exira 2 kilometics) as the measuse of the benefits of the project gives a very large BIRR in
excess of 600%. Usmg the deferral of capital expenditure as the measure of the benefit of the
maintenance project gives the lower rate of EIRR at around 39%. Whilst the mcasure of using
the *next best alternative’ gives an EIRR of nearly 33%. :

The cconomic return for the project is good because it is urgently necded and a good
number of years of useful life can be achieved for a modest repair outlay.
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‘3. GENERAL CONCLUSIONS FROM THE ECONOMIC CASE STUDY T

The bridge urgently requires attcntion and can be made good for a fraction (17%) of
* the cost of a new bridge (US$ 702000). Collapse, which is imminent, would create an
extremely expensive situation for the Turkish economy because traffic levels are substantial,
and collapse would cnforce a combination of long distance diversions and temporary adjacent
diversions, all of which arc costly for the road uscrs.

~ Urgent repair has to be undertaken, The altcrnaf_ivc is to urgently proceed with a
parallel bridge in anticipation of dualling the road. But it would be necessary to cnsure that
the paratlel bridge can be built before the existing bridge coltapses. Of course, a new parallel

~ < bridge costs three times what a repair will cost.

"The principal problem for the bridge relates to the management of the river regime,
‘which should be co-ordinated with the management of the aggregatc removal operations in the
river bed. ' §
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INSPECTION SHEET

Environmental and Natural Conditions

No. /

X E
W

vy R’Cﬁg Grevnd v

[ Date: Srp2c 27, 98 | Time 77 20447 Weather.  Closndley
Bridge Name: _Sicen ol 7eced Bridge No: A /~305 —~02~2
| KGM Division No.: .2 . Arca: /S ahir
Teaflic Volume cavy Medium,Light Scarce Approach Gradient
Lanid Use  Urban Suburban Riral, Farming, Others R >
Topography | Piain, filly Mountainous, Valley, Coastal :
, - e _ Lch Bank
a)Schoot, b)Hospital, c)Mosque, Down
d)Cenietery, e}Historical rclics, Stream
f}Others '
- (‘_}p Up Siream
a)Office Building{b)&partment Down
Buildingf{c)Houses, d)Shops, Stream . /4/?/145‘-0-0
g)Factories, NOthers
: _ L Up Stream /A e A
_ a)Forest, b)Trees, c)Barren, d)Desert, | Down o o
Environmental | ¢YWild animals, f)Birds, gYOthers Stream s
Conditions ‘ _ _ - \’-’ _
: : : .1 Up Stream
a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down s '
e)Insects, NOthers “Stream -
: 3
Up. Stream T B
Farmiog: ' _ Doun — _
a)Fruit Trees, b)Cereals, Stream A h A
c)Vegetables, d)Live Stocks, e)Others |~ < T
— _ : Up Stream ' .
Walter Clearness: Ciear, opaque, muddy, brown, mix-sewage{no water. )
Riverbed Material: Sill and ctay, sandy, gravel, rock, solid waste.
Current Velocity: misec | Scouring: .
Plan & Outcrops Section of Topography, River & Geology
River and
Ground
Conditions

Remarks: - l/,g,,y. ;&wy{/yf/(/
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INSPECTION SHEET =~ 8
Environmental and Natural Conditions |
| No. <

Date: | Swpr 2. *f’.f‘ | Time: /. <8 447 Weather: -2 /s o/ip

| Bridge Nawme: A4, /fa/~ 2L Bridge No; 4/ — 2002 —&
KGM DivisionNo.: . == - Arca:  SZmi s
Traflic Volume _{Heayy - Medium,Light,Scarce Approach Gradient:
LandUse. = |(Ustan Suburban,Rural,Farming,Others TR L
| Topography (Platn Hilly,Mountainous, Valley Coastal = LTy
el - » _{ Left Bank | Right Bank
a)School, bHospital, cMosque, | Down |- Sedes/ | .
d)Cemetery, c)Historical relics, | Stream ,go.rf,a{_ 4
NOthets _ o o
| ' .1 Up Siream e '
a)Office Building, b)Apariment Down S _ o
‘Building, ¢)Houses, d)Shops, Stream Alonseo Yo reto
¢)Factorics, f)Others - :
. : _ Up Stream / MJM . X E.{_?,
a)Forest, b)Trecs, ¢)Barren, d)Desert, | Down - - %
Environmental 1 ¢YWild animals, f)Bitds, g)Others Stream - : :
Corniditions : . _
. : Up Stream - : —
a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down )
e)Insects, NOthers Stream e -
Up Stream = : -
Farming: Down —
a)Fruit Trees, b)Cereals, Stréam -
YVegetables, d)Live Stocks, )Others . —
| Water Clearness: Clear, opaque, muddg k_ wh{ihix-sewagd ng \Later. .
| Riverbed Material:(Sill andclag. §nd (eravel) rock (s _ '
| Current Velocity: & & g/t - mlsec | & unnJg: '
Plan & Outcrops , _ | Section of Topography, River & Geology '
e -'fji”’ﬁ’:m f moa.
| River and | Q-"'{"z‘z_ N \ ‘[”:']l u - ﬁ—- - ig’
Ground ' -—}‘ﬁj - T E——- . e EOEESS]
Conditions sl T 5 , JS

.——?

B ——r ——,_ﬁ—a-—:‘—"'_—"‘“{‘*"t e y}
| “;@.f V2 TR ﬁw/-fm'z:’i‘"zs |

Remarks:
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'INSPECTION SHEET
- Environmental and Natural Conditions

; Y
e | | | No. 3
Date: Dzal. 2 | Time: STz Weather: Fr 1€ E

Bridge Name: . /Aecocle =7 7 Bridge No: A/ — 2P0 ~24 ("
KGM DivislonNo.: -2 _ | Arca: L2 _
Traffic Volume Heavy, Medinm {ighl)Scarce - Approach Gradient:
Land Use Urban, Suburban,iural Earming,Otheis i . aleismn .__..}f?ﬁ& -
Topography Plain,Hilly, Mountainous,Valley,Coaslal / .
R . .| Left Bank | Right Bank |
a)School, b)Hospital, c)Mosque, Down '
d)Ceémetery, e)Historical retics, Stream — -
0Oihers .
: , : Up Stream —
a)Oftice Building. byApartment Down
Building, ¢)Houses, d}Shops, Stream e -
e)¥actorics, NOthers :
: Up Stream = -
_ a)Forest, b)'l_“rees, c)Barren, d)Desert, | Down o
Environmental | €)Wild animals, [)Birds, g)Others Stream -—
Conditions N
. _ ' Up Stream -~
a)Swampy, b)Grass, c)Fish, d)Birds, | Down .
e)insects, )Others Stream = ' —_
; | Up Stream '
Farming: Down . o
a)Fruit Trees, b)Cercals, Stream WM AN ‘UM
¢)Vegetables, d)Live Stocks, ¢)Others ' R .
Up Stream “f" 2
Water Clearness: Cleary-opaque, muddy, brown, mix-sewa g(_o walen;)
Riverbed Materiak Silt and cla},(' ndy) gravel, rock, solid waste.
Current Velocity:  ~— mkec . | Scouring: —
Plan & Outcrops - _ Scchon of Topography, River & Geo!ogy
Rivet and l e s _.Mé»l
Ground A P?rax 2. i:w. wldg,
Conditions .
iver Plasn’ 75 Ak
Remarks:
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'INSPECTION SHEET

