BURSA AREA - B . o o
____Date 1" Accommodation | Bridge No. Time Arratigement

10/9 (Monday) _~|BURSA |SB-200-08-4 i

10/10 (Tuesday) BURSA S13-200-06-12

10/11 (Wednesday)  |to ANKARA

JICA Study Team Member : K. Wada and
' Cem Budak (team assistant)

b) Envirdnmcniaf aind Hydrological ]népection_ Team
KGM Headquatter - Mr. Brtan Saytt
KGM Division Members :1 Engineer
.1 assistant engineer
-4 driver
JICA Study Team Member : Y. Kobayashi
6.3.5 Work
) Traflic Regulation
In order to ensure work safety, traflic regulation should be implemented during
inspection work as presented in Figure - 6.3.1 for two way carnagcway, and Figure - 6.3.2 and
6 3 3 for two lane carriageway. '

2) ' I:q'ulpmeni

- Equipment esscntlal for detaited inspections are presented in Table - 6.3.7, all of whlch
are brought by study team.

" In addition to this equipment, a Transit or Level is necessary to survey road height
under the highway at collision damage locations.  Morlar material is necessary to reinstate
drilled holes for neutratization tests,

6.4 - Structural Investigation

6.4.1 . General

The structural outline for the selected 20 6bjective bridges for detailed insﬁpec(ioh are
presented in Table - 6.4.1.
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Steuctural Qutling |

__ Table-6.4.1

Bridge Name Length Number of | Constructed | Age.

(m) “Span_ Year :
1) BUCA UST GECIT 33.00 3 1972 23
2) HILAL-II 347.80 13 1990 5

3) HUDUT-1 40.40 3 1972 23 |

| 49 PORSUK 48.20 4 1973 22
5) BABADAT 25.20 3 1964 31
6) SELYERI 21.70 2 1964 31
7) AKCAY 106.90 5 1961 34
“8) MERZIFON 36.25 2 1993 2
-9) UST GECIT Il 20.50 1 1993 -2
10} PASA PINAR 26.60 2 1972 23
11) KOPARAN-1I 2745 2 1977 18
12) HACIMUSA 16.40 2 1972 33
13) ASAGI CAKALLI 71.55 4 1986 9

-|14) HARSI 248.50 10 1951 44 -
15) TOPALLI 5775 4 1975 20
16) DEGIRMENDERE 90.80 4 1961 14

17) GELINCIK 32.50 2 1970 25
18) SOLAKLI 216.90 15 1969 26

19) SARDERE 43.15 3 1985 0
20) CANDIR HASANPASA 112.85 1 {972 23

The extent of Detailed investigation was limited by a worker’s strike. Inspéclion
plaif‘orms could not be used 1o approach the higher parts of the bridge (slab and girder) and

hrgh water levels prevented investigation in some areas.

some investigations were decreased due to!
aclual numbcrs of investigated pomts by bndgc components are presented in Table - 6.4.2.

In addition, the number of points for
the shortage of workers. As a result of the above,

L fable - 6.4.2 ‘ Inveslrgahon Itemns an_d Pomts

.  Bridge Name " Exp Joint Deck ~ Girder  Column__ | Abutmerit
1) Buca Ust Geeil VI VI(3) Vi(2) CS(1)
{cem . :
2) Hitlal 11 VI{14) IVI(13) Vi(13) VI(i2) Vi(2)
- RI(2)
| ' : CS(2) :
3) Hudut-1 SVIey Vi) VI(3) VI(2) VI(2)
. . 1€8(2) : _
" | 9y Porsuk VI(4) vI(3)
: - RI(2)
CS(2).
‘ . NT(2)
5) Babadat VI(2) VI(3) VI(2)
' RI(2)
. CS(2)
6) Sclyeri VI(3) VI(2) Vi) . VKD VI(2)

6 ~ 24
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: . - NT(2) -
7y Akcay IVI(6) VI(S) [vis) “|RI(1)
RI(1) NT(1)
C5(2)
. NT(1)
&) Merzifon VI(3) VI{2) VI(2) RI(2)
R CS(2)

9) Ust Gecit-11 VI(1) VI(2)

' RK1)

- o : CS(2)

10} Pasa Pinar VI(3) VI{2) VI(2)

RI(2)
CS(2)
N NT(2)

11) Koparan 1f VI(3) Vi(2) VI(2) Vi(1) VI(2)

: RI(2) CS(I) CS(1)
CS(2)

7 _ NT(2)

12) Hacimusa Vi(3) VI(2) VI(1} VI(2)
RI(1) RI(1)
cs(l) CS(1)

. : _ . NT(1):

13) Asapi Cakalli VI(5) VI(4) VI($) VI(3) VI{2)

RI(2) CS(1) RI(2)
CcS(y NT(1) CS()
. L ' NT(1)
14) Harsit vi(lly . IVI(i0) VI(10). ¢ [VI(9)
- RI2)
- lcs(
. . NT(2)
15) Topalti VI(S) Vi VI(3)
: RI(2)
. ‘ (e}
16} Degirmendere VI(sy - Vi(4) NT(1)
‘ C8(2) .
cCq)
: . : | - INT)
~ ¥7) Gelincik VI(3) VI(2) CIVI2)
- RI(2)
CS(1)
| ___|NT(D) A
- [18) Solakti VI(16) VI(15) Vi(14) VI
- CS(1) RrIQ2)
- CS(2)
: NT(2) o

19) Sardere V(D Vit3) VI3) VI(2) VI(2)

| = . Cs()

20) Candir Hasanapasa VI(8) 10 VI(h) VI(6) VI(2)

~ RI(2)
1cs@
NT(2}
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6.4.2 ancsligatioh Results
1} Visual Inspection and Sketches

For ali damage items defined in the inspection manual the results shall be presented in
the form of confirming surface sketches {some of them have been prepared by KGM engincers)
for damaged components for which damage is more serious than rating 'C', for all data
collection units such as spans and columns.

Inspection results are written on sketches and damage coding sheets as altached,

2)  Concrete Strength

Compressive concrete strength was investigated using a Schmidt Hammer for concrete
components for which the damage rating was more serious than rating 'B'. Some locations for
investigation were changed to enable testing to be undértaken without a platforn:. Investigated

results are summarized in Table - 6.4.3 and Figure - 6.4.1.

‘Table - 6.4.3 Concrete Strength by Schmidt Hamner Test

Bridge No. |~ Bridge Name Member Average Concrete Avarage Concrele
. : . Rebound Value - Strength . Strength
300-02-02  |Buca Ust Geeit Parapet . |40 - 350 350
300-02-08 [Hilal--Sagust PRS- |49M48 495/480 - |ass
300-04-03  {Huodut-l P2/P1 37129 3057190 248
200-08-04 jPorsuk PI/P1 40742 350/380 365
200-10-01 {Babadat _|P1/R 2913 : 190! 0 190
010-16-04  [Selyed A2 42 (new)37 (old) 1801305 33
010-16-12_ |Akeay G1/GE . [40M47 350460 405
100-1701  |Merzifon IP1/P) IRAS. 3204330 325
- 100-17-04 _ |Ust Gecit-Il AVAL 3335 15167 256 .
. 100-17-03 " |Pasa pinar . G2 43 . - 400 400
£ 785-0502 |Koparan-l - G2 37 305 305
. : claes 4129 362/190 276
785-0504 [Hacimusa ¢ @ ([PUAL - 131428 . 220/180 200
' 795-01-05 [Asagi Cakalli oGl © 136 - 290 _ 250
e ; N Y 45/ . 430/260 345
1 010-19-19 |Harsit P6/PT 26135 ¢ 1504267 209
| 010-20-10_|Topalli A2/73 131436 220/2%0 - |255
010-22-0t |Deginnendere Gl 137 305 308
010-22-15 |Gelincik S 26 150 150
010-22-16 [Solakli Gl 43 430 430
o : Pil/P12 42142 189/380 380
650-11-03 |Sardere PL 38 . 320 320 ]
-200-06-12_{Candir Hlasanpasa * * |PHP2/P4 - |38/36/34 320/290/260 290
3)  Carbonation Depth

“Carbonation (neutralization) of the concrete surface is investigated using Konkit
- {Phenol Phihalein reaction) for concrete components for which the damage rating is nore
serious than rating 'B".

_ Investigated results are summarized in Table - 6.4.4 and Figure - 6.4.2. Investigated
carbonation depth shows that it is progressing approximately 10 mm depth a year in the Black
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Sea area, but more slowly in inland areas. In addition to the carbonation of the conerete, low
cover to rebar together with salt attack has caused corrosion of rebar and peel-off of the
concrete sutface.

Table - 6.4.4 Carbonization Depth Investigated

Bridge Ne. Bridge Name Consturcied Year Age Member Carbonization Depth Remarks
: . {mm}

C 3000102 |Buca Ust Gecit 1972 7
3000208 |Hilal-[[-Sagust 1990 5
300-04-05.  JHudut-] - 1972 2 R
2000804 |Porsuk 1973 22 i 16 o

| - 200-1001_ |Babadat 1964 i .

C010-16-04  |Salyen 1968 3l A2 DIE 10 New:d

010-16-12 - |Akcay 1941 Y E 25445
190-17-01 - |Merzifori 1993 . 2 .
100-17-04  |Ust Geeitll 1593 2
100-17-05 . {Pasa Pinar 1972 2 G2 , 40
785-0502  {Koparan-Il . 1977 1% . ' 15
783-05-04  |Hacimusa 1972 23 . 70

C795-0105 . |Asagi Cakalli 1986 5 ALP3 159

010-19-12  |Harsit 1951 4 P6 7

010-20-10 . [Topalii 1973 20 Al 20

010-22-01 ~ |Degimendece 1961 Ml - 0

010-22-15  |Gelincik : . 1930 25 [ 10

- 010-22-16  [Solakl : 1969 26

£50-11-03 ~ |Sardere . - 1985 10
200-06-11 - |Candir Hasanpasa 1972 23 Py 20

4) Rebar Investigation -

Rebar spacing, cover and diameter were investigated using a Profometer for concrete

- components for which the damage ratmg was more serious than rating 'B". However, KGM
- possesses drawmgs on rebar arrangement for all of the selected 20 bridges for detailed

mspectlon

. 5) Level Survey of I‘rnter:}eclingE Road

Thiree bridges for which the girder bottom has been damaged due to vehicular
collision, were surveyed to determine clearance between the girder bottom and road surface
beneath the bridge, and to establish the stope situation atong the intersecting road. Their
conditions under the bridge are presented in Table - 6.4.5 below. '

~Table - 6.4.5 -~ Under Bridge Conditions

Bridge Name ‘Cledrance . | - Condition of Intersection Road
1} Buca Ust Gecit TH2m Slope at approx. 8 % with heavy traffic in -
: urban area, warning sign states 1.0 m
‘ ‘ : clearance.
93 Ust Gecit-Hl PHAm Horizontal grade with slight local agri.
traffi¢, no waming sign.
16) Degirmendere Hom Valley bottom at bridge, detour for large
truck in urban area, fo warning sign.
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6)  Scour Survey

Investigation of damage to foundation stability such as inclination angle, settlement of
foundation and height of river bed was planned for danaged colunins and abutments for which
the damage rating was more serious than rating 'B'. However, lack of access from the water
prevented these investigations from being carried out.  Instead, the structural elements
exposed by scour were examined. -

6.43 Damage Evaluation
1) Damage Indices

‘As information on visible damage on the struclure surface was collected for each
investigation unit, such as span and column, damage indices (Emergency Index (EIDX) and

- Importance Index (11DX)} } could be calculated for each investigation unit. The same score for -

damage rating is used to quantify directly damage rating into numerical value as those of using
in selecting 20 bridges for détailed inspection as shown in Table - 6.4.6 below.

Table - 6.4.6 ' Ranking Table of Damage Raling

* Damage Rating Score
Case ] Case 2
Rating ‘A’ 5 5.
‘B’ 3 3
o N 0
‘o 0 0

The rank of Case 1 is to quantify all the damage suffered on the bridge components,
while that of Case 2 is set up to emphasize the serious dainage than the rating 'A' and 'B’ which

are needed to repair anyway. In addition to this, thie score of the longer bridge, which has the

number of components to be inspected, is apt to get the higher total score according to the

much number of damage in rating ‘C'. For this reason, score of rating 'C' is changed to zero (1 in

initial formula) to emphasize the damages which are rating ‘A’ and 'B".

Imporlance lndex (11DX) is used to evaiuale overall damage mtensny, since the
difference of Emergency and Importance Coeflicient for these major five bndge components a
slight as shown in Table-6.4.7.

Table - 6.4.7 - Emergency and Imporlance Cocflicient

Bridge Element | Emergency Cocf. Iniportance Cocf.
Expansion Jetnts 1.00 075
Deck Stab o 1.oo - 1.00

|Conctete Girder g 1.00 - 1.00
Column and Footing : 1.60 .00
Abutment 1.00 1,00

Table - 6.4.8 presents calculation TCbU“S in Case | (A'B:C:D=5:3:1:0), and Table -
6.4.9 for Case 2 (A'B:C:D=5:3: 0:0) as below. HDX in these tables are sum of all the score of
components as much as the bridge has.
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Table - 6.4.8 1IDX of 20 Bridges (A:B:C:D=5:3:1.0) _

_* Bridge Nami¢ ~Exp.Joint " Deck - |- - Girder: Column | Abutment
1) Buca Ust Gecit - 0 _ 10 =0 e '
:2) Hillal 1 20 2 0 .37 11
3) Hudut-1 . 27 10 2 0 0.
4) Porsuk -- 4 - 12 -
3) Babadat’ 0 3 -- 22 -
6) Selyeri 1 2 16 2 7
7) Akcay 28 10 17 . .
8) Merzifon 6 16 9 -
9) Ust Gecit-If ] -- -- 7 -
|10y Pasa Pinar 0 10 14 .- .-
|11y Koparan 1l 3 10 .M 6 il
112) Hacimusa 0 12 - ‘5 10
[13) Asagi Cakalli Y 56 16 30 6
14) Harsit 20 5 18 8 --
15) Topalli 0 - 6 7 3.
16) Degirmendere 0. -- 14 - -
17) Gelincik 6 5 12 .
18) Solakli 59 9 40 31
19) Sarderc Q. 30 16 0 0
'{20) Candir Hasanapasa 16 51 .2 41 1
Note: -- means no detailed investigation conducted
Table - 6.4.9° 1IDX of 20 Bridges {A:B:C:D=5:3:0:0) :
Bridge Name Exp.Joint Deck Girder _Columin |  Abutment
1) Buga Ust Gegil - 0 10 0 -
2) Hitial 11 17 0 0 23 6
3) Hudut-i o 6 0 90 0
“3) Porsuk . 0 .- ‘12 e
5) Babadat 0 0 ne 19 -
0) Selyen -0 -0 9 0 0
7) Akeay 21 0 9 =
8) Meszifon 0 12 0 -
9} Ust Geell-ll © .- -- 3 - -
16} Pasa Pinar 0 0o 6 - -
11) Koparan 1 0 0 16 0 0
- |12) Hacimusa { 0 - 0 0
13) Asagi Cakalli_ 4 16 32 18 ¢
14) Harsil 0 0 0 0 -
- +115) Topalli 0 - 0 0 0
" H16) Degirmendere 0 - 10, - --
17 Gelingik -9 0 9 -
18) Solakli ~ 25 0 33 18 --
19) Sardere 0 2] 0 -0 0
*|20) Candir Hasanapasa 0 28 3 20 0

Nofe: -- means no detailed investigation conducted
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2) Damage Evaluation

The above IIDX contains the evaluatlon on the sca!e ofa desngnaled bridge such as
bridge length or the number of spans, for IIDX is larger with these value if the damage rating is
same level. Table-6.4.10 presents the total score of bridge elements and their divided value by
the number of spans to evaluate damage intensity of the bridge.