Environmental and-Natural Conditions

| No ¢

Weatﬁer

V«?”b ree

 Date: (260" /ﬂ A 1 Time, <. SD o, '
Bridge Name: ,De)r&«-k Bndge No: & -202-00 -¢
KGM DivisionNo.: <2 JUY ,&ar\ra\
Traffic Volume Heavy,Mediump/Light,Scarce Apptoach Gradient
Land Use Usban Suburban Rural, FarmingOthers. | - I ‘fﬁ-z_ _________
Topography ~KPlain Hilly Mounlainous, Valley,Coastal :
It N E | Lefi Bank lRighlBank
a)School, b)Hospital, c)Mosque, Down .
d)Cemetery, e)Historical relics, Stream T —
fjOthers : o .
Up Stream . ' ==
a)Office Building, b)Apartment Down — s
Building, ¢)Houses, d)Shops, Stream /wfbl’ ? - 1%—«.rw
eYFactories, DOthers :
- = Up Stream — 74
_ _ . | 8)Forest, b)Trees, c}Barren, d)Desert, | Down - : -
Environmental | e)Wild animals, f)Birds, g)Others Stream — )
Conditions o
. : Up Stream -
a)Swarrpy, b)Grass, ¢)Fish, d)Birds, Down
¢)insects, fjOthers Stream “‘” —
Up Stream s -
Farming: - Down —_—
a)Fruit Trees, @ Stream
c)Vegetables, d)Live Stocks, e)Others . 7y .
Up Steea_L_/ 7/
Water Clearness: Clear, opaque, muddy, brown, ﬁnmmo wated, A
Riverbed Material; Silt and clay(sand}) gravel, Tock, ﬂ_@mst) . '
Current Velogity: = 2. misec | Scounng: o Calearn. FooXy
Plan & Oulcrops Section of Topography, River & Geology ‘
B
-4—:{'—«]%
: e
| River and 3E s _ é,d;
Ground : = &~
Conditions : EEZ[ &S‘Y A<
dow 630 TS
Tade\/ . 4
i faw L
= B !
; Sho | R JE
. | A 630w PlRe Papthid
2 GOV rﬂ“\h- C‘lI, — ERRERH
e A SN e @
Elouu- l;fm e El} EX3
Remarks:
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INSPECTION SHEET
Environmental and-Natural Conditions

No. ™

e o Clogotsy

Dalc SW Qj [ Time: /. 22/ Weather;
Bridge Name: o tbaclal - Bridge No: 44 ~200-/0-%/
KGM Division No.: £ ” Arca: A yon
Traflic Volume Heavy, Medmm’ nght}Sca Apptoach Gradieny;
land Use | Usbag Suburban,Riral \Earminp)Others - _ ﬁ@ A
Topography (Plain Hilly Mountainous, Vafley,Coastal :
- o - “Left Bank [ Right Bank
-a)School, b)Hospital, ¢)Mosque, Down '
d)yCemetery, ¢)Historical relics, Stream - =
f)Others _ o
. : Up Stream -
a)Office Building, b)Apariment Down
Building, c)Houscs, d}Shops, Stream - —
¢)Factorics, DOtheis
Up Stream - o
a)Forest, b)Trecs, ¢)Barren, d)Desert, | Down
Environmental | e}Wild animals, )Birds, g)Others Stream T "‘
Conditions
: - : Up Stream T .
a)Swampy, b)Grass, ¢)Fish, d)Birds, Down
¢e)Insccts, f)Others Stream . —-
Up Stream T -
Farming: Down
a)Fmil’gI‘rccs, b)Cereals, Stream oot A Ae J
¢)Vegelables, diLive Stocks, ¢)Others W Z
Up Slream e '
Waler Clearness: C]the muddy, brown, mix-sewage( no water. )
Riverbed Material(Silt and (:Iay,‘gandy1 pravel, rock, solid waste,
Current Velocity: e : mlsec | Scouring:
Plan & Cutcrops Section of Topography, River & Geology
River and :
Ground :
Conditions /DMZLomé . m{u«?‘
Lo c—h—bamﬁ, on Ay}\/
x s
. LAY ”~
'.‘“—"*x | C
. Tegh srme.
Remarks: ~
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INSPECTION SHEET | 3
Environmehtal and-Natural Conditions o
| | No. 4

Date: - Sesl <% T Time: @ -7 Weather: C/.:m‘.ﬂ.y-\,ia/;c

Bridge Namie: Sesdy 24/ - Bridge No: 4R~ 270~ /6~ Z
KGM DivisionNo.: 7 77 _ TArear  d&mbees.
Traffic Volume Heavy, Mediym Light Scarce Approach Gradient:
Land Use | UrbanSuburbanReral Farming Others L evrrrr et e
Topography 3 Clz_[gin,})il_ly.Mc»uhtainous Valley,Coastal L N
: : & Left Bank | Right Bank
a}Schoo! b}Hosplial ¢)Mosque, -+~ | Down ; _ :
d)Cemetery, ¢}Hislorical relics, - Stream —
f)Others 1 N _
L . o Up Stream . : -
a)Office Buildirig, bYApartment | Bown - o = s
Building, c)Houfes, d)Shops, Stream Honge. | DS/ gFre.
eYFactories, f)Others : - —
: '| Up Stream __' .
a)Forest, b)Trees, ¢)Barren, d)Desert, | Down . . __' ‘ - 'l%}
Environmental | ¢)}Wild animals, Birds, g)Others - Stream ' - oo ‘ :
Conditions — : .
. » . . Up Stream 7/’ ) o -
a)Swampy, b}Grass, ¢)Fish, d)Birds, Down ' : :
e)Insects, )Cthers Stream " -
Up Stream N
Farming: Down
‘a)Fruit Trees, b)CercaIs : Stream _"' : =
c)YVegelables, diLive Stocks, e)Others : L
; : Up Stream — ;;H’ﬂ' ~r
Water Clearness: Clear, o , Opaque brown, mix-sewage, no water. M
Riverbed Material: Silt and clay(Sandy, raxel rock, solid wasle. ‘
| Currenl Velocity: T/ nmilec | Scouring: . va '
Plan & Ouicrops .= | Section of Topography, River & Geology
River and 1% FRC‘WP( ? 1o {égf
Groiind | bsz. . (:b
Conditions . A t\j X —
Z_Jsz““ 1)
e }» I
_5 .‘» Y \ R
r-/ﬁ lﬂ ok
l __&‘9}91 Py .4
Remarks:
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“IN SPECTION

SHEET

Envuonmental and Natural Conditions

No. 7

Clonetes v Fr?l &

[ Date: _.S"é/l?' &2, ,‘?d"l Time: S oA Weather:
Bridge Name; A;é:cwx Bridge No: A/ &7 ~~F—/2
KGM Division No.: 7 Area: N mSzen
Traflic Volume  ~ H___vx,(ﬂedwmg;iggthcarce .| Approach Gradient:
Land Usc .| Uthan,Su Suburbad Rural)farming,Othess . | oo
Topography @Iamjillly,Mouma:nous Valley,Coastal _
: ' ; = Lef Bank | Right Bank
a)School, b)Hospital, C)Mosquc. Doxm
d)Cemetery, e)Historical retics, Streant T T
fOthers .
. ' Up Stream -
a3)Oflice Building, b)Apariment Down
Building, ¢)Houses, d}Shops, Stream - ==
c)Factorics, [)Others -
Up Stream - -
a)Forcst b)Trecs, c)Barren, d)Desert, | Down . . .
Enviconmental | ¢)Wild animals, )Birds, g)Others Stream WIZTA) 7;’4&:5
Conditions .
.| Up Stream i or
a)Swampy, b)Grass, c)Fish, d)Buds Down
e)Insects, N)Others “Stream A —
I Up Stream - -
Farming: -] Down
a)Fruil Trees, b)Cereals, Strcam - -
c)Vegetables, d)Live Stocks, e)Others — ——
Up Stream
Water Clearness: Clear opaque([ﬁizddy,ﬁroxm mix-sewage, no water,
Riverbed Material: Sill and clay £andy, Bravel, rock, solid waste.
Current Velocity: - ./~ O, 2 mfsec | Scouring: -
Plan & Oulcrops ' Seclson of Topography. River & Geology
River and
Ground
Conditions
Remarks:
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INSPECTION SHEET
Environmental and Natural Conditions

No. }

Daic:

' J‘e;azf 28

T Time: 47 -‘;5‘:9)4/‘7 |

Weather; . S 1€

Bridge Namc: ﬂeré}#f'o A —

Bridge No; Af?-/ﬂ"- /7“)

KGM DivisionNo.: 72~ L L Area: Sranyen ]
Traflic Volume Heavy, Medionflight Bearce Apptoach Gradienl:
Land Us¢ 1 uban&tburban,Rurat,Farming,Others e " e
' Topography : EFlain,gillj,ﬂib'ﬁn!ainous.Vallej',Ceasial L L
R - Lef Bank 75 72#r | Right Bank
a2)School, b)Hospital, c)Mosque, Down — - _
d)Cemelery, ¢)Historical relics, Stream —
f)Others _ :
. _| . Up Stream . N
2)Office Building, b)Apartment Down o w7
Building, c)Houses, d)Shops, Stream MJ ey wfé;tfnueo
¢)Factlories, f)Others .
' Up Stream o
| a)Forest, b)Trecs, c}Barren, d)Desert, | Down
Environmental | eYWild animals, DBirds, g)Others Stream i -
Conditions o
Up Stream T
a)Swampy, b)Grass c)Fish, d)Blrds Down
¢)lnsccts, HOthers Stream T —
Up Stream - -
Farming: - Down -
a)Fruit Trees, b)Cercals, Stream T -
cyVepetables, d)Live Stocks, €)Others :
§ , Up_Strearn o E" il
Water Cleamness: Clear, epaque, mudd)1 brown, mix- sewage ‘No water. . v
Riverbed Material: Sill and clay, sandy, gravel, rock, solid waste, e
Current Velogity; mifsec | Scouring: ]
Plan & Quicrops | Section of Topography, River & Geology
River and
Ground
Conditions
i Antedin - e
Eborbment
Remarks:

A7 - 8




INSPECTION SHEET

Euviromnéhtal and Natural Conditions

Weéthc:

A7 - 8

Dale: @at X | Time: // '\5': DA A e
Bridge Name: éda.?" é:faz" Bridge No: L= 7007 2t
KGM Division No. = . - Ared: < ) ¢B Mot ]
Traffic Volume Heavy, Medium i 'hl;BCmcﬁ. ‘Approach Gradient:
Land Use 1, Subutban(Rora)Farmipk Others e s e i e e
Topography PIathlly,Moumamous Valley,Coaslal - .
[ _ bt Left Bank | Right Bank
a)School, b)Hospital, c}Mos‘.quc Down :
d)Cemetery, e)Historical retics, Stream = -
fjOthers
. . . . Up Stréam T ™
a)Office Building, b)Apariment Down
Ruilding, ¢)Houses, diShops, Stream " -~
e¢)Factories, f)Others
- Up Stream - - s
_ aYForest, byTrees, c)Barren, d)Desert, | Down —
Environmental | eYWild animals, )Birds, g)Others Stream "“
Conditions —
.| Up Stream -
a)Swampy, biGrass, c)Fish, d)Birds, Down
eMnsects, HOthers Stream i -
—
- Up Stream -
Farming: . Down '
a)Fruit Trees, b)Cercals, . Slream @W ' &’rw :
c)Vegetables, d)Live Stocks, e)Others i ' :
‘| Up Stream il 4
Water Clearncss: Clear, opaque, muddy, brown, mix-sewage, no water, L~
Riverbed Material: Silt and c!ay! sandy, gravel, rock, solid wasle, —
Current Velocity: m/sec {1 Scouring: o
Plan & Qulcrops ' Sec!ton of Topography, Rncr & Gecrogy
/7/7 ~Over
River and . i3e
Ground =
Conditions Shean N TJK
= _ ¥ :
Sy b4 [ s
“SS‘“‘ B
RN
Farn 31
el dukaloh
Remarks:




lNSPECTlON SHEET
an:ronmcntal and Natlnal Condmons

No. &

Wealh'e:

Datc: Se,g?‘ 28" | Tie: PN An b’&rq he
Bridge Nam¢. PMA_ Ao Bridge No: . <1/~ /00 ~/7~ .j"
' KGM Division No.: o Area: N2l
Traffic Volume ] Hca @edmm%tgh 1,Scarce Approach Gradient:
| Land Usc Urba aiba(Rural Farming Others . o
Topography Plaif HillyyMountainous, Valley,Coastal . N
‘ = B Left Bank .| Right Bank .
a)School, b)Hospital, c)Mosque, Down :
d)Cemelcry, e)Historical relics, Stream = =
§Others .
' . . Up Stream — —
a)Ofi¢e Building, byAparimént Down ' _
Building, ¢)Houses, d)Shops, Stream — =
¢)Factories, BOthers S
Up Stream - -

_ a}Fom st, b)Trecs, c)Barren, d)Desert, | Down ) :
Environmental | ¢)Wild animals, )Birds, g)Others Stream - =
Cenditions — e

. : : Up Stream
a}Swampy, byGrass, ¢)Fish, d)Birds, - § Down
ejlnsects, NOthers Stream - o
Up Stream " . :
Farming: Down ' :
a)Fruit %rees, b)Cercals, - Stream Yiver ‘3 ! d'& RANZA 19(42
c)Vepetables, d)Live Stocks, e)Others E LA o 7 eXs &EW
. : Up Stream P . )
Water Clearness: Clear, opaque, muddy. mix-sewage,\no waier, o
Riverbed Material: Silt and clay, sand k, solid waste.
Current Velocity: o " mfsec . | Scouring: . —
Plan & Oulcrops Section of Topography, River & Geology
River and
Ground
Conditions
Remarks: N

A7 - 10 |



INSPECTION SHEET
Environmental and Natural Conditions
No./”/

Date:  Seatd 26 lTamc e 32 ,mw Weather: . L/2ry A20€.
Bridge Name” A& goaran 1L Bridge No: 71 /& = 2 od 2,
KGM Division No.: 7 Area: Copuene- T
Traflic Volume l{eavy@edmm Ligh} Scarce Approdch Gradicm:
Land Usc L J.lrbamSu‘STbar(ﬁural)amung,Olhers e e— e
‘Topography — {(Plain Hitly,Mountainous, Valley,Coastal ‘ . '
S - | Left Bank | Righi Bank
2)Schoot, b)Hospital, c)Mosque, | Down _ 3 '
d)Cemitéry, e)HlszoncaI relics,’ " | Stream — ST
)Others
Up Stream T -
a)Office Building, b)Apénmenl " | Down
Building, c)Houses, d)Shops, Stream '"" -
e)Factories, f)Others )
= Up Stream - —
-| a)Forest, b)Trees, c)Barren, d)Desert, | Down —
Environmental | e)Wild animals, HBirds, g)Others Stream T
Conditions : o
_ | Up Stream T _m
a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down ‘
e)Insects, f)Others Stream = ~
Up Stream h— -

- Fatming: Down - :
a)Fru:l'gI‘rces b)Cereals, Steeam Cer ‘z"& (preely
c)Vegelables d)Live Stocks, €)Others

Up Stream ’2\ o r
Waler Clearness: Clear, opaque, muddy,bmwnlmm-sewage( no water.)
| Riverbed Material: Sill and clay, sandy(gravel, Jock, solid wasle.
 Current Velocity: ““mfsec ' | Scouring:
Plan & Qutcrops Section of Topography, Rm:r & Geology
River and : : A o
1 Giound /Q""d’? MP e /T
Conditions *
Tmm%vmw
§W0!( BtUQ«V o w:de. P,a(m
Remarks: :
! et ﬁ,&g Ir st _