Table - 6.4.10_ Total Score and Damage Intensity

Bridge Nanic ‘No of Span Total Score - Damage Intensity
; .  (a} )] {c) .- (bla) (cfa)
‘1) Buca Ust Gecit 3 10 10 ~ 13 33
| 2) Hillal 1] 13 - 46 23 35 18
| 3) Hudut-l 3 27 _ 6 S0 2.0
4) Porsuk 4 12 12 3.0 3.0
5) Babadal 3 19 19 6.3 6.3
6) Selyeri 2 9 9 4.5 4.5
7) Akcdy 5 130 9 60 18
8) Merzifon . 2 12 12 - 6.0 6.0
9) Ust Gecit-ll 1 3 3 .30 3.0
10) Pasa Pinar 2 6 6 3.0 3.0
11) Koparan 1} 2 16 16 8.0 8.0
12) Hacimusa 2 0 0 .. 0 0
13) Asagi Cakalli 4 100 9% 250 - 240
14) Harsit 10 0 0 -0 0
15) Topalli 4 -0 0 -0 0
16) Degirmenderc 4 10 . 10 2.5 2.5
17) Gelincik - 2 9 9 . - 4.5 4.5
18) Sofakli 15 76 s 5.1 3.4
19) Sardere 3 21 i 70 10
20) Candit Hasanapasa 7 51 48 ‘1.3 6.9

Note  b: Total sum of 1IDX on alt 5 bridge components.
. ¢: Sum of DX on 3 major components (deck slab, glrder column and
footing)

Pl " &Y ) . ) E . .
.l 3) Summary Comments on Damages

Comments on damages which may aftect the necessity for repairs are given below for
each bridge.

BUCA UST GECIT
- Only one damage on the gnrder bottom, which is rebar exposure and cultmg o!’f of
_ rebars along the girder bottom over a length of 4.0m on the outside girder, was
- detected. It was caused by vehicular colhs:ons No other remarkabie damage was
detected.

HILAL-II SAG UST GECIT
- Expansion joints were improved by means of connecting deck siabs in 2 or 4 spans
intervals, however, damage to surface was detected. This has contributed to the
acccleratlon of AAR on the substructure.
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- Deck stabs and girders are stightly damaged focally, but not seriously.

- Damages to substructures are cracks in vertical direction mainly, wnth more than
Amm maximum crack width; AAR is suspectcd

- Cracks o footing were detected at 0.5m or 1.0m intervals with 1.3mm maxinmum
crack width.

HUDUT-I
- The pavement surlacing and mbber seals were complelely nussmg at the expansion
joints.
- Deck of only Span 1 is daniaged with honeycomb and rebar exposure due to poor
construction. .
- No serious damage was detected on glrder coluinn and abutment.

PORSUK
- Cracks with white sall trace were locally detected under the deck, but not serious.
- Cast in situ piles (P1 and P2) were exposed in the stream on the river bed.  P3
colimn is not scoured at present, however it will be vulnerable to scour duc to the

change of river siream.

BABADAT
- No remarkable damagc was detected on expansion joints.
- No serious damage was detected on'the deck slab.
- Top of cast in situ piles were éxposed on the river bed, however no water in dry -
season. Concrete strength of exposed pile is less than 100 kg/scm It is expected
that a continuous river flow resulting from a long period of rain will erode the piles.

SELYE RI :
- Damage to expansion Jomts is decreased dependmg on 1 the pavermient repatr
- Damage to the deck is concentrated on the cantilever slab, but is not serious.
- Due to the water leakage through the longitudinal girder joints {old and new),
damage (peel- of} rebar exposure and corrosnon) to girder along and around jomts
~_ has occurréd. :
- No serious damage was delected on the subslmclures

AKCAY
© . ~Peel-off of pavement surface and joint seal missing causes serious water leakage
 through the expansion joints.

+ Local cracks, water leakage with white tracc were found on the deck slab, but were *

©: nof serious.

- Serious damage in pee! off, rebar exposure and corrosion exist at the Gerber joint . -

on the girder, due to water leakage through expansion joints.

MERZIFON

- Potholes (peel-oft of pavement) were found locally wnh cracks along the expansion -

joints.
- Cracks (suspected) with white trace are found beneath the whole deck area, caused

by sait infiltration from the bridge surface.



- No serious damage was detected on the precast girder.

UST GE( GFCIT-!I
-2 in 5 main girders are darhaged by rebar ewposure over a length of 0.7m, at 4.45m
clearance under the girder bottom.
- No sérious damage was detected on the abutment.

PASA PINAI PINAR
- No damage suspected due to surface evenness of Asphalt on the expans;on joints.
- Almost all kinds of damages ate found on the slab due to poor construction, but not
serious in the dry area. -
- Honeycombing with rebar exposure exists bcncath the girder bottom.

KOPARAN-I
- - No serious damage suspected due to overlaid Asphalt on expansion joints.
;"‘%ﬂ - Almost all kinds of damage exist on the slab due to poor construction, but none of
) - them are serious.
- Serious and continuous rebar exposure exists under and on the sides of the girders,
due to poor concreting and low cover.
- Almost all kinds of damage are found, but each of them is not serious.

AS!MU§
- No damage suspected due to smooth overlaid Asphalt on the expansion Jomts
- Almost all kinds of damage are found on the slab, but none of them is serious.
- Many kinds of minor damage exist on substructures. - h

-ASAGI CAKALL]

- Potholes and peel-off of Asphalt exist Ioca!ly on the expansion joint lines.

- Serious honeycombing and rebar exposure throughout the deck slab due to poor
‘construction. Some local but serions éracks were found with water leakage trace.

- Much serious honeycombing and rebar exposure exist on the bottom of glrder due to

g: poor construction. Clear trace of water leakage on the girder suggests the existence
of large cracks or voids in the deck stab.

- Honeycombing and water leakage trace exist on all the columns, and no rebar was

detected by Profometer on the column.

HARSE
- Cracks and peel-off of pavement surface exist on the expansion joint lines, but not
serious.
- No serions damage detccted on the slab and gicder. .
- Foundations of piers have in the past settled and inclined.  They were repaired by
adding concrete at the tops of the columns. The columns appéar stable at present.

TOPALLY
- No serious damage detected on the expansion joints.
- Honeycombing and rebar exposure exist, but not serious.
- Scour and water damage to columa has not progressed at present, but itis
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‘vulnerableto sea waves in the future.

DEGIRMENDERE
- No remarkable damage delecled on the expansmn joints.
- Exposure and cutting off of rebars of a girder over a length of 6. Om exists on Span 2
due to vehicular collision, with 4.1m clearance under girder bottom. Municipal office
is undertaking under-road construction to achieve 4.5m clearance.

GELINCIK
- Pecl-oit and crack along e\cpanswn joints exlst but not serious.
- Honeycombing and peel-off on the slab deck exist, but only locally.
- Due to poor concreling and low cover, serious honeycombing, rebar exposure and
corrosion were detected on the girder. Leaking water is accelerating rebar
corrosion.

SOLAKLI

- Pecel-off and missing of joint seals are major defects, which allow water to leak
through the joints, aﬂeolmg the slab and girder.

- Rebar exposure and corrosion is a major damage to the sfab, but  not so serious,
caused by low cover together with salt attack. The pavement surface appearance and
the exposure of rebar in the deck suggest that a hole is being punched through the
deck.

= Pecl-off and rebar exposure with corrosion constitute major damage to the girders _
- due to low cover and salt attack. The sea side girders have suffered mare serious by
than those on the mountain side.

- Low cover with salt attack have caused peel- oﬂ and rebar exposure with corrosion,
~similar to the damage to the girders.

SARDPRL
- No remarkablc damage detectecl on the expansmn jomts as a result of the recent
. repairs. :
- Punched hole with dcep void and rebar exposure on the center span slab is very
- serious, because of its location near to the wheel loading point. oneycombing and
“rebar exposure exist extensively due to low cover.
- No serious damage detected on the girder, but almost all kinds of damage exist due
to poor construction.
- No remarkable damage detected on'the substmclures

- CAND]R IIASANPASA
- Peel-oft of surface Asphalt with voids exists on all expansmn joints, but not serious at
present.
- Local but serious damage was found on the stab in nlany areas, wnh rebar exposure
with salt white trace due to water leakage. Extensive white salt trace on Spans 4 and
5 suggests the existence of heavy cracking which probably results in a decrease in
loading ¢apacity of the deck.
- Honeycombing and sebar exposure with corrosion e\ust ex!cnswely on the girder due
to low cover and poor construction.
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- Column on P4 and PS5 were seriously scoured with rebar exposure by the stream.
Columns other thar P4 and P5. Will be vulnerable to scour it the river changes
course in the future.

6.4.4 Engincering Considerations on Repairs
1) Bridge Components to be Repaired

According to the results of the detailed mspechon some of the damage ratings have
changed since the visual inspection carried out in the prevnous stage. The necessity of -
remedial works can be presented on the basis of engineering considerations to secure the -

loading capacity and a longer service life (durability) for the bridges as shown in Table- 6.4.11.

Table 6.4.11  Bridge Components to be Repaired

| _ Bridge Name Exp.Joint Deck Girder | Column | Abutment
1) Buca Ust Gecit -~ N i N -
2) Hitlal 11 1 P - N i |
3) Hudut-I 1 P I N N
4) Porsuk L N -- i -
5) Babadat N N -- 1
6) Selyeri P N I N N
7) Akcay I P 1 - -~
8) Merzifon . P I p -- --
9) Ust Gecit-11 -- - I - P
10) Pasa Pinar N p I - -
11) Koparan I N P 1 P P
12) Hacimusa N P -- "N . N
13) Asagi Cakalli 1 I [ I P
14) Harsit P P P P -
- |15) Topalli - N: - p P P
* [16) Degirmendere N -- I e -
17) Gelincik N P I - _—
18) Solakli I P I i --
~ {19) Sardere N 1 I N N
20} Candir 1lasanapasa L I I | N
Note: --  means no detailed investigation conducted '

I means to be repaired Immediately
P 'means to be repaired Preferably
N means No remedial work needed

Engineering judgeraent must be applied when using the above table. Sometimes the

repair of components with only slight damage will be desirable in addition to the repair of
severely damaged dements, 1o present rapid deterioration of the main repair.
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2) Comments on Repairs

Engineering comments for remedial works are provided taking site conditions into
account for tentatively selected 10 bridges as below.

BUCA UST GECIT

- Damaged part is to bé repaired to restore the girder strength to that designed.

- Clearance beneath the girder, which is 4.2m at present {rom the lowest girder soffit to
the road surface, is to be raised to 4.5m or more, to provide satisfactory headroom
for large véhicles. However, it is 1mposs:ble 1o take following measures due o the
tight vertical/horizontal alignment at present; lowering under-road proﬂle raising
existing bridge, moving bndges idewards.

- Installation of a warning gate is nccessary to show clearly the minimum headroom
and 1o direct large vehicles through the centre line. _

- Traflic regutation to remove traftic from one lane will be is required during repairing.

HILAL-II :
- Measures to columns, abutments and footings due to AAR will be clarified  afler

obtaining the résults of on-going  material tests.

< In order to defay AAR on the substructures, it will be effective to restore the
expansion joints to stop water leakage.

- It will be necessary to close one lane for repairing of expansion joints.

" BABADAT
-Itis necessary to strengthen and stabilise the column 1o resist greater ﬂows of the

stream in the future.
- Temporary additional support may be necessary during repair.
* = No traflfic control or temporary bridge is required.

' SFLYI' RI

- Longitudinal girder jomts and rclated damage to the glrders is to be repalrcd (by
injection and patching).

- A water proofing layer on the slab deck is necessary to stop water Ieakage from the
bridge surface. Expansion joints shall be restored for the same reason.

- Closure of vehicular trafiic is required during surface work of the bridge. However, it
‘seems that another two lane bridge has enough vehicular capacity at present.

" "AKCAY .

' - ixpansion joints arc to be restored 10 stop water leakage to improve the function and
durability of the haif joints.

- The Gerber joints are to be restored to matatain loadmg capacny and function.

- Closure of vehicular teaflic is required during joints repairing, and also half joint
repairing if necessary.

- A temporary bridge will be necessary if vehlcular traftic is to be stopped for a long
time.

KOPORAN:-II
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- Restoration to peel-off and honeycombmg on girder is necessary to lmprove the
durablhly of bridge.

- At the same tinie, patching to deck sfab, coluinn and abutments can be easﬂy
conducted to give better durability.

- No trafiic contro! on temporary bridge will be necessary.

ASAGI CAKALLI .
- Expansion joints are to be restored to stop water leakage, to improve the durabﬂny
of the superstructures and substructures.

- Restoration to damaged deck slab is necessary to maintain the loading capatity and -
durability (partial replacement and patching).

- Restoration to damaged girder is necessary 1o maintain the loading capacity and
durablhly (patching).

- It is necessary to confirm the adequacy of the of columns for the possible seismic
forces prior to repairing. Restoration (patching) or increasing cross the area of the
column is necessary for strength and durability reasons.

- Restoration to abutments is preferable for better durability (patching).

- Closure of vehicular traffic will be required during replacement of the deck slab.
However, it seems that another two lane bridge has enough vehicular capacity at
present.

'GELINCIK

- Restoration to girder, which has suffered scrious honeycombing and rebar exposure,
is necessary to obtain adequate durabitity for the bridge (patching).
--At the same time, restoration to slab deck is preferable in the same manner

(patching).
- No trafltc control or teinporary works are necessary.