A7 - 11



INSPECTI

Environm'ental and

ON SHEET
Nat_ural_Cohditions |

397 28

- No';/Z |

<1

Dater [ Time: /(S0 me Weather: Lere, /A€
Bridge Namc: Hﬂ&/%&d‘& g Bridge No: A A2 Lo &
K GM Division No.: 7 e, Area: D PR
Traffic Volume | Heavy, Medium, Ligh Scarce ~ | Approach Gradient:
Land Use - Utban,Suburban Rural Farming,Others Bl R
Topography KCPlain iﬂly.Mountamous Vailcy,Coaslal L ' e
_ . Left Bank | Right Bark
a}_School, b)Hospital, c)Mosquc, ‘ Doxm .
d)Cemelery, c)Historical relics, Stream . =
HOthers —_—
: - Up Stream —
a)Office Building, b)Apatriment Déwn —
Building, c)Houses, d)Shops, Stream - B
e)Faclones NOthers ——m
Up Stream - -

. a)Forest, b)Tre-cs ¢)Barren, d)Deseti Povwn — —
Environmental § €)Wild animals, QBirds, g)Others Stream N
Conditions _ ——

_ Up Stream -
a)Swampy, b)Grass, c)Fish, d)Birds, Down’ — —
elnsects, NOthess Stream

Up Slream L ol
Fanming: Down t{ of
| a)Fruil Trees, b)Cercals,. - Stream
¢)Vegelables, d)Live Stocks, e)Others
Up Stream /‘d\ é
Water Clearness: Cl ' water,)) -
Riverbed Matenal: Silt sandy)grascl tock, solid waste,
Current Velocity: — miec | Seouring: -
Plan & Oulcrops 3 N Section of Topogtaphy, Rwer & Geology
| Lt - . |
~ S T Rosst FUAS /Zf/mﬁ@ A

River and ' S PR 4 L /’/?//v vl freconso
Ground ? ?) .?r . \ _ , .
Conditions : ' o‘h,:féfn\) ,@ﬂb,é,c/,,,é,mg,v‘i .

W L oidTH ST
Remarks:

A7

- 12



INSPECTION SHEET
Environmental and Natural Conditions
| No./>

Daic: gzt s

| Time: P2 &$A47 Weather: [ Alrey Forr8
Bridge Name! A 3&a/ Caklalle | Bridge No: AL - TAS /S o
KGM Division No.: 7. —— Arca: - Cpraesn -
Traffic Volume ‘| Heavw?Medivm,Light Scarce -Approach Gradient:
Land Use _ Urban, Suburban(Rural Farming, Others R B pee A
Topography Plain Hilly Mounlaihous)Valley, Coastal g N . C
o e Left Bank | Ripht Bank
a)School, byHospital, c)Mosque, Down i - —
d)Cemetcry, e}Hpistorical relics, Stréam - 7 oS ft -
f)Others
: L Up Stream "_*' -
a)Office Building, b)Apartient Down
Building, ¢)Houses, d)Shops, Stream - —
e)Factori¢s, f}Others :
' ' - Up Stream — Aseses
a)Forest, byTrees, c)Barren, d)Desert, | Down - -
Environmental | &)Wild animals, NBirds, g)Others Stream T W¢e.
Conditions
. . . Up Strcam T -
a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down
e)nsects, fOthers : Stream b ——
i Up Stream . -
Farming: Down
a)Fruit Trees, b}Cercals, | Stream - -
c)Vegetables, d)Live Stocks, ¢)Others .
'E_:' - N Up Stream é)&"”g— -
Water Clearness: Cleat.{opaqu dy, brown, mix-scwage, no water, ' o
| Riverbed Material: Silt an% cla% sandy gravel) rock, solid waste.
Current Velocity: T- <. miec | Scouring: . N
Plan & Outcrops Section of Topography, River & Geology
= 5N LN
a //_T’B A :
River and _ Wl/d/y
{ Ground Zw
Conditions o
ANIC
-
L
PAite
Remarks:

A7 -

13




INSPECTION SHEET
Environmental and Natural Conditions

;NO.I/.‘%

| Weather: =

o

Date: . Jaef. 2/ | 1ime: #2: 20 ALt ferig Z7ne
Bridee Naific:  AZanrels _ Bridge No: 4R%~pr/0-~+9~7 5
KGM DivisionNo.:. /2 .. Arca: ~Zrod Son
Traflic Volume Heavy{(Medium Pight,Scarce Approach Gradient:
‘| Land Us¢ _| Usban(Suburbap,Rural,Farming, Others e e e —
‘Topography _ Plam ﬂly,Mountamous Valley Coaslal .
Lefl Bank | Right Bank
a)School b)llospalal c)Mosque Down - .
d)Cemetery, e}Historical relics, Stream -
fiOthers - .
_ , L Up Stream : e
a)YOffice Building, b)Apartment Bown : - —
Building, <)Houses, d)Shops, Siream Arseo /ﬂbﬁ'}(
e)Factories, fjOthers : . ; g '
' _ | up steeam * | Le. Aene Aviioed
| aYForest, bYTrees, c)Barren, d)Desert, | Down :
Environmental | e)Wild animals, f)Birds, g}Others Stream . - .-
Conditions
Up Stream . -
a)Swampy, b)Grass, ¢)Fish, d)Birds, Down
e¥lnsects, fOthers Stream o -
- | UpsSiream "“ -
Farming: Down
a)Fruit Trees, b)Cereals, Stream T =
c)Vegetables, d)Lne Stocks, e)Olhers .
| Lp-Stream "“‘
Water Clearness: Clear opaque mudd{,_brownhix-sewage, no water.
Riverbed Material: Silt and clay,(sapgg{éra\e) D rock, solid waste.
Curzent Velogity: . T2t Aa . mifsec | Scouring:
Plan & Oulcrops " | -Section of Topography, River & Geo!ogy
River and \ HDPf\ ?" “
Ground
Conditions pzp._ﬁ,n_
oY a% Lol
RT o ‘“’1
‘rfa Mud shls
Remarks:

A7 - 14



INSPECTION SHEET

Environmental 'and-Na_tm'hl Conditions

No./{”

Weather:

ey Sone

Date,  Sead of | Time :2 /J“pzw
Bridge Name:” 722,9;{..4&1 Bridge No: AL-8/0 - 20 -0
KGM Division No.: & . 3 Area: Jradaon
“Teaffic Volume Heavy, iuﬁ}ighl,Scarcc _ Approach Gradient:
‘Land Usc UrbanBuburbanRuralFarmingOthass, | i : psserinatgenertine
| Topography Plain Hilly, Mountainous, Valle%,Coastal ) : N
N i Lefl Bank [ Right Bank
a)School, b)Hospital, c)Mosque, 1 Down :
d)Cemetery, e)Historical relics, Stream no -
NOthérs [ N
L o : Up Stream - ]
‘a)Office Building, b)Apartment .| Down
Building, ¢)Houses, d)Shops, Streamn oo C -
¢)Factories, DOthers -
Up Stream hD nse Ao S @
: o a)Forest, b)Trees, c)Barren, d)Desert, | Down
Environmental | eYWild animals, f)Birds,; g)Others Stream - -
Conditions o
_ . Up Stream "'
a)Swampy, b)Grass, c)Fish, d)Birds, | Down
e)Insects, HOthers Stream o -
Up Stream - —
Farming: Down
a)Fruil Trees, b)Cereals, Stream o =
¢)Vegelables, d)Live Stocks, e)Olhcrs ) -
Up Stream -
| Water Clearness((:lqa;.,épaque mugl,_y brong, mix-sewage, no wWater.
Rivesbed Material: $ilt and clay(sandy) fravel Jrock, solid waste.
Current Velocity: oS “mfsec | Scouring:
Plan & Oulcrops Scchon ofTopography, Rwer & Geology
Tl =
River and Es) -n‘ do ‘*J‘“h— L{e ‘5 “ ,
Ground _ @94 - LA S b
Conditions AN bl
. &'U\tk 1 u,m’
[
N
&
. o Lo
i?'b/’;f"-'f} ANK
Remarks:

A7 -715



INSPECTION SHEET
Environm‘cntﬂl and-Natural Conditions

{ Time; .