&A&)FRE -

 -Tnorderto mamtam the loadmg capacity of the slab it is necessary to replace the
deck partially, and also to restore  the parts whlch have suffered from rebar
exposure {replacement aiid patchmg)

- Closure of vehicular traflic will be required durmg replacing of lhe deck.

-A temporary bridge is required and can be structured whichever construction is
easier.

" CANDIR HASANPASA

Expans&on joints are to be restored 1o stop water !eakagc to improve durabthty of the
- superstructures and substruciures. '
- Restoration to the damaged deck slab is necessary to mamtam loading capacnty and
* durability (partial replacement and patching).
- Restoration to damaged girders is necessary to maintain loading capacity and
durab:hty (patching).
~dtis necessary to conflrm the adequaoy of the columns for the po%snble seismic forces
prior 6 repaiting. Strengthening of the columns is necessary to resist seismic and
scout effects, and to’ improve durability.
- A permanent overﬂow weir is required on the down-stream side of the bridge, in
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order 1o prevent scoufing of the bndge foundat:ons by stablhsmg the ﬂow of the %
river,

- Temporary supports for the column will be necessary during strengthening of the
column, in order to secure the load and to prevent collapse during the reconstruction
works. _

- A closure of vehicular traffic is required during reptacement of the deck slab.

- Temporary bridge is required and can b built on the up-stream side most easily.

6.5 Soil Investigation
6.5.1  Objectives

In order to make an eflicient, safe and economic design/construction of highway
bridge foundations and also as part of the proper inspeciion and maintenance of bridges, soil
investigation shall be perfornied to obtain information and data with regard to subsurface g
conditions. Soil condittons of objective bridges shall be collected wherever possible. g

6.5.2  Selection of Location

Soil investigation shall be carried out at levels of rehabilitation and /or reconstruction.
There are hundreds of objective highway bridges located on the artenial study roads. ~ The 20
bridges to be urgently impraved the were selected by detailed visual inspection based on bridge
inspection concepts such as damage rating.  Locations were selected | among the 20 bridge
sites where there is no soil data but the detail investigation such as deep boring and laboratory
- soil testing requires them. Three locations were proposed and identified as meeting those
criteria.  Two are in Samson (Division 7) area and one in Trabzon (Division 10) area.

o a Sahiéltn(DivisiOn 7)
1) AR010:16-4 ©  Selyeri
2)  AR-100-17-5 = PasaPinar

" b, Trabzon (Division ].O)'
3) . AR-010-20-10 - Topalli

653 . Survey Ilems and Method

Subsurfac; exploratlon shall be carried out at cach of the proposed 3 bndgc sites.
Suflicient and adequate information to determine the bearing capacily of the underlying soil
: must be obtained. :

Bormgs

~ The deep boring shall be carried out te an obvious bearing stratum. S1x successive
Standard Penetration Tests per meter depth with the number of blows in excess of 50
is normally considered firm bearing. The boring equipment should be the type that will
permit Standard Penetration Tests with the split spoon and thin walled tube sampling.
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Sampling

Standard Penetration T ests (AASHTO T206), including sampling shall be made at
every change of soil layers or at every 1.0 melre interval. If cohesive soils are
encountered, undisturbed samples shall be taken using thin walled tube samplers.
Samples obtained shall be carefully transported using a shock-absorbing box for
laboratory soil testing.

Records _

‘A boring location plan nist be prepared for each bridge site. The data obtained from
subsurface exploration shall be recorded. All refevant field observations, such as loss
of drilling water, obstructions and difliculties encountered shall be recorded.

Laboratory Soil Tests
The following tests shall be made on the spht -spoon samples
Visual soil description
~Grain size analysis
Atterberg Limits
Group and soil classiﬁcation

The following tests shall be made on the undisturbed thin walled tube samples:
Visual soil description
Grain size analysis
Atterberg Limits
Group and soil classification
Moisture content
Unit weight
Specific gravity
‘Friaxial compressive strength
Consalidation

654 Slirvc):fReSulls

The actual soil investigation on the proposed 3 bridge sites was carried out by a loca!
ﬁrm !ZRA Geological - Geotechnical Co. Lid. in the period between 20 Sept. 1995 and 27
Sept. 1995 under the direction of the study team. A Mobile Drill - B 53 Explore Type machine
was used for boring and in-situ tests (Standard Penelration Tests). A total of 70 m. boring
which is 65.2 o1 in soil and 4.8 mv in rock was made with a total of 62 Nos. of Standard _
Penetration Tests per one meter interval and disturbed samples, ' No undisturbed sample Wwas
taken due to uncohesive soils. Core samples were taken when the rock basement was -
encountered and the cores which are totally 4.5 m in tength were obtained from these rock :
portions. Laboratory soil tests were performed on 15 SPT representative samples seleéted by -
the study team Engincer. These tests consisted of grain-size distribution, specific gravily,
Attesberg limits and water content tests. Based on the factual report data, the investigation
results on each bridge site are shown in Figures - 6.5.1t0 6.5.3  Soil Frofites.  Each bridge
site soil conditions and engineeiing comments are described below. The detailed boring logs are
compiled in Figures - 6.5.4 t0 6.5.7.
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SOIL SURVEY AT HIGHWAY
BRIDGE SITES IN TURKEY
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)] Sclyeri Bridge .

The soit conditions in Figure - 6.5.1 are classificd into 3 major layers such as 1. coarse
sand, 2. silt and sand, and 3. silty sand from the river bed. Medium to dense sandy soils are
predominantly disteibuted which are fine grained and fittle gravel with ample shell fragments, -
Uniformity coeflicient is 2 to 3 which means pooily graded. ~ Soil descriptions are as follows:

o Coarse Sand wilh little gravel, véry dense but poorly"graded'( Cu = 3), contains ample
shell frapments

Silt and Sand : fine grained, very dense, little‘shﬂl | fragments

Silty Sand, very dense, fine grained, poorly graded (Cu=2-3), silt is about 25 %,
little shell fragments

Grain size distribution curves are plotted in Figure 6-5-4 which show poorly graded in
comparison with other 2 sites. According to the local seismic map, Sei_s111ic factors are 4
graded such as 0.1, 0.08, 0.06 and 0.04 in zoning. . This location falls on a seismi¢ factor, 0.06
in the region.  The seismic factor is not big but it is anticipated liquefaction. Therefore it is
recommended that pile foundations for the bridge are preferable.  Earthquake-resistant design
shall be considered for the proposed pile foundation.

2) Pasa Pinar Bridge

Figure - 6.5.2 Soil Profite shows soil conditions which consist of 4 layers described
below.  Plenty of boulders and gravels are observed and scattered at the upper layers.

‘Boulder, Gravel and Sand : Max. bouldcr size 500mm, average size 50 - 150mm.
Bouldcrs are basalt and andesne in ongm Sand is coarse gramed and very well graded

'Sili‘y Sand, grey .loose

:Gra;_veliy Sand, fine grained, decasional medium grained, very well g’radéd, gravelly
sand '

Claystone : Grey, fine gréihcd, moderately weathered, medium strong, Miocene -
Pliocene of Age

Grain size curves show well graded and out of liquefaction ¢critical zone, quite
stabilized condition. On the other hand the scismic factor indicates 0.1 in this region according
to the local information. - However, It is expected that dlrcct foundations such as a spread
footing and/or caisson is apphcable owing o very dense stabilized gravelly s01ls condition.
Allowable bearing pressure is estimated 50 tons per square metre.

6 — A8

L3 4.}
«Zr

i
)
-



g

3) . Topalli Bridge

Soil conditions ate shown in I*lgurc 6.5.3 Dense to very dense gravelly sandy layers
are widely developed in this area.  Soit descriptions are as follows:

1. Gravelly Sand with little silt  Gravel diameter is in the range of 2-150mm.
very dense, well graded (Cu =7 -'10), contains occasional thin fine sand layers
2. Sand with litlte gravelly ,very dense, well graded { Cu= 10 )but poorly graded
A{Cu= . - 2)at lower portion, conlams shell fragment
3. Sand and Gravel, occasionally boulders
4. Basalt, weathered and fractured on top portion ( Eocene of Age )

Grain size distribution curvés are shown in Figure - 6,5.4 which indicate fairly well-
graded quuefacuon potential is low. - Because uniformity cocfficient is in the range of 7 - 10.
The scismic factor shows 0.04 which is the teast grade according to the local information. In
terms of bridge foundations it is proposed that cast in place plles are applicable on the gravelly
sand soils condition.

6.6 Hydrological Survey

1 6.6.1  Objectives

Determination of the design high-water level is essential for design of bridges in order
to make a safe and econonic design and also a proper maintenance. Hydrological study for
estimating flood water level at each bridge site is required to provide empirical data and also
engineering approach for determining the elevation of the bridges selected.  Therefore, not
only existing available data needs to be collected but also a detailed visual inspection on éach-
bridge site shall be carried out in the field to obtain as much hydrological mf‘ormatlon and data -
as possible. |

6.6.2 Survey Locations

20 bridge sites were selected -alon'g the arterial roads to be impm\}ed 'drgenlly based on

‘the bridge inspection concepts mentioned previously. These 20 bridge sites are geographically

deployed in the 5 regions such as 1. Black Sea, 2. Marmara, 3. Aegean, 4. Medilerranean and 5.
Ceniral Anatolia Regions.  Climatic conditions i.e. annual rainfall and average temperatures
are observed to bie greatly influenced by each geography The selected 20 bridges which are
classified by geographical reglons are summarized in Table - 6.6.1. ' According to this {able,
annual rainfall in the Black Sea region is extremely high and reaches 2000mm which is three to
five times the other four regions.  The least annual rainfall is 382nwi in Central Anatolia
region. On the confrary average temperatures in difference are found small in the both
summer and winter seasons.

6.6.3  Methodology and Schedule

For each selected bridge sité, in addition to the preliminary data the detailed visual
inspection which consists of high water level prints, width of river and flow, approxiniate
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distance from river-mouth, current velocity, water cleanliness, riverbed materials, terrain and
past flood records from intérviews with local people was carried out for the period 20 |
September 1995 to 10 October 1995,  These survey items in detail are shown in the fo!iowmg
page as a sample.

6.6.4  Survey Resulls
" Based on this hydrolog‘ical survey data and available information, the design high-

water level for edach bridge site is determined and summarized in the last two columns of

Table - 6.6.2.  The maximum high water level is in general considered for guidelings in Table -
6.6.3.

| Table - 6.6.3 Mini. Clearance Between Girder Bottom and Max. High Waler Level {m)

 Bridge Length | Mini. Clearance Between Girder Bottom and Max. High Water
o (m) Level (m)
510100 | | ~0510(1.0)
[ over100 1.0to(1.5)

The llWLs for all the bridges in Table - 6.6.2 arc cleared by the mini. clearance as a
guideline shown in Table - 6.6.3° However, it is recorded that the only Selyeri bridge has
" experienced floods which means that a past high water reached the girder bottom according to
* tocal residents due to high precipitation in the Black Sea region. = Precaulions should be taken
in this region. The other bridges have not ever cxpeuenced ﬂoodmg according to the
. hydrological suvey resulls.

- Ttis proposed that the HWL for each bndge mdlcaled in Tab]c 6 6.2 is the most
suitable for the design high- water level.
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Chapter 7 Préliminary Desiga

7.1 Selection of Study Bridges
7.1.1  Selection Criteria

The objective bridges for preliminary design of the piaintenance and rehabifitation
sludy were sclected from detailed inspection of 20 bridges.  The 20 bridges selected (see
Figure - 6.2.1) for ﬁnther repair work were based on the damage rankmg or serviceability of
the bridge.

To satisfy the objectives, the followmg criteria are set;

- To have socioeconomic importance,

- To have heavy traflic volume,

- To have remarkable deterioration,

- To have characteristic damages,

- To need inunediate remedial work,

- To be able 1o use typical repair methods, and

- To be from each KGM division. {(where possible)

712 Study Bridges

The bridges selected for this study are not all the damaged bridges that are in
existerice. They are only representative samples of damages that the Study Team would like
to demonstrate for the maintenance and rehabilitation study.  From the Study Team’s survey,
it is noted that approximately 25 % of the 207 bridges inspected will requ:re actual maintenance
and rehab;hlauon work.

The 20 objective bridges, except substitution ‘of other damagcd bridges, which are

~ immediately required maintenance and rehabilitation study for repair work, are damaged and

deleriorated more seriously than damaged rank B, The number of damaged bridges are *
summarised in Table - 7.1.1. '

Table - 7.1.1 Ratio of Bridge Elements with Serious Damag.e |

Bridge Element Number of | Bridge Number | Whole Ratio
Bridges Ratio (%) (%)
Expansion Joint 5 - 25 18
Deck Stab 5 25 18
Girder _ 11 55 39
Column and !*oolmg 6 30 21
Abutment i 5 4

* In this section, the selection criteria of 10 abjective bridges are classified into the three

categorics as follows:

- damage iteims,




: -‘tr.aﬁ'lc volume, and ?
- IRR (Internal Rate of Return), :

In chapter 6, the damage intensity was calculated by using the number of span and the -
damage score. The ratio of the number of span to the damage intensity for each bridge, which
. comprises the deck stab, girder, column and footing of damaged najor components, are shown
‘in Table - 7.1.2.

“Table - 1. 12 Ratio of the Nuinber of span to Damage Intensily

‘No.of | Damage | Damage
Bridgé Nanie Span (a) | Scorc(b) - | Intensity | Remarks
| | {b/a) .
1) Buca Ust Gecit 3 10 33 A
~ 2) Hilal-1l 13 23 1.8
3) Hudut-1. 3 6 20 o
- 4) Polsuk _ 4. 12 3.0 _ 5
| ©5)Babadat 3 19 6.3 ® - ' '
. 6) Selyerni "2 9 4.5 ®
~7) Akecay 5. -9 18 0
8) Merzifon 2 | 12 | 60 L4
9) Ust Gecit 11 | 3130 o
IO) Pasa Pinar 2 6 3.0 Y
1 1) Koparan-i 2. | 16 8.0 ®
| 12) Hacinusa 2 0 0 ]
13) Asagi Cakalli 4 96 240 L.
14) Harsit 10 [ 0
15) Topalli 4 Q 0
16) Degirmendere 4 19 2.5
17) Gelincik 2 9 45 @
18) Solakli. s 51 .34 e
19) Sardere 3 20 |- 10 * I
20} Candir Hasanpasa 7 48 - 69 ® A

Note @ : Damage !ntensaly {ba)>3.0
O : Characteristic damaged bridge

[n Table = 7.1.2, the characteristic damaged bridges, whose damage intensity is less
than 2.0, are Ilifal 1l and Akcay. Hilal-II suffers from intensive cracks caused by Alkali-Silica
Reaction on the column surface.  The shearmg cracks on Akcav, is caused by the increased
vehicle loading on the Gerber portion of concrete girder. Both the bridges shall be considered
by structure and malenal type for maintenance and rehablhtauon sludy

As lhese bridges are suualed on lhc nationat h1ghway, the traftic volume is to mcreased
-every year.  The traftic growthis a direct result of the increased socio-economic situation in’
the country. The relation ship of traflic velume and dainage intensity, which are of socio-
cconomic importance and stability of bridge, are shown in Figure - 7.1.1. '
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Re[a{ion of Fraffic Volume and Damége Intensity-

The value of the Internal Rate of Retura (heremaﬂer referred Io as IRR), which is the

- The value ofdamage mtcnsli} must be more than 4.5 points, and
- The traflic volume must be greater than 8000 vehicles.

The selection of objective bridges for prelininary design on maintenance and
rehabilitation study is shown in Table - 7.1.3.

Table - 7.1.3

Seleclion of Objeclwe Bridges f‘or Prchmmary Design

reference value to select objective bridges in this section, uses the result calculated in chapter 8. -
" Due to the sclection of objective bridges using the damage intensity and iraftic volume for
: prehmmary design, the followmg criteria are defined; as: :

Bridge Nawe Diviston \0 Damage intensity iRR Objective Bridge
1) Buca Ust Geceit 2 33 - s
2) Hital-1} - 2 1.8 X2 o
. -3) Hudut-1 2 2.0 200
. ) Polsuk 4 3.0 243
5) Babadat 4 . 282 e
6) Selyeii 7 19.5 o
7y Akcay 7 18.3 ©
| 8) Merzifon 7 3.5 \d
9y Ust Geeit 1T 7 22.0
10} Pasa Pinar 7 - 125
11) Koparain-1l 7 158 K
12) Hacinusa 7 S 235
.| 13) Asagi Cakalli 7 100.9 - 9
1. 14) Harsit 10 C50.9
15) Topalti - 10 245
16) Degirmendere - 10 - 25.1 ]
17) Gelincik 10 148 ®
18) Solakli 10 164 :
19) Sarderc 13 36.0 . 9.
20} Candir Hasanpasa H 26.4 ®

7 - 3




'In the above mentioned table (mark “O*), the damages on Merzifon bridge are as a
result of poor workmanshlp on deck slab (e.g., peel off and water leakage).. Therefore the
damages on this bridge, is for the purpose of this study, is adequately represented by the Asagi

Cakalli bridge.

The list of objective bridges for preliminary design on maintenance and rehabilitation
sludy are showi in Table - 7.1.4.  The Study Team had selected ten (10) bridges for the
preliminary design on maintenance and rehabilitation sludy

Table - 7.1.4 - Objective Bridges for Prehmmary Desngn

Bridge Name Divisio | Bridge Length | Construcied Damage Heins of Bndge Eicments
n No. (m) ~ Year
Siab Girder Column | Abutment
1. Buca Ust Gecit 2 33.00 1972 - |-PectOff - -
. Rebar
2. Hitab-Ht 2 347.80 1990 - - - - Crack - Crack
. ) . . - Peel Off
3. Babadat 4 25.20 1964 - - - Peel OFY
- Rebar -
|- 8cour
4. Selyeri 7 2).70 1964 . -Pecl OfT
- Rebar - -
- - Water -
5. Akcay T 106.90 1961 - - Peel OfY
- Rebar - -
L] . - Water
6. Koparanll 7 2745 1677 - - Rebar . .
. ' . _ - Honeycomb
7. Asagi Cakalli 1 71.55 1986 |- Crack -Pel O |- Pecl Ot
: -Pecl OfT - ]-Rebar . - |- Rebar
o - Rebar - Honeycomb |- Hongycomb | | -
o - Honeycomb |- Void
& - Void
o ' . . - Water .
- 8 Gelincik 10 3250 “1970 - -Pecl OFY
: - Rebar- - -
‘ : : - Honeycomnb
9, Sardere 13 4315 1985 |- Pecl O
s Rebar
- Honeycomb - - -
- Void
S ) - Waler
10. Candir Hasanpasa | " 14 . © 11385 9n SCrack - Rebar - Rebar
. [- Rebar - Scour -
- Water . '

Note : Mark “ @  along side the Bridge Name means repair work to expansion joint are to be

included.

¥
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72 Study Criteria
721  General

This section describes the preliminary design on maintenance and rehabilitation study,
rehabilitation work planning and cost estimation of the objective bridges for which the detatled
inspection was carcicd out. - The niaintenance and rehabilitation methods are intended to
represent the typical methods to be adopted in Turkey. '

The main damages of naticnal highway bridges are a result of poor workmanship of

© concrete structure, increased vehicle loading and on by scouring of stream or salt attacking the
coastline. The selected bridges are gencrally in on unsatisfactory condition and some of them
will actually require replacement with new bridges. ~However, replacement of bridges will not’
be considered.  This study will be made into methods of rehabilitation of bridges so as to
prevent collapse of the bridges that are in particularly dangerous condition and into methods of
conducting repair work with a view to keeping the existing bridges functional, and removing
the dangers.

The approac_h_of design criteria is presented in chapter 3.  The details regarding the
design criteria are presented in this chapter. : :

7272 Material

The strengths of the principal materials used in the repair design are shown in Table -

721
“Table - 7.2.1 - Materials and sirength
: Material | Strength and other
| Cast-in-place concrete 240 kg/om® . -
|Patching concrete - 240 kg/em’
IResin injection (tensile) 200 kg/en’ more
" [Mortar - 240 kgfom’
Stecl Plate 1400 kg/em”
 [Sheet pile 1400 kg/em’
- |Gabion , ——ee :
Riprap - Mdiameter 30 ¢m more
723 Design
1) Cause of Damages and Deteriorations to Concrete

" The delerioration of concrete structures is caused by many factors such as traflic

* collision damage, structorat failures due to over-stress and/or loss of section, freeze and thaw,
setilement of foundation, chemical attack, failure of expansion joints, scours, silting, poor
 design details, construction deficiencies and corrosion of reinforcing steel, as shown in Figure -
121



unfit structure category and type; span, ete.
~ nafit stractore ——[

unit sectional shape

— mistake in design specification and condition
— inadequate . ——1— lack of examination of safely ratio
—designing factor —- calculation |- mistake in slress analysis

L mistake and forget of calculation

— poor arrangement of reinforcement,
. prestessing tendons
L inadequate plan —{ . lack of additional bars
: — lack of sectional shapes and measurement
L Tack of examiration on detailed structure X

_ _ - poor of quality concrelc
_deficiency | poor of qualily reinforcement.
' “material | prestressing tendons:
L usc of unfit matetial property
-—construclion factor
- error of construction method and order
- |~ poor quality fabour
- L deficiency -1~ tack of examination of temporary works

~ construction | (formwork, folsework) '

' - |- poor and inadequaté execution control

- L_ in adequate material storage

- increasing and oversizing of traffic votume | T
| accident (collision, fall, firc)
| __external factor ——— natural phenomenon (flood, subsidenc, ¢tc.)
: __ influence of approaches
- chemical action (sea water, pollution water, sewage)
__ defect of basement structure

“THE STUDY ON

| THE MAINTENANGE AND REHABILITATION of | Figure - 7.2.1
HIGHNAY BRIDGES in THE REPUBLIC of TURKEY |

_ AUGUST,’ 1998 ‘ Kaintenance and Repair Framework
ORTENTAL CONSULTANTS COMPANY LIMIVED : '

_ in association with
JAPAN OVERSEAS CONSULTANTS CONPANY LINTED
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2) Live Load

In the design work, the specification for all desxgn uses is based on the AASHTQ in
Turkey. Particulatly, the live load uses the HS30 at present in AASHTO. However, at
bridge design stage, the live load had used HS20 or HS15.  In this study, the live load for
preliminary design should be used HS30 for checkmg up in AASHTO. The type of live load is
shown in Table - 7.2.2.

Table - 7.2.2  Live Load Type

Standard figure

Line Load

Load Name H30-S24 | - H20-816 | HI5-S12 . "H10

Weight (Mp) 30 20 15 10

Loading ' 13.50 9.00 6.75 9.00
P |Width (m) , .

(Mp) [Uniformed 19.50° " 13.50 9.75 - 13.00
- Load : C R : N
| p(Mpfm) 1.50 1.00, 075 : © 10,50

s (cny) 15 50 38 | 25

724  Manufacturing

fespects:

- coricrete cover to reinforcement,

< spacing of rebar,

- thickness of concrete member,
< material quality,

- embedded depth of basement,

- clearance, and

- range of repair, etc..

[t is important during manufacture to comply with the design drawings in the following




7.2.5

Construction S §\

Based on the design drawings, the execution work should be carried out to take

account of the fo!lowmg items;

- weather condition,
- environmental condition,
- traflic volume,

- malerials, _
- construclion equipment, and
- cure, elc..
726  Operation and Maintenance
Maintenance and repair work are categorized as routine imaintenance operation and
specialized maintenancé operation as shown in Figure - 7.2.2. gx
A¥ 3
~{Cleaning
Routine Maintenance - Prateclive Opceration
Maintenance || —Minor Repair
- Operations
Urgent Repair
Specialized Maintenance ' T
“‘|§p¢cializcd Repair
- Figure - 7.2.2  Maintenance and Repair Framework
Routine maintenance work is coniposed of cleaning and minor repairs and is as’

" follows:

. : o ' . : g
E-Cieanmg ' “ o E

In order to maintain the function of structures and facilities on the highway in good
condition, it is required to clean and remove dirt, debris, and vegetation from pier
caps, abulment seats, around bearings, expansion joints, drainage inlets, ete.

- Protective Operations
" Besides cleaning works for structures and f‘acmllcs protective operations 10 sécure
 their function, durability and aesthetics, is essential for structures or facilities, for
example periodic repainting for deteriorated paint on steel structures.

- - Minor Repairs

Spot painting or protective coating as required of bearings and exposcd pomons of
steel members; also small-scale repair work for washouts and embankment ecosion,
and replacement or correction of loose or missing anchor nuts and bolts, etc.



specialized niaintenance works comprise urgent repair and special repair for a
damaged or deteriorated structure and facility, as follows:

- Urgent Repair

Immediate remedial work is needed to restore a damaged component to a condition
for which only routine maintenance is necessary.  Work should be scheduled for completion at
an early date to prevent further damage to the component or the need for complete
reconstruction at a later time.

- Special Repair
‘Duc to the unexpected damage or deterioration discovered from the results of
inspection, special remedial wotk is necessary requiring special skills, equipment, or
materials to restore the functions of a damaged component.

Maintenance and repair works, which aim at the above eftects, are classified into the
following three categories based on the executed work objectives as follows;

- Rehabilitation,
To restore the function of a damaged or deteriorated structure and facility to its
initial condition in order to achieve the original loading capacity, durability and
assthetics, etc.

- Reinforcing, and
To strengthen the functions or capacity of a damaged or detenorated structuie or
facility in order to cope with initial inferior functions or capacity.

- Improveinent. : :
To provide a damaged or deteriorated structure or facility with better funchons ora
higher capacnly than it originally possessed in order to cope with an mcrease in
necds.: : :

7.2.7 - Natural Condition
The natural condition for preliminary design should consider the folléwixig items;

- temperature,

- amount of rainfall,

- effect of carthquake,

- effect of wind,

- ¢ffect of snow,

- river condition, and -
river width, ratio of river flow blockade by pier, clearance, scowring of river bed etc..

- soil condition, etc..

liquefaction on loose sandy ground, lateral flow on sofl ground, etc..

7 -9



728  Traffic Volume Projection
1)) Design vehicle

Axle load for bridge design is 16 ton/axle in Turkey. The vehicle axle. joad is over 16
ton is object for this investigation.

2) axle survey
~ In Turkey, many survey of axte load were conducted on every year, -T_éble 723
shows thie survey point of axle load afler 1990 on the study roads. ~ The results of the survey

shown in Appendix 1-for each station.  The vehicle axle load over 16 ton/axle ratio are
0%-4.6% and average ralio is 1.8%.

Table - 7.2.3 Outline of axle load survey

point . route survey year over 16 ton/axle vehicle ratio
A-l Alyon-Tziir 1994 3.6%
A2 Aukara-Antaly 1993 " 46%
A3 Sivrihisar-Burusa 1991 0.4%
A4 Ankara-Rize 1994 0.4%
A-S Ankara-Rize 1994 - 1.4%
A6 Afyon-Tzmi¢ 1992 ' _ 2.2%
A7 Ankara-Antaly 1994 0.9%
A-8 Ankara-Antaly 1992 19%
A-9 Ankara-Rize 1990 - 04%
“A-10 Ankaia-Rize 1991 0.0%
A-11 AnkaraRize 1994 : 1.6%
3) axle load

- Five study roads are separate lwo area, east side(Aankara-Rize route) and west
side(Ankara-Antalya,Sivrihisar-Burusa, Afyon-Tzmic route) so that axle load survey are not
“conducted on every soad on every year. :

‘a) Ankara-Rize route
'The result of axle load survey by yeaf shown in Table - 7.2.4 The ratio of vehicles axle
load is over 16 ton/axle are grown.  And on 1994 | the ratio of vehicle which axle load is over

16 ton/axle are 2.2 % of all vehicle.

Table - 7.2.4 Change of heavy vehicle ratio

year . over 16 ton/axle vehicle ratio survey station
1990 0.4% A9 -
1991 0% “A-10
1992 1.9% A8
1993 - noen _
1994 22% A-1, A-5, A1

7 - 10
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b) Ankara-Antalya, Sivrihisar-Bunisa, Afyon-Tzmir route
~ The result of axle load survey on three study roads by year shown in Table - 7.2.5.
The ratio of vehicles axle load is over 16 tonfaxle vary by year. But ratio are over 1% in this

three yéars,and maximum ratio is 4.6% on 1993,

Table - 7.2.5 Change of heavy vehicle ratio

year over 16 ton/axle vehicle ratio survey station

1991 - 0.4% A-3

1992 2.2% A-6

1993 4.6% A-2

1994 1.4% A-1, A-7
c) Traflic velume

Present and forecasting traftic volume on each 20 bridges are shown in the following.
Summary of present and forecasting (2014) traffic volume is shown in Table - 7.2.6 Present
traftic volume on each 20 bridges are from 3331 to 13673 per day. For each of the bridges,
KGM forecast traffic volume to 2014.  After 2015 Study team forecast traffic volume, growth
ratio is set half of before 2015, Growth ratio from present to 2014 for cach bridges are from .
3.5% 1o 7.6%.