Date: _ Yael 2/ ST IOOA Weather: 72 /%A_e,
Bridpe Name: . Daaﬁ»zrmendarﬁ Bridge No:- AAQ’ ~olo =22~/
KGM DivisionNo.: /. Area. "7 ralBosn.
Traffic Volume | icavy Medium,Light Scarce Appreach Gradienl: |5 o
‘Land Us¢ . Urban Suburban Rural,Farming,Others Askerve gm0
Topography. W:llh\loumamous Va!leyl(?oastal "
T Left Bank ] Right Bank
a)School b)Hospital, c)Mosque Down .
d)Cemetery, ¢}Historical relics, Stream ““ et
NOthers 4 _ o
' ] Up Stream » o
a)Office Building, b)Apartment ‘| Down '
Building, ¢)Houses, d)Shops, Stream C andd d-' —
e)Factories, f)Others - _ - :
, - Up Stream d -
a)Forest, byTrees, c}Barren, d)Desert, | Down ' :
Environmental | €)Wild animals, f)Birds, g)Others Stream Arms .77-&2.6
Conditions
| Up Stream i =
a)Swampy, b)Grass, ¢)Fish, d)Birds, - | Down
e)lnsects, HOthers Stream =" _
[ Up Stream - —
Farming: Down
a)Fruit Trees, b)Cercals,. Stream T -
c)Vegetables, d)Live Stocks, ¢)Others __
L =] Up Streain s 4
{_Water Clearness: Clear, opaqueyXpuddy, brown, mix-sewage, no water. '
Riverbed Material: Silt and clay, ngy ravel ock, solid waste.
Current Velocily: Az mlsec - | Scouring: -
Plan & Outcreps D Section of Topography, River & Geo!ogy
‘River and
Ground
Conditions
Remarks:

A7 16



INSPECTION SHEET
Environmental and Natural Conditions

Dalc: -53&;7 S5 | Tuﬁc J‘d;f” Do Weather, (/02 ¢ts

Bridge Name: © Zvym A):aa,@.amr Bridge No: AL - 070 -22-/
KGM Division No.; & v Area. e daoa..
Traffic Volume Heav¢, Medm'g),pgh;,Scarce Approach Gradient:
Land Use Urban, Suburbad Ryra)Farming Ot s T
Topography | Plain Hilly®Mountainous VallefCoaslal 3 ' . )
o e L Lefl Bank | Right Bank
a)School, bYHospital, c)Mosque, Down : _ :
d)Cenietery, e}Historical relics, .| Stream g —
[Othets : _
' ‘ L | Up Stream - e
a)Office Building, b)Apariment .| Down
Building, c)Houses, d)Shops, | Stream -- s
e)Factories, f)Others -1
a)Fores!, b)Tiees, c)Banen, d)Deserd, | Down
Environmental | e)Wild animals, NBirds, g)Others Stream - —
Conditions
Up Stieam - ~
a)Swampy, b)Grass, c)Fish, d)Di rds Down
eMinsects, NHOthers Stream T -
- _ Up Stream T -
Farming: Down
a)Fruit Trees, b)Cercals, Stream T \
c)Vegelables d)Live Stocks, e)Others , o .
Up-Stream i
Water Clearness. Cleat, opaque, nmdgggggrﬁ)_g&&%, no water,
Riverbed Material: Silt and clay sandy_Yravel, rock, solid waste.
Current Velocity: &2 G _m/sec__ | Scouring:
Plan & Culcrops o Section ofTopography. River & Geology '
River and !

"

. — heag
Ground b fvh i~ H_ M“\
Conditions - - { aﬂgé .
\[\L'\ FXHPN —~
MNFa a9,
K_ - e -f-

{0\}0: n:’ )

— =

l_.' _.___.-——f-;’_-_._.._.,..__.———(

'.;:‘1 { (N

Remarks:

A7 - 17



" INSPECTION SHEET . &
Environmental and Natural Conditions

.No/g

Date: g)‘_qef’ 20 | Time: 4.2,&,0/!& ] Weather: -z ne / Sroul s
Bridge Name: _ J‘a,f’ ) Bridge No: - A& a/0~22 -6
KGMDivisionNo.: /@ . N Area: FredBaen.
Traflic Volume Heavy{Meqlmmhl Scarce Approach Gradient:
LandUse | Urban Suburbax(ﬁra}“armmg,om o ' o L
Topography | Plain Hiliy Mountainous, ValleyfCoastal _ o L
N ) ' et LeflBank - | Right Bank
a)School, b)Hospital, c)Mosque, ‘Pown o
d)Cemetery, e)Historicat retics, . | Stream . T :
f)Othcrs ' ' -
| Up Stream . e
a)Oﬂ' ce Bm!dmg, b)Apanmem Down ' : .
Building, c)Houses, d)Shops, "| Stream - : -
eYFactories, fOthars — ' )
| - Up Stream @M(nﬁﬂw - . 3
| a)Forest, b)Trecs, c)Barren, diDedert, | Down - ' o ja
Environmental | eYWild animals, f)Birds, g)Others Stream ' : i .
Conditions _
. .| Up Stream - _ L
a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down
e)insects, f}Others Stream Lans T e—
1 Up Stream - -
Farming: Down
a)Fruit Trecs, b)Cercals, Stream e -
¢)Vegetables, d)Live Stacks, e)Others o .
. ) _ ool Up Stream
Water Clearness: Clear, opaque,(nuddy, brown, mix-sewage, no water,
' Riverbed Material: Silt and clay (sandy “gravet, rock, solid waste. .
Current Velocity: 7 ' mfsec | Scouring: - ,D,e,rag-
Plan & Oulcrops ; -] Section of Topography, River & Geology
Riverand - o ' ‘;
Ground
Conditions \J
. ?c)c{t? e
. /UOJJ \S)A--w#f "h'l;; ’
éﬁ’tzm’hﬁ [
(Cra.J 15)‘[“ = -
Remarks:

‘A7 ~ 18



INSPECTION SHEET
Environmental and Natural Conditions

No./”

[ Time: Weather:

Datc: Q‘géiz? I 30 Ary Cfoeelsy
Bridee Name: - Sarroler €. - Bridge No: A —E8D —//-3
KGM Division No.: A : — o L L
Traffic Volume Heavy, Medlung‘ﬁj-&t_,%grce - Appfoach Gradient:
Land Use Urban SuburbaxRural Farming,Others S R
Topography Pla;__:{}ml; §‘[ountamous Valley,Coastal L , .
' e ' Lefi Bank | Right Bank
a)School, b) Hospilal,rc)Mogquc, Down
d)Cemetery, c)Historical relics, Stream RN -—
f)Others - .
Up Stream m
., a)Oﬁlce Building, b)Aparlment Down
Buitding, c)Houses, d)Shops, Stream — -
&)Factories, f)Others -
L . Up Stream "M =
_ x)Foresl, b)Trees, c)Barren, d)Desert,” | Down
Environmental | €)Wild animals, NBirds, g)Others Stream B yram Lo rree
Conditions : : _ —
. . ; ... .. { UpStream _—
‘a)Swampy, b)Grass, ¢)Fish, d)Birds, | Down . -
e)nsects, NOthers Stream - —
: Up Stream T ==
Farming: Down —
a)Fruit Trees, b)Cereals, . Sueam T _
c)Vegetables, d)Live Stocks, e)Olhers .
| o siceam el 1A s
Waler Cleamess Clear, Opaque muddy, brown, mix-semgg(o wale\)
Riverbed Malerial: Silt and ciay, sandy( gravel 1 yock, solid waste.
Current Velocity: mise¢ | Scouring
Plan & Oulcrops . | Section of Topography, River & Geology
Al U!ﬂ»é 7 an
River and ‘ .
Ground /@fd, 4 NS‘/% W“’
Conditions ,& ) A:-Z,(é_ M
pogrely on gt el
M. A:ré-_e
i '&VA—VJ
Kdaef;w-m( dd#& MU’ ﬁ""'ﬂrr A
Remarks: -