Traffic volume of over 16 ton/axle are forecasted shown in Table - 7.2.6 according to.
set ratio of over 16 ton/axle vehicle maximum on same study load(Ankara-Rize route :

2.2%,.the other route : 4.6%).

"Tble - 7.2.6 Traftic - forecast

bridge name traflic volume - growth traflic volume of

_ present forecast(2014) " ratio . . ' over [6ton *I
Akcay 8003 49150 C3% 1081
Asagi 7537 0675 . 5% 895
Candir asanpasa 4052 28944 7.5% . 1331 .
Abadat 7322 35836 L T6% 1648
Hillal 2 236802 5.5% 9472
Kopatan 2 3331 14630 ' 53% 776
Sardere 4404 27589 ©51% 1269
Selyeri 8003 49150 3.5% 1081
Buca Uslgeciti . - 203933 60% . 9381
Porsuk 4977 34220 11% 154
Haci Musa 3526 14654 53% 322
Merzifon - 3595 15158 S 53% 333
Uslgecit 2 - 3595 15158 53% 333
Pasapinar 3595 15158 5.3% 1333
Harsit 5471 29378 3% 646
Degimendere 13673 82932 36% 1825
Solakli 4835 26195 3.5% 576
Topalli 4141 21225 3.5% 467

Hudut 1 4116 18736 6.0% ' 412
*1 : trafiic volume forecast of over 16 ton/axle per day :

7 - 11



7.3 Preliminary Planining
73.1  Preliminary Repair Design Allernatives
1) Judgment/Assessment of Damage

The procedure of repair for damaged bridges is shown in Figure - 7.3.1. In Figure -
7.3.1, the evaluation and benefit is presented in Chapter 8.

2) ~ Repair method

Table - 7.3.1 summarizes the inter-relations of damages, repair methods and materials.
Cause of damages will have to be considered prior to selecting a suitable method of repair
though; the most appropriate one can be found among the ones mentioned here.
3) Repair Work

Repair works generally identified as rehabilitation, rei'nforcing , inkind, or
mprovement, in this section deal with three categories of works, namely injection, patching,
replacing and others.

a) - Injection

Cracks are often filled by either stalic or pncumatic injection of materials.  Method
and material for injection shall be selected very carefully to suit the cause and state of damage.

Table - 7.3.1  Concreté Repair Mcthods and Materials

‘Defests Repair Methods _ . ‘ Materials -
* |Cracks Pressure injection Flaxible cpoxy resinmodar
{Active) Strengthening S1eal plate, post tensioning, stitching
L [Cracks Prissure injoction - |Epoxy grout or morlas
Coaling ' Bituminous coating,
Shoterete " |Cement mortar, fast-setting mortar
Patehing Cement mortar, of Polymer doncrete
Steengthening Post t2asioning
e Revenstruition
“[Veids Patching Portland cement giout, morlar,
' Shoterete Fast-seiting moctar
Preplaced apggregate Coarse aggregate and grout
1. - Repll acement
AScating Sheterete Fast-setling mortar, Cemont orlar
Coating Bit uminous,.Si! ane freatmaent
E Replacement )
Spalling | Patching Cencrete, Polymer,
Sholerete Cement moriar, Fast-setling mortar
Overlay Latex modifizd con., Asphalt concrete, Cone.
Coaling Bituminous, Silane
Repiacemenl

7 - 12




Damage to Bridge

Judgement/Assessment of Damage

‘Cause of Damage

Bounds (area) of Damages
Actual Loading Capacity
Residual Durability

Seriousness (Magnitude) of Damages

Selection of Repair Method

N
|
\
f

Preliminary Repair Design

I

-Cost Bstimate

“Evaluation

Repair Alternative

AUGUST, 1996

in association with

HIGHWAY BRIDGES in THE REPUBLIC of TURKEY

ORIENTAL CONSULTANTS COMPANY LIMITED

G - Benefits
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b) Patching

Patching is a surface tréatment extending to a depth of a few centimetres. It is used
for filling voids on the concrete surface made by various causes such as for repair of cracks,
scaling, spalling, popout and honeycombing. Methods and materials for patching also vary to
suit the state of damages.

c) Replacing

| Concrete can be replaced to any depth by any chosen material theorefically. Most
common replacing is the stale concrete to cope with higher live load.  Damages caused by fire
and vehicle collision are often also repaired by replacement.

d) Others
Other methods include the following:

- Shotcrete (Pneumatically applied moriar or Gunite).
- Epoxy injection, caulking or pressure grouting.
- Proteclive coating and plaster.
- Strengthening.
- Reinforcing.

4) Alternative Repair Work
, “The repair works are divided up into the followmg three categories, whlch‘hav'e
already been explained in the former section, and the repair method should be selected in
accordance wnh the design policies.. However, the permanent repair work is presentcd as
ret‘erence on this study.
- Urgént repair work,
- Ordinary repair work, and

- Permanent repair work.

The alternative repair works of ten bridges are shown in Table - 7.3.2.
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Table-7.3.2  Alternative Repair Work on Objective Bridges

- Bridge name

Damage cause

Repair work

B R _ _ - Urgent Ordinary _ - Permanent
1 .Buca Ust Gecit ~[car collision -~ |installation of replacement use warning gate
warning gatc on  |concrete of girder jand replacement

girder

concrete together

2 Ylitlal 11

chemical attack

‘fcoating on column

pressure injection

pressure injection

Hasanpasa

gabions

river bank

= : surface into crack into crack
3.Babadat scouring river bank ~|strengthening by - [replacement
protectionby  |concrete wall and
‘[gabions river bank ©
: - protection
4.Selyeri poor workmanship [patching patching and patching and
: shotcrete shotcrete
5.Akcay aging (Gerber supporting by replacement by |replacement by
L girder) scaffolding fiew concrete new concrete
- {6.Koparan 11 poor workmanship [patching patching and patching and
o _ shotcrete [shotcrete
7.Asagi Cakalli  |poor workmanship [patching and patching , replacement
shotcrete shotcrete and
pressure injection
_ ‘ into crack
' 8.Gelincik poor workmanship{patching patching and patching and
: shotcrete shotcrete
‘19.Sardere poor workmanship [replacement: patching and patching and
: concrete rép!acemcm |replacement
: _ ' - ' : concrete . - - .concrete
[10.Candic -~ . [scouring river bank strengthening by {replacement
' protectionby =~ |concrete walland ‘| '

5} - Preliminary Repair Design

profection

The repair methods regarding the damage for the objeclive ten bndges are shown in.
“Table - 7.3.3 and the repair work is presented in the drawings.
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Table - 7.3.3 - Repair Methods for the Obje'ctive Bridges _ @

Bridge | = - - Method . Objective Bridge _
| Element 2334 sfe]l7[8[9]10
Patching . (& 0|]0|]0|0|0]|O]|O
Proteclive Coating | © _ Q] 0 0|00 |O
Slab |[Shotcrete : |0l O| O
Pressure Injection 0 0
Replacement Concrete : : _ -2
 |Water Proofing . : o 1o 0
- |Replacemeént Concrele| @ 10| 0 o
Protective Coating’ o 1 |1 |6|lOo]0jlO]|O
Girder {New Concrete _ _ 1 10
Shotcrete o O|0
Patching ‘ 1100 0
Pressure Injection (4] ' - .
Protective Coating O O _ . i
- Pier - [strengthening 1o - o
Shotcrete ' : Q|0
[Patching _ 0 0
{ Abutment Patchitig . 7 1010|100
New Bearing : N 10
Other [Replace Joint 0|0 0|0 0
" |River Control _ [+ o
" The Arabic figures of above mentioned table show the bridge name:
t. Buca Ust Gecit : 2. Hillat I
3. Babadat - 4, Selyeri
5. Akcay - . 6. Koparan It
7. Asagi Cakalli | 8. Gelincik |
9. Sardere ‘ 10.Candir Hasanpasa -
6) - Introduction of Repair Method - '
i) Injection Method
- a) .~ General

~ Where delamination exists, teaflic impact may cause further damage and ultimately
produce surface spalls. © It is suggested that all delamination from the deck be removed alter
removal of the chloride contaminated concrete, or all fractures and cracks be sealed by injecting
with epoxy grout and then patch the repair area.

Before using epoxy injection, it is necessary to determine the causes of the cracks and

to cosrect the problems,  There are two types of crack, one is moving and the other is
stabilized. Ifthe crack is moving, the problem should be solved by eliminating the cause.
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For example, if a crack occurred duc to the over-stress of a girder by loss of the section, the
girder should be strengthened before injecting epoxy resin into the cracks. _

If the movement of the cracks cannot be corrected then the cracks should be sealed or
filled with expandable materials such as neoprene sealer or hot asphalt filler. ~ Once the
problem is corrected and the cracks are stabilized, the cracks can be effectively repaired by
injection. ~ I the structure has minor movement, the cracks can be repaired by using a flexible
{ype of epoxy resin which has higher viscosity but requires longer curing time.

b) Materials

Injection materials are different for types and sizes of crack. These mateials are
shown in Table - 7.3.3.  Materials gencrally use Epoxy Resin Mortar, the character of which is
described below. .

Epoxy resin niortar is generally used for smatl and shallow patch areas while portland
cement mortar is used for larger areas.  The cost of epoxy mortar is substantially higher than
portland cement but the rapid hardening of the concrete would make it possible to reduce the
required curing time, thus the bridge can be open to traftic earlier. * This will save user's

~aperational cost and reduce the motorists exposure to the hazard conditions during the

construction period.

Table - 7.3.4 Injection Materials

Cracking Scale Materials ' Objection |
case of large movements of[polyurethane, gum-asphalt “{durability,
cracks % . o
case of small movements of{epoxy, polyester, polymer-cement, |waterproof
cracks cement paste, cement mortar (fly :

- |ash including expansive admixture)
- [polymer cement mortar. ‘

¢) " Work pracess

Injection is used generally using three methods. They are the hand manual operation,
the stamping manual operation, and the electromotive operation.  Other wisc the most

recently, special method is used, too. Operation process is as follows; and shown in Figure -
732, : '

- surface treatment; . - IR
Using a disc sander, wire brush or the like, remove all laitance, dust, etc. from the
area along the crack for a width of about 7-8cm.  Oil and grease should be cleaned
off with a piece of waste cloth dipped into thinner. - :

- adhesion fitting iffjection pipe; _ . _
Along the crack, adherent injection pipe with epoxy resin.  Table - 7.3.5 shows
injection method into cracks.

- seating;
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(1) face treament (2) fitting injection pipe,
' seating

S s grack : ...‘.L_»:-créck
e R A
| L 7-8cm J _ sealing “""’]‘ injection pipe

(3) injection ' _ (4) remove piepe,
‘ finishing
‘e
injbct régin :
_ . THE STUDY ON _ _ o
|- THE NAINTENANCE AND REHABILITATION of Figure - 7.3.2
HIGHNAY BRIDGES in THE REPUBLIG of TURKEY
AUGUST, ‘1996 Operation Process of Injection

ORSENTAL CONSULTANTS GOMPANY LIMITED
in association with _
JAPAN OVERSEAS CONSULTANTS COMPANY LIHTED
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Using epoxy resin, seal the areas round the fitting pipe and thé front edges of the

crack for a width of 7 or 8mm and a thickness of about 3mm then let epoxy resin cure

until it hardens. Curing term is usual among 1 day or 2 days.

- injection; and

Pressurize epoxy tesin through injection pomp.  Confirm out flow from adjoining
pomp, defect pipe mouth and cure.

- finishing.

Remove filting pipe by cultmg it off, and finjsh the repalred portion to a flat surface

using a disc sander.

Table - 7.3.5 Injection Method into Cracks

crack width case of smalt - case of large
interval of setting pipe - 20cm~30cm 20cm~50cm
pipe type pipe with washer usual pipe
V cutting method of crack _ V cutting
section nothing (width = 3~5cm)
{depth = 3~5cm})
method of fitling pipe epm (egin cpow regin
for for pate
injecion pipe - injecion pipe

a)  General

| i) River Control by Protection of River Bank :

In the case of a winding river, riverbank proteclibn is installed in order to prevent
damage to a bridge from scouring and to rectify river flow. The scope of this protection
work, as shown in Figure - 7.3.3, must at least cover the area from where the outsxde bend of

the river begins and ends.

b) Selection of Work

In protecting an approach road, there are the following types of protection work;

- concrete revetment,
- stone riprap revetment with mortat,
» erib work with stone riprap,

- gabion, and
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THE HAINTENANGE AND REHABILITATION of Figure - 7.3.3

© [HIGHWAY BRIDGES in THE REPUBLIC of TURKEY _ . _
AUGHST, 1998 Scops of River Bank Protection
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- dumped fock.

Concrete revetments should be applied 1o areas where the water flow is fast and rough.
This means that they shoutd be applied to the outer bend of ariver,  As for gabions and
dumped rock, they should be applicd to low places of relative importance, such as a low water
channel in an emergency situation.  Regarding the types of work, they should be selected
taking into consideration material availability, consistency with previous work, esthetics, ete.
Howevet, for an atticulated conérete sevelment, the slope gradient must be shallower than 1.5 :
1 and its he|ght no higher than 3m, The slope gradient of all other work is to shallowér than
1.0:1. ' '

c) Application

In gabion work, since the corrosion of the wire netting of gabions shortens their
service life, they are either applied to locations of low priorily or urgent or temporary work is
carried out as shown in Figure - 7.3.4.

There are two types of gabions: gabiori mat and cynder gabion.  Below, these two
types are described.

- Gabion Mat
Gabion mat is applied to slopes with a gradnent shallower than 1.5 : 1 that require a
“change in their conlfiguration. it is especially suitable far machine-baced work.

- Cynder Gabion .
- Cynder gabion is applied to a slope gradicnt shallower than 0.5 : 1. It also has a

- flexible structure and can be applied to an uneven slope. - 1t is especially suitable for
“manual work. | - ' '

“dy material

' The materials of gabion are the wire net, cobblestone and crushed rock.
) Design
The size of the net hole shall be 10cm. - However, depending on the cobblestone

available, this could vary. In Ihc case of gabion mat, a mat is laid from the toe and the
shoulder of a slope as showa in Figure - 7.3.5.