" A7 - 19




Fig 9-2-2 INSPECTION Si IEET
Environmental and Natural Conditions

No. 20

.%' Fast carrent Ly

3 Aer S¢oared Adq’y

2 (Cives bed

scouring

Diate. October /7, 2~ | Time: AP ¢! Weather: . A~/ M — _
Bridge Naffic,  Candsr Hosanpesa Bridpe No: < J3-20¢ - ¢4 72 ]
KGM Division No.. DN/, [ Arca:  Derisan ]
Traffic Volume Henvy, Mg_pr%L Adpht, LScm'(:c Approath Gradicnl'
Larid Use Urban, Suburbad Rura}. Farnting. Others ‘,__,/_41 Kt- TR
Topography (Plain Hillv.Mountainous. Valley.Coastai j t v '“,'_W”_
o Lcl'l Bank | Right Bank
2)Schoot. b)Hospital, c)Mosque, Down
d}Cemeicry. ¢)Historical relics, Stream i A -
Others ‘ N
N Up Strcam - . H"
2)OMice Building. b)Apanimcent Down :
Building, ¢)Housts. d)Shops: Stream — L)
¢)Factorics, NOthers ' - &
3 Up Stream ‘;)9-“’ ! o—
alForest, b)Trees. ¢)Barren. d)Desert, | Down b .
Emdironmental | €)Wild animals, NBirds, g)Others - Stream A o
Conditions 4 (¥ g ;T
: Up Stream - 5H
| a)Swampy, b)Grass c)Frsh d)Blrds Down
eMnsects, HIOthers .| Stream — —
P
; Up Sircam "" "‘
Farming: Dovwn _ ' /
2)Fruit Trees, b)Cercals ' Stream — PN ci
¢)Vegeiables, d)Live Stocks, ¢)Others ‘ (v
cleantiness .| Up Stream </ — R
Water Clearness: Clear_opaque. muddy. Prown. mix-sewage, no water, j.% g2
Riverbed Material £5ilt and clayXsandyd fravel) rock. solid waste. i
Current Velocity: Faud 7~/ S miec | Scouring:  2rery
Plan & Oulcrops Section of Topography, River & Geology
@er ey
o ',"13- s
River and K .
Ground sbu’bmw-; 'Uf:i‘
Conditions
Remarks: -, J\dmr! /('("‘w-;}.’f‘(}? ol ﬂﬁ_jﬁga,m %
™

b ‘ﬂk ‘en. keser

A7 - 20
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Bridge nanie: Babadat < Div 4 | Bridge Ref: AA 200-10-1

Repair Cost:  $ 52,000 Repair duration: 100 days
Crossing: River - | Lane: 2 lanes Function: Main road
Av. ht(m): 40 Width (m): 10.0 . Length (m): 25.2

P.r'oposed repair to be carried out int 1996

Repairs required.

Concrete peel off

Exposed rebar

strengthehing of foundation due to scour
widening of bridge for safety

Materials required,

1.0m diameter coricrete pipes

rock and selected fill materials

asphalt

concrete

rebars and steel mesh _ _ _
self levelling, non-shrink and rapid hardening cementitious grout

Traffic management,

Advance work to divert traflic will be necessary

Specialist equipment & machinery required.

excavator, spreader, roller,wagons and pavers for consteuction of temporary diversion
teaflic diversion signs and sighal control

scaffolding '

formwork and timber

concrete breaking, placing and compacting equipments

Logistic:

Work to be carried out afler the winter and Bayram, preferably in May 1996. -

AG - 1




Bridge name: Asagi Cakali - Div 7 Bridge Ref: AR 795-01-5

Repair Cost: $ 153,000 Repair duration: 200 days

Crossing: Valley Lane: dual 2 lane Function: Main road
Av. b (m): 12.0 Width (m): 10.10 Length (m): 71:55

Proposed repair to be carried ouf in 1996

Repairs required.

+ Concrete peel oft

* Exposed rebar

* expansion joint

¢ cracks

+ voids and honey combing
* water leakage

Materials required:

* sclected fill for crossing at central reservation

+ asphalt

* - concrete

*» rebars and steel mesh :

+ self lcvcllmg, non-shrink and rapid hardemng ccmentltmus grout
* expoxy resin grout for injection

* deck waterproofing membrane

Traffic maagement.’

Advance work to divert trafiic. Diversion across central reserve to other deck.

Specialist equipnient & machinery required:

* excavator, spreader, roller,wagons and pavers for construction of temporary diversion

« {raflic diversion signs and signal control

* scaffolding . :

+ formwork and umber

* concrete breaking, placing and compacling equipments eg compressors,vibrators
* underbridge plaiform'

Logistic:
Work to be carried out after winter and Bayram in May 1996
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Bridge name: Sardere - Div13 -

chair Cost: $124,000

Bridge Ref: AA 650-11-3

Repair duration: 80 days

Crossing: River : Lane: 2 lane Function: Main road
Av. ht (m): 5.6 Width (m): 12.7 Length (m): 43.15

Proposed repair to be carried out in 1996

Repairs required.

+ Concrete peel off

+ Exposed rebar

* Voids and honey combing
¢ expansion joint

Materials required.

* 1.0m diameter cornicrete pipes
* rock and selected fill material
* “asphalt

+ concrele

+ rebars and steel mesh

+ self levelling, non-shrink and rapid hardening cementitious grout

Traffic management.

Advance work to divert traftic will be necessary -

Specialist equipment & machinery required:

« traflic diversion signs and signal control

« launching gantry for lifling deck

+ formwork and timber
« scaftolding

« concrete breaking, placing and compacling equipments eg compressors,vibrators

Work to be carried out in September 1996.
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Bridge name: Candir Hasanpasa-Div 14 Bridge Ref: SR 200-06-12

Repair Cost: $ 117,000 I | Repair duration: 120 days
Crossing: River L Lane: 2 lane
| Av. ht (m): 4.5 ‘ Width (m): 10.4

Proposed repair to be carried out in 1996

Repairs required:

&

Concrete peel off
Exposed rebar

Scour of foundation
cracks

water leakage
strengthening of columns

Materials required.

1.0m diameter concrete pipes

rock and selected fill materials

asphalt

concrete

rebars and steel mesh

self levelling, non-shrink aind rapid hardening cementitious grout -
deck waterproofing membrane

- gabion
' epoxy resin ‘grout For mjecnon

7 mff ¢ managenenl;

'Advancc work to dwed traflic w:ll be NECESSary

: Sg)eciaffsf equipment & machinery required.

* excavator, spreader, ‘foller,wagons and pavers for construction of temporary diversion

traffic diversion signs and signal control
scaffolding
formwork and timber

concrete breaking, placing and compacting equipments eg compressors, wbrators
underbridge platform

Logistic;

\Vork to be carried out alter the winter and Bayram, preferably in May 1996.
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Bridge nante: Hilal I- Div 2 | Bridge Ref> AT 300-02-8

R’epair'Cosl: $ 340,000 Repair duration: 100 days

Crossing: River & railway Lane: dual 3 lanes Function: Urban flyover
Av. it (m):4.0 Width (m): 13.5 Length (m): 347.8

Proposed repair to be carried out in 1997

Repairs required.