In the case of cynder gabion, it is installed so that it extends lm out from the shoulder
" of a slope and*1.5m out from the toe of the slope as shown in Figure - 7.3.6. '

The dumped rock structure cruiibles rather easily, but it is also easy to lmplement It
is therefore used at locations of a relatively low priority durmg urgent and temporary repair
work. The slope gradient should be shaitower than 1.5 :1 or stability could be adversely
affected. ~ The material of dumped rock is cobblestone or crushed rock 150 to 300mm in
diameter.
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Figure ~ 7.3.4 Gabion Work

Figure -~ 7.3.5 Gabion Mat
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Figure ~ 7.3.6 ' Gynder Gabion

Figure - 7.3.7 Bumped Rock
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- As shown in Figure - 7.3.7, cobblestone or crushed rock is laid over the entire :ﬂdpe,
and extends 1m out from the shoulder of the slope and 1.5m out from the toe of the slope.

is then compacted into the ground.

7.3.2

‘The unit costs of éach construction item are based on the estintation standards of KGM. - _
However, if the erection method differs regarding the same items of work i.¢., scaffolding, etc.,
“these unil costs are calculated by increasing the standard unit costs as shown in Table - 7.3.6.

Preliminary Cost Calculation

Unit Cost of Construction liems

Table - 7.3.6 Unit Cost df Construction Items

Work Item Conlenls Unit Cosi($)
Excavation Foundation in the dry ne’ 15.00
Foundation below water n’ 34,70
Surrounding structure by hand ' 8.10
Surrounding structute mechanically n’ 4.20
Piles . -|Cast in place piles, 0.8m diameter m 252.00
Reinforcement Midd steel ton 784.00
High yicld ton 826.00
Presleessing strands fon 2,030.00
Concrete for 1. Unreinforced insitu
foundation et¢. grade 13 m’ 64.40
lean concrete grade 15 m’ 58.80
2. Reinforced insitu .
. foundation grade 22.5 m? 82.60.
Beams / slabs grade 30 m’ 168.00
- Piers grade 30 m’ 9520
" others grade 30 m’ £ 95.20
3. Reinforced precast . . '
Procast beams and others grade 30 - w’ 182.00°
L , | " Precast prestressed beams grade 45 - 149.80 -
Expansion Joints . [Deck - . o inm - 616.00
Rip Rap Concrete - - mt 18.90
Bearings Neoprene (dn)* 30.80
Waterproofing  |Shect system m’ 12,60
Parapels Steel pedestrian in i 77.00
Stone fill All sizes less than 0.3m m’ 15.95
Epoxy |For injection : m’ ** 22,40 -
Asphalt ' |Binder fon 33.60°
Diversion’ “|Temporary (all in} . edch - 70,000.00

~ Note : ** surface area

¥
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Justification of Unit Costs
The justification of unit cosis is presented in Appendix 5.
Fconomic Evaluation

The Economic Study is conce'méd with the ‘case studies’ of ten selected bridges.
These bridge are seen as being typical of the problems of bridge maintenance on the
State Roads in Turkey. The bridges themselves cover a wide spectrum of :-

- functions (from urban fly over to coastal road)

- lengths (from 21 melrés to 348 metres)

- ages (from S years old to 34 years old}

- remaining operational life before emergency action will be necessary (from 1 year to
10 years)

- Capacity {from dual carriageway wnth three lanes each to two lane road bridges).

In addition to the ten ‘case study” bridges, a further ten bridges arc assessed but in less
detail.

The methodology used is the cost/benefit analysis. This a'nalysis brings together the

capital and maintenance costs, and the traflic disruption ¢ost estimates on the cost side

of the equation.  On the benefit side, two key elements include:-

- savmgs in vehicle operating costs (excluding taxes}
- savmgs in vehicle occupant time, wherc the vehicle occupanl is wmkmg

The Costs and Benefits a’re related together in the standard way with Net Present

Values (NPV) and the Economic Internal Rate of Return (EIRR). The present yearis

taken as 1996. *The discount rate (opporiumty cost of capnal) is taken at 12% The

-analysis is internalised to the econiomy of Turkey.

Overall the framework setting for the study is that of -

- a rapidly growing population in Turkey, meaning that there are more people -
demanding transport services. ' o

- a rapidly gromng economy, which means that there are more people with the income

to pay for transport services. - Also the greater economic activity means that there is
a greater demand to move outputs and inputs around the country. :

The implications are:-

- that road capacity will have to be expanded. Asa consequence, it is possibte to
anticipate more motorways and the building of more dual carriageways
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4)

5)

-

8

- that the costs of traffic congestion are likely to rise significantly. ~ As a result, much
greater care will have to be excrcised in organising construction and repair activities,
as well as more care in planning such activities.

The results of the economic analysis of the ten selected bridges indicate that all the

projects earn good rates of economic return.  (Average - Median - 31% EIRR).  But

they | to not all need to be embarked upon immcdiately.

“The Cost Effectiveness Analysis indicates that repair is more eftective than

replacement in all cases with thie exception of Babadat. However, when taking into
account the dynamic situation of traftic in Turkey, the economic solution in two
instances is to build a paralle] bridge in anticipation of the dual catriageway.
{Babadat and Akcay Bridges). This will save the costs of temporary diversion
bridges.

The analy31s of the other ten bridges also indicates good rates of economic return for
the repair of the bridges (Average - ‘Median - 24% EIRR)

The most striking observation from the ten ‘case study’ bridge is that the problems for
each of the bridges do not relate to inadequacy of bridge maintenance alone and
therefore the focus for future management attention should not be too narrowly
confined, The probleins stem from:-

- poor workmanship in the original construction {several of the bridges)
- poor design (Buca Ust Gecit stip road)

- lack of traftic management (Buca Ust Gecit)
- materials problent (Hifal #)

- lack of proper management on the river.

Conscquently, it is clear that considerable cconomic bernefits could be attained for the

'I‘urkiéh economy by looking at:-

- engmeenng supervision and acceptance of contractors’ work at cotistruction
- specification of materials and their source
- traflic management and transport planning

. - Tiver managemenl

- From a review of the KGM budget for bridge maintenance, the overall implication is

that the current KGM budget for bridge mamlenance is somewhere between one fifth
and one half of what i required.

The economic analysis indicales that, quile aside from safety considerations, the
collapse or indeed forced closure of a bridge should always be avoided from the
viewpoint of the overall Turkish economy.

The economic analysis indicates hat the economic savings (to road usersy from
ensuring that the second bridge for the dual carriageway is in place before repairing the
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“Table B.

existing bndge will generally far oumcigh the costs 1o the highway agency (temporary
diversions etc.}.; The recommendation is that planning for dualling and for bridge
maintenance should be coordinated.

9 Except where motorways are likely to be built (or indeed where there may be road
realignments) the two lane bridge is likely to remain furictionally adequate for some
considerable time, especially as it is adapted to a single direction in both lanes.  This
contrasts completely with the early post-war generation of bridges many of which
were single lane bridges.  In these current circumstances the case for an increased
maintenance budget for the road bridges is greatly strengthened.

7.3.4  Environmental Evaluation

In Performing this bridgé maintenance and rehabilitation study project, the
Environmental Study is to be carried out in accordance with the environmental policy of Turkey
and JICA Guideline which prowdes the following principal objec{wes

- identify all possible impacts to be caused

- minimize damages on naturat conditions and circutustances
- protect biological resources and eco-system

- prevent or minimize negative effects anticipated, and

- promote sustainable development in the country

All study results are summarized and presented in this section. Details are discussed

~ in Chapter 9.

1) Environmental Impacts Anticipated by the Pro;ect

Assessment of effects has been judged based upon the repair and rehabilitation plan of
10 bridges and in acgordance with the Forms stipulated by Turkish EIA Regulation (1993) and :

“shown in Table A.

Overall environment impacts have been assessed by JICA Guideline and shown in

2) Mitigation Measures

As the results of the environmental assessment on the project, the following negative
impacts were clarified among 23 items and all are judged to be gencrated during repair works.

) Trafiic Congestion

“The works should be executed side by side in scquence, and one side be ahways open

to traftic controlled by signal except 5 bridge sites where temporary access diversions are 1o be

constructed.  In principle, these temporary diversions are to be demolished soonest afler repair
works are completed.
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b) Waste

Wasles shoutd be treated propcriy in accordance with the dlrccuon of field
supervisors or engineers.

: Monitoring should stricily be conducted by the field supervisors to check manners
applied to disposal or conditions of wastes at the constnuction sites.

c) Wate'r Pollution

Monitoriig should strictly be conducted by the field superwsors to: prevent inflow of
soils and disposal of waste and garbage, and drain dirly water into rivers and groundwater.

3}  Conclusions and Recommendations

Due to the nature of the project which requires only repair and rehabilitation work
without new construction, the potential negatwc impacts by the works are considered minimal
and could be of¥set by the positive economic and social impacts.  Successful performance,
however, will bring about benelits to traffic and related industries in the area concerned. 1t is
essential to take precaution measures for maintaining the present environmental condition
which is considered favorable in general

 However, it should be noted that environmental parameters marked with small eftect
may threat project sustainability if adequate  countermeasures are no taken. - Therefore,

continuous and appr(‘)prialc monitoring shall be required.

‘Table - 7.3.7 Effects on Control Itenis-Requirement of Turkey EIA Regulation {1993) .

No. Coatrel I1=rn Hridga No. Remarks
. tl2p3 ey s leip7 ] 8|9 ]io
1 |New Consteuction : x X % | % x x | x| x X % |Repair & Rehabititation
2 [Farth Wark x[xla]|lx]@]|a X | X | A& | O [Fortemporary access emiﬁn.kmcnl
3 |Etfedtto Flooding I x x | x P xx]xpx]x
4 [Construction Dust Alalaltalalala]lalal s |Bycoceesoping
5 |River Works % x|l Al x X X { X | X | X | A |Rathertobe Fsproved
6 |Usage of Water AlalalAla]lals] A & A |inwoerkinghosrs for dust control
) 1 raainky
7 |Solid Waste AlartAalala]ajala ] N N |Serapedconcrets andsome sl
3 {Construction Nedse AlaljalalaiAlal a ] AL A |Bycomretsbreakerinscraping
¢ [Cutting Trees at Road Sides x [ x|alx]o|Aa]x]| x| x| & [Motyinsidee KGM Lands
) ‘ . ‘ _ except No.$
10 |Efectio Firming Land X | x| x| xlo| x| x| x| x| % [Modlyinide of KGM Lands
. : L . excep('No‘S_
1l |pangrinContutionwork | s | Al lalalalalalal s lodingwek
12_|Effect 1o Flora snd Founa x [ x| x [ x i x| x| x]x]x]x '
| 13 lothees

| © Considerable | O Some A Minimal X Nil



Table - 7.3.8  Overall Environmental Impacts by the Project

|No.|  Environmental Item

11 |Soil Brosion

Impacts Reason:

Social Environment

1 |Resettlement None . Repair of exisling bridges

2 {Economic Activilies Positive impact | Temporary benefit by construction

workers

3 |Traflic/Public Facilities Minimal Only during repair work period

4 |Split of Communities . None _ - |

5 [Cultural Property None Such properties are not observed

‘ _ nior reported nearby
6 |Water Rights and Rights of None Fun fishing by local people only
Common _

7 {Public Health Condifion None - o

8 |Waste Slight {Small fragmenis by repair works

9 |Ilazards (Risk) None No slope cut or deep excavation
Natural Environment
10 |Topography and Geology None

Positive ITmpact

River Control work at Babadat
and Candir Hasanpasa Bridge

12 |Groundwater

None

No deep excavation

13 |Hydrological Situation

Positive Impact

Smooth flow by river control
work same as (11)

| 14 _|Coastal Zone None No earthwork at coastal bridges
15 |Fauna and Flora Negligible Roads traverse mostly cultivated
- area. No nearby Natural ©
: Reserves elc. éxcept Sardere
16 |Meteorology None -
17 |Landscape ‘None -

Pollution

18 |Air Pollution

" Positive linpact

Due to smooth running by vehicles

19 |Water Pollution _ Slight Only during repair works

20 |Soil Contamination - None .

21 |Noise and Vibration Positive Impact  [More smooth traflic after
repairing

22 [Land Subsidence None - -

23 |Offensive Odor None - -
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‘Chapter 8§  Economic Study
‘81 The Concept of the economic study
8.1.1 - The Requirements of the Scope of Work, Inception Report, and Interim Report
- The Scape of Work indicates that the following - should be covered:
2 to collect, review and analyse available data, information, reports and plans
relevant to the Study

- Socia-econaiic and traffic data

2 (4) 1o estimate the rehabilitation cost and conduct economic analysis of
relabiliration measures of selecred bridges

As such, the requirements basically relate to the economic assessment of the ten
selecled bfidgcsﬁ However it has been our intention to try to take this further, and, drawing
upon the analysis of the ten *case sludy’ bridges, try {0 see if there are general economic
guidelines which could assist in establishing a bridge management syslcm(BMS) for KGM.

_More detail on the SCOpe of Work is given in Appendix 6 1.

8.1.2 Co_ncept of the Economic _St_udy
The incepli'on'chon succinctly Slatcs the key point:
‘ /f s approprmfe Jfor ?Irm?ey 1o initiate a program for implementation with a view 1o
systematically . maintaining, rehabilitating and sirengthening all bridges on state

higlhways in an overall bridge management systent.

The General Directorate of Highivays, Ministry of Public Works and Settlement

o (KGM) is in charge of the maintenance and operation of around 31,000 kilomelres of national
* highway network, which includes more than 3,000 bridges. Maintenance of the bridges has

been rehatively minimal (because of an inadequate level of budget allocation)  and this lack

. of mainténance has led {0 deterioration in some of the bridges such that more coslly repairs

will have to _bc efféct_cd‘ Indeéd, replacemenls will have to be considered in some instances.

-~ So, lhc aim of this econOmlc study has been to investigate the costs of this Jack of

- maintenance and (0 lry to see what would be the economic benefits of improved maintenance.

These economic benefits would then underpin the case for ensuring that lherc is an appropnate

f levcl of budget for such mam!enance on a regolar bas:s

The intention has been to try 1o make this economic analysis as realistic as possible,
drawing upon the ‘case studies’of len selected bridges. (See Figure - 8.1.1). In this way,
the conclusions and recommendations should carry a real avthotity in setting out the economic’
case for expendilure on  bridge maintenance.
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8.2.  Methodology of the Economic Analysls

£.2.1  Introduction

The cconomic analysis has foltowed the methodology which is now widely accepled.
For cach of the ten ’casc sludy’ bridges it compriscd:

a) a cost effcctivencss analysis by comparinig the estimated costs of repair with the
cstimated costs of replacement over the whole life of the bridge

b) a cost bencfit analysis of the repair project fo csiimate the Economic Intcrnal Rale of
Return (EIRR) of the project.

The costs have comprised the usual capital and mainfenance costs, as well as the costs
of any temporary diversion works, where these are necessary. In addition, the costs imposed
upon road (bridge) users have been estimated by means of delays to such users.

On the benefit side, the principal benefit cstimated has been the road user cost savings
for the period over which the “next best aliernative’ has been avoided. The broad methodology
can be illusteated in Figurc - 8.2.1.

~ In order to follow this approach we dcvclOpcd a scries of modules which could be
uscd for carrying out the catculations for the economic analysis. These modules were then able
10 bring together the data so that the usual calculations for Net Present Value (NPV) and
Economic lnlcmal Ratc of Return (EIRR) could be carricd out. The modules include:-

‘Traffic Module :
Capitat Cost and Mainicriance Module -
Traffic Disruption and Detay Module:
Cost-Effcctiveness Module
Benefils Module

Cost/Benefit Module

The detailed approach in cach of these modules is discussed in the following
subsections

8.2.2  Traffic Forccasting

For cach of the *case study® bridges, we have used the forecasts prepared by KGM's
Cost and Transport Analysis Division. The exceplion to this is where we have used the base
data from the fzmir region for the urban bridges included in this study, namely Buca Ust Gecit
and Hilat 1. However the same rates of growth as those used by the Cost and T ranspord
Analysis Division have been applicd to the new base.

Traffic growth on all the bridges is expecied 10 be considerable. For several of the
bndgcs it is ctear that dualling will take place in the rclallvcly near future. On some of the dual
carsiageways, it is clear that these will have to be widened in the future from 2x2 to 2x3.
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Figure - 8.2.1 Location of Case Study Bridges and Truck T raflic

To assess the need for dualling, we have used the forecasts of KGM's Cost and
Transport Analysis Division and combined these with the threshold traftic levels calculated by
KGM's Planning Division, based upon the service level concepts developed by the USA Federal
Highways Board. (See 6.2). Each of the forecasts for traftic on the individual bridges  is
shown in the delailed economic analyses for each bridge in the Annexes.

. 823 Capital'C'ost and I\J‘lﬂintenance'‘C(’)stsE

_ ~The capnal and mamtenance costs for both the repair aad the replaccment of the ten

- case study bridges were estimated. (See - 6.2.1). The costs of the various repairs to the ten
“bridges varied considerably as a percentage of the rcplaccment costs (from 2% to 81%). OF ?“g,}
‘course, the higher' the repair cost the more likely it is that replacement is the more cost
~effective option. Indecd, in the case of Babadat bridge, this is the best solution if il is

necessary 1o build the temporary diversion bridge when repair takes place. In fact, in Babadat,

it is more cost-effective to first build a new second bridge in anticipation of the needed dual

carriageway bridge and then to repair the Babadat bridge using the new bridge as a temporary

diversion.

“As well as lhc costs of repair and rcphccmem the time to do the repair ]ObS are hown
in 2.2 of this chapter.



824  Traffic Disruption and De_lay

From the viewpoint of the cconomy, the limé to unidertake repalrs is a crucial elenient
in the whole cost side of the cost/benefit equation . Whilst the agency may aot be paying these
costs of disruption dué to roadworks (usually road user ‘delays and increased vehicle operating
costs), these costs still do have to  be met by the road users,

We  have atteripted (o estimate these delays by different means 'iccordmg to the
type of delay, of which there are three:-

B ) single lane w;lh WO way trafii fic, necessitating control by traffic lights. For the

delailed assessments, see Appendix 6 2.3, which have followed the assessments of
delay at interscctions developed by the USA Federal Highways Board,

2} use of the parallel bridge on a dual carriageway, necessitating training two lanes in
one direction into one iane with opposing iraffic in the adjacent lane. The change in
v/c ratio has been related to an average travelling speed over the affected distance.
These average travelling speeds have then been related to vehicle opérating costs
ssing the asscssments developed by the UK Transport Research Laboralory (TRL) in
their COBA programmes.(See Appendix 6 2.4)

3) taking the traffic off the road onto a temporary approach road and bridge (normally
two lane)

These detay costs will build up according to the level of traffic and the consequent
reductions in travelling speeds. Indeed the disruption costs can far exceed the capital and
maintenance costs of the bridge.

The Vehicle Operating Costs (VOC) used in the analyses arc those davcloped by the
Planning Division of KGM  (Sec Appcndw 62. S)

8.2.5 Beneﬁt Eslzmauon

Benefit estimation is one of the more controversial aspccls of appralsmg bridges.
Three different approaches tend 1o be used, as follows:-

1) the savings 1o road users from not havmg to use an alternative detour.  route for the
remainder of the life of the project ace taken as the benefit of the capital spending on
a repair.

2} ~ the savings to the hlghway agency, because a repair project allows the highway

agency to defer capital expendilure on a replacement bridge for a number of years.
The savings from this deferral arc treated as the benefit of the projeci in that this

"~ capital could be uscd in the meantime o genérate benefits on another project In ‘
effect,  the benefits in the use of the alternative project  are the benefifs accruing to
this bridge repair project.

3) the savings to road users from not having to use the *ncxt best altemative’ - usually, a
more lemporar} bridge structure. Often this *next best alternative’ can be notional.



The - aljg_naj_vc detour app[mg o
The alternative detour approach is only valid where the dclour is gcnulncly

realistic’. Oftcn the detour approach is mistakenly used without recognising that lhc detour
route ¢an noi possibly cope with the diverted traffic without there being Jarge costs incurred in
upgrading the detour route, such that it cannot be a long-term option.

~ The detour analysis docs scrve one function in that it do¢s help 10 focus upon how
ctitical a bridge can be in terms of its lynchpin rolc in the road nelivork. Whilst the detour may
not be a valid leng-ferm measure of benefits against a capital cxpcndllurc (unless it also
happens to be the "next best aliernative’), it does highlight how crucial the bridge’s role is
and thus how quickly its role witl have to be made good shoutd it have to be closed or indeed
collapse.

Our assessments of the detour alternative indicale very high rates of cconomic retum,
and basically we have treated these as nof realistic, because other less coslly alicrnatives
would be introduced. The informiation on the detour alternative is included in the individual
annexes showing the cconomic analysns on the individual *case study’ bridges.

The deferial of capifal expenditure

This approach tends to focus upon the highway agency only, and in cffect measures
the relurn on any one projeet by the returns which the agency can achicve elsewhere. This
approach tends to standatdise the returns and ignores variations in benefits that any one
project can achicve. It is a uscful measure for the highway agency but decs not reflect the
cconomic impact for the cconomy.  However, the information on this alternative is included
‘in the individual annexces showing the cconomic analysis on the individual ’casc study’
bridges.

The *next best allcméti\éc’

Undoubicdly !hls approach offms the most scnsible assessment of the cconomic
 returns associated with a bridge appraisal. The *next best allernative’ is often reflected in what
~ was dong before the new bridge was built. It mlght have been a smaller and Jess cobust
structure. It might have been an alternative such as a ferry or a pontoon bridge ete, This *next
best alternative’, which can often be "nofional’, appears 1o best reficet the cconomic returns
being gencrated by the capital expenditure on the repair of the bridge.

82,6  Cost/Benefit Analysis

The Cost Benefit Analysis brings together the capital and maintenance costs and the
traftic disruption cstimates on the cos! side of the cquallon No afternpt has been made to
* apply any shadow pricing (we assume that market prices reflect economic resource cosis) but
the costs exclude taxes. On the benefit side, the two key elemeénts include:-

savings in vehicle operating costs (excluding taxes)
savings in vehicle occupant time, where the vehicle occupant is working




No attempt was made 1o include any changes in the incidence of accidents, because of
the lack of clear cvidence on this aspect. -

‘Fhe Cosls and Benceits were related fogether in the standard way with Net Present
Value (NPV) and the Economic Internal Rate of Return (BIRR), ‘The present year was faken as
1996. The discount rate (opportunity cost of capilal) was taken as 12%. The analysis was
internalised to the economy of Turkey.

83.  Economic Analysis of the Ten Sclected 'CASE STUDY! Bridges
83.1 Introduction

‘Fen bridges were selected as being typical of the problems of bridge maintenance on the
State Roads in Turkey. The locationis of these ten bridges are illustrated in Figure 1.1 (Page ).
The bridges themselves cover a wide spectrum of :-

functions {from urban flyover to coastal road)

lengths (from 21 metres to 348 metres)

ages (from 5 years old to 34 years old) 7

remaining operational life before emergency action will be necessary (from 1 yearto 10
years) ‘ .

capacity (from dual carriageway with three lanes each to two lane road bridges)

The ten 'case study’ bridges are listed in Table - 8.3.1. The detailed economic analysis
for each of the ten bridges is shown in individual annexes for each of the bridges. The economic
findings for each of the ten bridges is briefly discussed in the following subsections.

832 Framework Settihg

Highway Development Prospects

As indicated in the Interini Report (Seé Section 2.2) the total road network in Turkey
approached 400 000 kilometres. : The network is being rapidly upgraded rather than being
extended. So the key aspects are:- - '

- introduction of a motorway system

- dualling of existing single carriageway roads -

- paving unpaved roads ' _ _
- general improvements (widening, climbing lanes, realigninent, etc.).

The major roads comprise the:-

- moforway systen (1167 km)
- state roads (31389 kmj
- provincial roads (28443 km)

- (Interim Report - 1995 figures).



Table - 8.3.1° Key Features of the Tew’ CASE STUDY’ Bridges

Name & Division Eength Ape Teaffic - Function of Dridge Years left before
nietres (Yis) AADT .| emergeiey

TAMIR -

[Boca Ust Geoit 130 n 30000 Utban Flyover 10
(8lip Road only) : : :
Hilal -l (2:3) N EE 5 60000 . | Urban Flyover : ]
ANKARA ‘
Rabadet (2 lase) l 252 l 31 | 7322 Main Road 3
SANSUN T ' _
.Scl) & {dual, 2 down, Jup) | 217 5 249 Ceastat Road 10
Akcay (2 Iam) 1069 kL) £003 Coastal Road ‘5
Koparan 1 (2 lanc) 3745 T 3331 | MainRead )
Azagi Cakah(dua! 2\(2) -] TL5S 9 | 7837 . Mazin Read ) 3
TRABZON .

[Getincik (2 12ne) I 315 I 33 | 3775 I'éomt Road 10
ANTALYA '
Sardere (2 lane) | 4315 1_10 | 5719 lnainaoad _ B
BURSA _ —
Candir Hasanpasa (2 1ane) | 1139 n 1935 ] Xaia Road Bl
AVERAGE w231 1835 | 16140 _ 3

The key implications for the bridge network on stat¢ and provincial highways
(approximatety 173 000 linear metres) are that

- new bridges are being built for the motorway systcin
- - paraltel bridges ére needed when the main roads are duatled

' Traflic growth is very substantial, lyplcally belween 5 and ]0% per annum. Vcluclc
ownership continues to grow rapidly.

The overall 'developmcnt prospects for the highway network is that there will be strong
pressure to provide more road capacity (mainly lhrough dual carriageways) as demand continues
1o ificrease.

Future Projection of Indices (Socio-economic and Traf¥ic)

Al the indices point to a strong growth situation 1hrough the next fow years.
Population is expected to INCrease as follows:-

Turkish Population lmillions)

19060 56.5
2000 ' 702
2010 ' 87.2



.:; The population (according to the State Institute of Statistics) will be 54% greater in
2010 than it was in 1990.

Since 1981, real economic growth in the Turkish economy has averaged more than 5%
per annum. Ifthis rate can be sustained, then the Turkish economy, as measured by GDP, willbe
twice the size of 1995 by 2010.

Over the fast hvénly years, vehicle ownership has grown at more than 11% per annum
On average. The increasing numbers of vehicles have inevitably led to increasing traffic levcls

and a greater demand for road capacity.

Framework for the Study

Overall the framework for the sludy is that of:-

- a rapidly growing population in Turkey, meaning that there are more people
demanding transport services.

- a rapidly growing economy, which means that there are more people with the income
to pay for transport services. Also the greater cconomic activity means that thereis a

greater demand to move outputs and inputs around the country.

These growth factors translate into rapid increases in traflic, which for the ten case
study bridges range as follows:-

Average Anmlal Growth Ratesin T raﬂlc

Cars 10.0% - 12.0%:
Buses 2.9%- 6.0%

© - Trucks - 3.0% - 8.0%
Trailers 2.1% - 7.9%

The implications for bridges and for this study are twofold:- '

1) that road capacity will have 10 be expanded. So, it is possible to anticipate more
motorways and the building of more dual carriageways

2) that the costs of traffic congestion are likely to rise Slgmﬁcamly So, much greater care
will have to be exercised in organising construction and repair activities, as well asmore -
care in planning such activities.

83.3 Findings for the individual bridges

- Buca Ust Gegit {Jzair) -

This particular bridge is part of an excepnonally complex road juriction within the urban
_road network of Izmir. Already the junction carsies a considerable level of traflic on the over-
bridge (50000 vpd), whilst on the underpass, traftic appears to be about (25000 vpd). The



damaged bridge is the slip road off' the main flyover. This one way Siip road (two lanes) takes
traflic into the centre of Jzmir.

_The slip road was a later addition to the original junction and has resulted in a bridge
where height clearance on the underpass is inadequate {4 metres) for the southbound, single lane,
downhilt traffic whilst it is a better clearance, because of the topography; for the northbouid,

“two lane, uphill traffic. The bridge has been hit several times by trucks. The outside girder is
damaged with rcmforcmg rods pulled out and distorted. .

The more costly oplions for rep’ai'r, such as

raising the deck
lowering the {eve!l of the road

are rejected as being unnecessarily costly. The simpler option of a traflic management
scheme, such as the use of goalposts, perhaps linked with lights on the bridge to warn truck
drivers, is rejected on the grounds of practicality. Consequently the solution is a simple repair
costing only about US$9000 (USS$7Q00 repair costs plus US$2000 for traflic control) to make
good the girder. The repair should take about 1§ days The difficulty with this simple squtlon is
that probably the bridge will be hit again and the repair will have to be repeated

The EIRR on this small repair project is eslnnated to be about 43%.

The problem for Buca Ust Gecit has largely been caused by pbor design of the slip road
and by inadequate traftic management rather than by failurés in maintenance.