Concrete peel off

cracks

expansion joints

widening of bridge for safety

Materials required.

selected fill materials for temporary cross over in the central reserve
asphalt

concrete

rebars and stee! mesh '

self Ievellmg, non-shrink and rapid hardemng cemenhtlous grout
epoxy resin grout for injection

- | Traffic managenent.

| Partiat traflic management and traflic control work 16 divert traffic will be necessary -

Specialist equipiment & machinery required.

‘excavator, spreader, roller,wagons and pavers for construction of temporary diversion

traffic diversion signs and signal control

scaffolding

formwork and timber :

concrete breaking, p acing and compacimg equipments eg compressors wbrators

Logisiic,

Work to be carried out in }\ugust 1997.
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Bridge name: Akcay - Div 7 - Bridge Ref AR 010-16-4

Repair Cost: $ 78,000~ -~ - | | Repair duratlon 80 days
Crossing: River | Lane: 2 lane Function: Coastal road
Av. ht (m): 4. Width (m): 10.0 Length (m): 106.9

Proposed repair to be carried out in 1997

Repairs required.

+ -Concrete peel off

+ Exposed rebar

* expansion joints

« widening of bridge for safety

Materials required.

¢ 1.0m diameter concrete pipes

* rock and selected fill materials

« asphalt

* concrete

* rebars and steel mesh _

+ selflevelling, non-shrink and rapid hardening cementitious grout
s steel cyctindrical bearings

Traffic management,

Advance work to divert traffic will be necessary

Specialist equipment & machinery required:

A excavalor spreader roller,wagons and pavers for constsuction of temporary diversion
| teaflic dwersmn signs and s:gnal control -

* scaffolding

» formwork and timber

*» concrete breaking, placing and compacting equments eg compressors,vibrators

. tcmporary beam launching equipments for lilting dcck '

: Lga sfic:

Work to be carried out after the winter, prefearbly end of Aprit 1997.
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Bridge name: Buca Ustgccit - Div2 Bridge Ref: AT 300-02-2

Repair Cost: $ 7,000 Repair duration: 15 days

Crossing: Road Lane: Slip road Func_tion: Usban flyover
Av. ht (m): 4.2 Width (m): 18.2 Length {m): 33

Proposed repair to be carried out in 1998

Repairs reqitived.

» Concrete peel off

* Exposed rebar

s burried joint

» widening of bridge for safety

Malerials reqiiired:

* ' rebars and steel mesh _
« self levelling, non-shrink and rapid hardening cementitious grout

Traffic managemen!;

Partial traflic management work to divert traffic will be necessary -

Specialist equipnieni & machinery required:
+ traflic diversion signs and signal control
« scaffolding

* formwork and timber , : .
« concrete breaking, placing and compacling equipments eg compressors,vibrators

Logistic.

Work to be carried out after the winter, preferably in the middle of August 1998..
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_Bridge name; Seij'eri -'Div‘? _ o 7 Bridge Ref: AR 0!0-i6-4

Repair Cost: $ 37,600 : ‘Repair dusation: 35 days
Crossing: River Lane: 2 lane - | Function: Coastal road

Av. bt (m): 3.1 Width (m): 9.6 Length (m): 21.7
Proposcd repair to be carried out in 1998

Repairs required:

» Conciete peel oft

* Exposed rebar

« water leakage

* expansion joint

« widening of bridge for safety

Materials required.

+ selected fill materials

+ asphalt

* concrete

* rebars and steel mesh

+ selflevelling, non-shrink and rapid hardening cementitious grout
+ deck waterproofing membrane

Traffic management.

Partiat traflic management and control work to divert traftic will be necessary’

Specialist equipment & machinery required.

+ excavator, spreader, roller,wagons and pavers for construction of temporary diversion
+ {raftic diversion sighs and signal control -

+ scaflolding

v formwork and timber .

» concrete breaking, placing and compacting equipments eg compressors,vibrators

Logii!iq

Work to be carried out in September 1998.
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Repair Cost: $ 32,000

Bridge name: Koparan 11 - Div 7

Bridge Ref® AR 785-05-2

Repair duration: 100 days

Crossing: brook
Av. ht (m):' 3.1

lane: 2 lane
Width (m): 9.8

Function: Main road
Length (m): 27.45

fnsmin

Repairs required:

* Exposed rebar

Materials required.

* asphalt
* concrele
» rebars and steel mesh

Tvaffic managenient.

» voids and honeycombing

» widening of bridge for safety

Proposed repair to be carried out in 1998

+ |.0m diameter concrete pipes
*» rock'and selected fill materials

Advance work to divert traffic will be necessary .

+ scaffolding
« . formwork and timber

Specialist equipment & machinery requiired. -

v self levelling, non-shrink and rapld hardenmg cementitious grout

+ excavator, spreader, roller,wagons and pavers for construction of temporary diversion
« traflic diversion signs and signal contro!

| ¢ concrete breaking, placing and compacling equipments ‘eg COMPressors, v1brators
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Bridge name: Getincik - Div7

Repair Cost: $57,000

Bridge Ref: AR 010-22-15

Repair duration: 250 days

Crossing: River ~t Lane: 2 lane

Function: Coastal road

Proposed repair te be carried ouit in 1998

Repairs required:

* Concrete peel off

* Exposed rebar

*+ voids and honeycombing

* widening of bridge for safety

Materials required:

v selected fill materials
* asphalt

* concrete

* rebars and stecl mesh

+ scif levelling, non-shrink and rapid hardening cementitious grout

Traffic management.

Partial t'ra'ﬂ':c inanagemenl work _t'o divert traflic will be riecessary

Specmh st emmmwn! & machmet y rc(;mn’d

. Spreader roller wagons and pavers for conslmclton of temporary dwersson

+ traflic diversion signs and ':lgnal control
» underbridge platform -
* formwork and timber

. concrete breakmg placmg and compaclmg equlpments €g compressors vnbrators

Lo gfsnc.j

Work to be oarrit'd_oiit at the end of March 1998
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Appendlx 9.1 Result of AAR"

7 Petrograpluc exantiriations were made of concrete core samples taken from two
deteriorated bndges near lzumir (Hilal 2 & Halkapinar), to check the occurrence of alkali-
aggregale reaction in these concretes.  Standard aggregate tests were also conducted for local
aggregates currently used in this area to evaluate their potential alkali reactivity. The
following interim results were obtained.

1) Microscopic observations of thin sections of the concrete cores revealed that the two
structures are undergoing typical alkali-silica reaction, due to redctive sand grains of
-~ glassy rhyolite, glassy shyolitic tuff and calcareous chert, contained in small amounts in
the sand used for these stiuiciures (Table - 9.1.1). These sand grains have reacted to
form nunierous radially to randomly to randomly arranged cracks filled with colorless
gel products (alkalt silica gels) in these concretes.

2) There is no petrographic evidence that limestone coarse aggregates used in the
structures have reacted detetericusly. However, veins of alkali-silica gels are
occasionally seen filling cracks in the limestone aggregate, but these gels have
migrated atong the crack from the reacted sand grains in the cement paste, and do not
répresent the evidence of a chemical reaction within the limestone aggregate.

3) ‘The lithology of the hill sand currently used in this area is generally similar 1o that of
" the sand contained in the deteriorated concrete structures.  These sands largely
consist of metamorphic quartz schist and phyllite grains, with minor amounts of
potentially reactive volcanic rock, such as glassy rhyolite and glassy rhyolitic tuff.
Possibly, reactive glassy rhyolite is contained more commonly in the detenorated
structures than in the sand currently used (Table - 9.1.2). :

4) “The hill sand currently produced and used i in this area was found deleterious accordmg
' to the CSA accelerated mortar bar test, while the conveniional ASTM chemlcal test
‘failed to detect its reactwny (Table 9.1.3).

5) The crushed hmestones tcsred as mnocuous in thc standard aggregate tests for thc
potential alkati-reactivity (Table - 9.1.3).

Table - 9.1.1  Petrographic examinations of concrete cores from deteriorated bridge _

Bridge Crushed Hill sand (causing deterioration)
' Stone Gravel (>10mm) Sand L<5mm)
Hilal 2 Limestone Calcarcous chert (rare) Glassy rhyolite (mmor}
_. _ : ' Glassy rhyolitic tufF (ra rgl
Sound’ Alkali-silica reaction Alkali-sitica reaction
_ Crack, gel, reaction rim | Crack, gel reaction rim-
Hatkalpinar |Limestone {Glassy rhyclite (rare) Glassy rhyolite (minor)
1Sound Alkati-silica reaction Alkali-silica reaction
Crack, gel Reaction rim N
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Table - 9.1.2 Petrogré'pl'iic examinations of currently produced aggregates

" for identifying potentially deleterious rock types and minerals
Aggregate Rock type | Potentially alkali-
, . reactive rock
Cnushed stone _ _ .
 Coarse - |Limeston Nohe
- Medium Limgston’ None
“Medium (white) . |Limeston ~ |None
“Sand- |Lireston . |Nore
Hill sand | _ L
‘Bulk Quariz schist, phyllite, sandstone  |Glassy rhyalitic
- Imetarhyolite, psarimitic schist ~ | toff
: glassy rhyolitic 1uff, glassy rhyolite |Glassy rhyolite
White Glassy rhyolitic tuft, glassy shyolite  |All except for
N sificified rhyolitic tufl, limestone limestone

Table - 9.1.3  Results of the standard aggregate tests for evaluating potential

- alkali-reactivity of currently used aggregates

Test method -~ Crushed stone (limestone} Hill sand
, Coarse | Medium | Sand '
‘1) Alkali-silica reactivity L :
Chemical test (ASTM 289) |[mocuous |Innocuous [Innocuous |Tnnocucus
~ Accelerated mortar bar test |[Innocuous {Innocuous |Innocucus |Deleterious*
_ {CSA A23.2-25A) ' L
2) Alkali-carbonate reactivity
Chemical screening test ~ |[Non-  {Non- Non-
- {CSA A23.2-26A) _|expansive |expansive |expansive

* Expnasion after 14days was 0.26%, beyond the limit (0.15%) of innocuousness
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3
K 23

~ Result of the chemical test (ASTM C289)

_ o Re: Reductionsin Se: iDis:sélv'ed=
- Type [No.|  alkalinity (mmol/1) . silica (mmol/1)
- Result Average Result Average
Crushed 1 95 = _ 14
limestone | 2 4.0 1.7 0.9 1.2
{coarse) | 3 9.5 1.2
Crushed 1 14 14
limestone |. 2 6.0 BRI 09 1.1
(medium) | 3 12 ' 09
Crushed 1 8.0 | 14
limestone | 2 14 10 RS 1.3
(sand) 3 6.5 1.3
Hill 1 69 44
sand 2 64 64 a3 44
3 59 44
CHEMICAL TEST (ASTM 289)
- e ;
= c:iusl'xeq 1inéslone {coarse)
# Croshed linestone {nedive)
o Crushed limastose {sind)}’
Lo & Kb} sand.
T m ~
& 1RHOCUOUS
§ |-
= nnﬁxui
v’ .  DELETERIOUS
§ ) ] Bt
: / ' DELETERIOVS
ok . A L
I TR TR LR T - i K om oW
"BISSOLVED SILICA (Se, wac}/i)
~THE STUDY _ON _
THE MATNTENANCE AND'REHABILITATIUN of Figure - 9.1. 1

H!GHWA\' BRIBGES in THE REPUBLIG of TURKEY
~ AUGUST,
ORIENYAL CONSULTANTS COMPANY LIMITED

1996

in association wlth

JAPAN OVERSEAS GONSULTANTS COMPANY L} HTED

Result of Chemical (ASTM €289)
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r bar test (CSA A23.2-25A)

__Resuit of the accelerated morta

._ _ Expnasion (%)
Type No. .
' 3d. 7d 14d .
Crushed i 10.004 0,008 - 0.008
limestone | 2 0.004 0.008 - 0.009
(coarse) [Av.|  0.004 0.008 0.008
Crushed 1 0.008 -0.008 0.008 |
limestone | 2° 0.004 0.004 0.005
(medium) |Av.]  0.006 10.006 - 0.006
|Cr. 1s.(sand)l = |  0.005 0019 | - 0024
Hill t| 0037 0.141 0.254
sand 2 0.034 0135 | 0208
Av.] 0036 0.138 0261

ACCELERATED MORTAR BA

R TEST (CSA A23.7-258)

0.3
] L;r.ut;hed 1isestone (coarse)
4 Crushed tisestone {mediva) B
o Crushed limestone (sind)
& BETl sand
0.2 |- <
: DELETERIOUS
E ".-" ©TCSA Vimit 0. 15%/Hddays
[«] -
5 R
E
L)
0.1
.6 .
o i "
L T Gammeme :
Y ‘,F*:J—Lr——mvnmma—m—rmﬂw——J
¢ E)

TIME(DAY) .

THE STUDY ON -
| THE MAINTENANGE AND REHABILITATION of
HIGHYAY BRIDGES in THE REPUBLIC of TURKEY
~ AUGUST, 1996 _
ORIENTAL CONSULTANTS COMPANY LINITED
in association with
JAPAN OVERSEAS CONSULTANTS COMPANY LINTED

Figure = 9.1.2

Result of Accelerated Hortar Bar Vest
(GSA A23. 2-25K)
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in association with
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BUCA MOTORWAY BRIDCE
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" THE STUDY ON ’

- THE MAINTENANCE AND REHABILITATION of

" HICHFAY BRIDGES in THE REPUBLIC of TURKEY

Sl AUCUST, 1996
ORVENTAL ODNSUL_TSNTS COMPANY LIMLTED
in association with
JAPAN OVERSEAS CONSULTANTS COMPANY LIMTED

Figure - 9.1.6

Concrete Core Location at Buca Hotorway

“Bridge
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HILAL2 VIADUCT (IZMIR)

>
> Corc 4
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Core 2
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- Core 6

e
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Pier 7 {Rnght) A W a} From lzmir Face

' ‘ THE SIUDY ON - _ _
“THE NAINTENANGE AND REHABILITATION of Figure = 9.1.7

HIGHWAY BRIDGES in THE REPUBLIC of TURKEY _ . L
AUGUST, 1996 Concrote Core Location at Hilal2 Viaduct

ORIENIAL CONSULTANTS COMPANY LINIVED - = {1ZMIR)
in association with :
JAPAN OVERSEAS CONSULTANTS COMPANY LINTED

A9 - 8



150 ’I
M 240 J
380
CORE 1
160 J
310
CORE 2
L- 155 ] -
240 :J
360 1
A _
CORE3
170 J
3mJ |
CORE 4

; - THE STUDY ON
THE MAINTENANCE AND REHABILITATION of
HIGHWAY BRIDGES in THE REPUBLIC of TURKEY
; _ AUGUST,. 1996 :
ORIENTAL CONSULTANTS COMPANY LIMITED
in association with
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- Figure =~ 9.1.8 (@

Concrots Cores from Naldoken Bridze
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o THE STUDY ON ,
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THE STUDY ON
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in association with
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" THE STUDY ON
THE MAINTENANGE AND REMABILITATION of
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- in association with
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Figure ~ 3.1.10 ()

Goncrete Cores from Buda Motorway Bridge
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Figure - 9.1.12

Concrete Cores from Turan Bridge
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_ THE STUDY ON é
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H1GHWAY BRIDGES in THE REPUBLIG of TURKEY
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" ORIENTAL -CONSULTANTS COMPANY LIMITED
in association with
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: Locafion of Strain Gauge and Glass Plate

Monitoring Points
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Existing Cracks on Pier 6/Ankara Face
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Existing Cracks on Pier 7/Ankara Side
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