Hilal-TI (Izmir)

Hilal 11 performs a cnucal ﬁmcuon in'the urban road nelwork carrying 60000 vpd over

N “both the river and the ra:lway line. It also compiises a junction, firstly, taking traflic further round

“what is in eftect an inner ring road for Izmir, and, secondly, allowmg traffic on and off' a
conneetion into the commcrcral centre of lzmir, :

The problem for Hilal Il arises from a problem of matenal selection for the concrete (the
sand) which during the coarse of the has been confirmed as aggregate silica reacuon

With trafitc growing so fast in Jzmir, closure for Hilal I1 is unthinkable, in that the

“congestion costs imposed on road users will be very large. Whilst there are new roads being built

- “which will help the urban traflic situation (the motorway to Aydin, the inner freeway by lzmir

' Bay), it seems likely that traflic growth {demand) wilt continue to stay ahead of road supply for

. the foreseeable future. Consequently Hilal Il will continue to play a vital role.

The repair project is estimated to cost US$350000 (US$340000 for repairs and
US$10000 for traflic control). Traflic will have to be trained into two lanes instead of three lanes
and repair work is estimated to take about 100 days The traftic disruption costs ;mposed upon
users will easily exceed US$ 1 million. The econoniic returns (EiRR) I‘rom the repair are
estimated at around 24%. .
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Babadat (Ankara)

':Bab'a_da_t' is a simple two lane road bridge carrying a substantial truck, trailer and bus
traftic between Ankara and key centres such as Eskisehir, Izmir and Antalya. Poor workmanship
in the original construction has left the substructure as inadequate and indeed now dangerous.

The economic analysis indicates that replacement is more cost-cflective than repair,
because it will be necessary to close the bridge and build a temporary bndge whilst repair work
takes place However, the road shortly will need dualling, consequemly it is best to build the dual
cartiageway bridge first and then repair the existing bridge. The repair cost is about US$52000
plus US$73000 for diversion costs. The repair will take about 100 days.

The EIRR even from repairing the existing bridge is nearly 31%. Avoiding the costs of
building a teriporary diversion bridge will increase the rate of return on the project. '

Selyeri {(Samsun

The westbound two tane downhill carriageway has a separate and much older bridge
than the three lane uphill eastbound carriageway. Lack of maintenance and poor workmanship
have contributed to the cuirent situation . Some US$ 37000 needs to be spent on repair, plus
US$10000 for trafiic controls. The repair project will take about 35 days and this spending is
likely to achieve an EIRR of around 26%. Traffic disruption costs are kept relatively low because
traflic is not so high, and the parallel bridge allows the disruption to be conimed to pushing two
lanes of traftic i mto one.

Akcay (Samsun}

""The bridge at ‘Akcay performs a key function as a two lane coastal road mmung

~ alongside the Black Sea, where the opportunities for diversions ate very few because of the
‘topography. The road connects Samsun and Trabzon. It is the only Gerber bndge in the ten 'case
“studies'. Whilst repair is a more cost- eﬂcctwe solution than replacement, the forthcoming need

for duallmg means that it is better to build a new bridge in anticipation of the dualling, and lhen
repair the existing bridge. - :

Poor workmanship and the lack of maintenance have contributed to the current
situation. The cost of repair is estimated at US$78000 plus US$73000 for the diversion. The
repair will take about 80 days. Even as a repair project inchiding the costs of a temporary
diversion bridge the project earnis an EIRR of 31%.

Koparan 11 Sallzsun]'

Koparan 11 is on a two lane highway connecting Ankara with Samsun. Poor orkmanship
has been the main factor in the current situation. Costs of repair are estimated at US$32000 but
it witl be necessary to build a temporary diversion bridge (US$73000). The project earns an
EIRR of nearly 17%.
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Asagi Cakali (Samsun}

' Asag: Cakalli is the newer of the parallel two lane bndgce of the main road between
Ankara and Samsun and is on the northbound carriageway. Despite being the newer bridge (built
1986), exceptionally poor workinanship in construction has contributed to the current situation.

These {wo brldges provide a considerable level of economic benefit because they cross
quite a deep valley ravine. The ‘next best alternative’ would involve a flimsicr structure which
would increase the distance needing to be driven as the road makes its way down the valley.

Usmg the parallei bridge allows lhe raflic disruption costs to be reduced but they are
still considerable because two lane traffic is pushed into one lane ‘and that one lane has to face
opposing traflic in the adjacent tane. This paraltel bridge can be used as the temporary diversion
only within the next four years or so. Afler that, the costs of traffic disniption become excessive
and it would be necéssary to build a temporary baitey bridge.

The repair costs total US$163000. The EIRR on the repair project exceeds 100%. This
high rate of return reflects the high rate of user benefits being gencrated by the bridge because it

- crosses a substantial valley ravine, and it also reflects the long economic life which the bridge

should enjoy after repair, since it is cusrently only nine years old.

Gelinéik {Trabzon) - formerly known as Ivyan Sogukpinar

The bridge at Gelincik performs a key function as a two lane coastal road running
alongside the Black Sea, where the opportunities for diversions are very few because of the
topography. The road connects Trabzon and Rize.

Tt is a difticult pmject which will take some 250 days, because it is siot poss:ble to close
the bridge. The cost‘: of repair total US$59000. The EIRR on the project is some 15%. Traflic
disruption costs are considerable because it will be necessary to aperate traflic lights with one

“direction at any one time.

Sardere (Am_alyé)

Sardere is néar to the point of being unusable because one of the slabs is near to
disintegration. Some US$ 36000 needs to be spent upon repair. In addition a temporary
- diversion bridge will be necessary (US$88000}. Poor workmanship at the time of construction is
- to blame for the current situation. The repair project should earn an EIRR of nearly 41%.

Whilst the river quarrying of aggregates does not appear to have affected the bridge,
nonethetess there is such an operation there upstream of the bridge. The impact of these
guarrying operations upon the river regime should be investigated and monitored, as necessary.

Candir Hasanpasa (Bursa)

Candir Hasanpasa is near the point of collapse. Inadequate atlention appears to have
been paid to river management with the result that the downstream weir has collapsed and this
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has acceleraled the speed ofnver flow. Upstream there are all types of river quarrying of
aggregates but no attention appears to have been paid 1o how this affects the velocity and
ferocity of the river and its cotirse. The result is that after 23 years some of the bridge columns
are dangerously exposed and scoured to the point of collapse.

Some US$117000 has to be spent on making good the bridge, taking some 100 days. In
addition it will be necessary to build a temporary diversion bridge and approach roads
(US$73000). The EIRR from the project is nearly 33%.

8.3.4 © Summary of Results

The results th_he economic analysis‘ are sunminarised in Tablc -832 anﬁ 8.3.3. Alithe
projects earn good rates of economic return. They do not all need to be embarked upon
imimediately.

E‘ When disruption costs to road users are taken into account,

- it is somelimes better to build a parallel bridge in anticipation of dualling, and then
repair the existing bridge (for example, Akcay)

- or, it is sometimes better to advance the repair, when a parallel bridge on a dual

© carriageway can cope with the diversion. Ifit is left too long, the disruption costs are

50 great as to necessitate building a véry costly temporary diversion bridge (for
example, Asagi Cakalli)

‘The Cost Efl‘ectweness Analy51s indicates that repair is more eftective than replacement
- in all cases with the exception of Babadat. However, when taking into account the dynamic
situation of traffic in Turkey, the economic solution in two instances is to build a parallel bridge
in anticipation of the dual carriageway. This will save the costs of temporary diversion bridges.
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‘“Table - 8.3.2 The Lconomlc Solutions .

| Dual Carriagewvay

(westbound onty)

- fwo lanes into one to
reduce vibration.

Bridge Name ‘The The Disruption to Road Economic Comment
- Solution Usérs _ _
Buca UG(Izmir) Repair Close stip road and divert | The bridge is part of the .
(slip road over-traflic; traftic lights | overall urban road
westbound only) - for under-traflic. One lane- | network. Full capacity is
. _ ey one way. ' | nearly reached.
| Hilat-¥I (Tzmir) Repair Repair using traflic contro!l | Part of the overall urban

| road network. Fult

capacity is nearly reached.

Babadat (Ankara)

Build new

Minimal, as new bridge

Dualling already required

(Two lane) paratlel - will be diversion when at service level ‘D', and by
_ bridge. repairing existing bridge. - | 2001 at ‘B, -
Selyeri {Samsun) | Repair Paralle! bridge as diversion | Already dualled, but 3
(West bound - two lanes into one. lanes downhill required by
carriageway) _ 2004,
Akcay (Saiisun) 2 | Build new Minimal, as new bridge Duallmg already reqmrcd
larie Gerber parallel will be diversion when at service level 'D', and by
Bridge) bridge. repairing éxisting bridge. | 2001 at 'E".
Koparan Il Repair Temporary ‘culvert' bndge Dualling required in 2008
(Samsun) (2 Lane) | as diversion. al ‘D' service level.
Asagi Cakalli Repair Use paralle} bridge as After 1999, traflic is too
(Samsun) ' diversion - two lanes into | high to use parallel bridge
(Northbound one. effectively.
carriageway) _ . _ _ e
Gelincik (Trabzon) | Repair Traftic lights for one lane- | Dualling required in 2603
(2 lane) - L one way. at ‘D' service level, :
Sardere (Antalya): | Repair Temporary culverl‘ bndge Dualling requlred in 2004
(Two Lane) . as diversion. at ‘D' service level.
Candir Hasanpasa | Repair- Temporary 'culvert' bndge Duaklmg required by 2003
(Bursa) (Two : as diversion. | at service level 'D', and
Lane) 2009 at'E'.
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Table - 8.3.3 The Results of the Economic Analysis

(FIGURES APPLY TO REHABILITATION IN 1996) .

Bridge Name EIRR with | EIRR with | Repair or Replace | Comment
'next best detour
alternative’ | alternative

Buca UG{}zmir) 43.1% 53.8% Repair by 2004,

(slip road ' '

westbound only) .

Hilat-1 (Jznir) 24.5% 39.7% Rehabiitate in

Dual Carriageway ' 1990s

{westbound only) - . = :

Babadat (Ankara) | 30.6% 166.7% Replace in 1998. | Dualling is a key
(Two lane) But better is to factor

build dual bridge
in 1997 and

| _ Repair in 1998
Sclyeri (Samsun} | 26.3% 55.4% Repair 2004

{West bound :

carriageway) - :
Akcay (Sanisun} (2 | 30.8% 92.1% Put in dual bridge | Dualling is a key
lane Gerber by 1999 and repair | factor

| Bridge) in 2000
Koparan 11 | 16.9% 79.8% Repair in 2004
(Samsun) (2 Lane) | ' _
Asagi Cakalli 106.9% 284.2% Repairin 1998 - | After 1999 traffic
{Samsun) ' will enforce costly
{(Northbound diversions
| carriageway) L - I R

Gelincik {Trabzon) | 15.0% 45.4% | Repairin 2000 . | If delay to 2001 then
Qlane) ~ 1 o S * | better to replace . |
Sardere (Antalya) | 40.8% 632.0% ' | Repair 1996 Closure will enforce |
{Two Lauc) - B ' L repair '
Candir Hasanpasa ' | 32.7% 617.2% Repair 1996 Without repair :
{Bursa) {Two collapse wilt force -
Lane) replacement
Average Median 30.7% 86.0%

8.3.5  General Observations from the Economic Analysis

Focus for future management attention

The most slriking observation from the ten 'case study' bridges is that the problems for
- each of the bridges do not relate to inadequacy of bridge maintenance alone (See Table - 8.3.4).
The problems stem from

- poor workmanship in the original construction (several of the bridges)
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- poor design (Buca Ust Gecit shp road)

- lack of traffic management (Buca Ust Gccnt)
- materials problem (Hilal 1) .

- lack of proper management on the river.

Consequently the focus for future management attention should not be too narrowly
confined. It i is clear that considerable economic benefits could be altained for the Turkish
ctonomy by looking at:-

engineering supervision and acceptance of contiactors’ work at constmctton
specification of niaterfals and their source
iraffic management and transpotl planning

© river management

Integrating bridge management and road planning

Turkey has reached the stage of very rapid growth in tratic, with the conscquent need
for dualling many of the major arterial roads and indeed the need for building motorways for
carrying the traffic. Whereas many of the first generation road bridges (single lane bridges) built
after World War I were quickly overtaken by the unforeseen growlh in tyaffic, now, by contrast,
many of the two lane bridges could sce a considerable economic (service) life as the arterial
roads are dualied and the two lane bridge built for two way traflic becomes a two fane bridge
catering for traflic in one direction. This dualling results in more than a doubling of road capacily;
it results in a near a tripling of capacity because of the benefits of being one direction.

. The need to dual opens up the opportunity for building a new second bridge for the dual
* carstageway and then using that bridge as the diversion bridge whilst repairs are undertaken for
- the original bridge. 1t is clear that the

‘ - information on plans for dualhng and increasing the numbeér of fanes for roads, and
- mformalmn on the condition and ilkely deterioration of bridges

: should be coordmaled and contmually updated. The opporhmmea for gammg
economic benefits for the Turkish economy are considerable when it is possible to avoid the costs
of diversion bridges , and the costs of traffic disruption. Even in these 'case studies’ of ten
bridges, two of them (20%) offered this opportunity.
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Table - 8.3.4 The Critical Problem Areas

Bridge Name The key reason for the problem | Focus for management
_ S : attention
Buca UG(Jzmir) (slip | Poor design and inadequate Traflic Management,

road westbound only)

traflic manageinent measures.

Hilal-H ([zmir) Dual

Materials and their source.

Specifications for materials

constiuction.

Carriageway _ and source of such.
‘Babadat (Ankara) Poor workimanship at original Supervision of Construction.
{Two lang) construction. :

Setyeri {Samsun} Poor workmanship at original Bridge Maintenance.

(West bound construction. Lack of bridge ‘Supervision of Construction.
carriageway) maintenance. j

Akeay (Samsun) (2 Lack of bridge maintenance. Bridge Maintenance.

Jane Gerber Bridge) Poor workmanship at orlgmal Supervision of Construction.

Koparan 1T (Samsun)
(2 Lang)

Poor workmanship at original
construction.

Supervision of Construction.

maintenance. No control on the:

river regime.

‘Asagi Cakalli Poor workmanship at original Supervision of Construction:
(Samsun) construction.

(Northbound

carriageway) _ . .
Gelincik (Trabzon) (2 | Poor workmanship at original | Supervision of Construction.
lane) ‘| construction. _ '
Sardere (Antalya) Poor workmanship at original River Managemerit.

(two Lane) construction. Lack of bridge Bridge Management.

Supervision of Construction.

Candir Hasanpasa

(Bursa) {Two Lane)

Lack of mairitenance for river
structures (weir) and lack of
management on the use of the

1 river bed (aggregate mining).

Lack of brldge maintenance.

River Management.
Bridge Management.

Obtaining information on TralYic Dismption Costs

In common with most other areas of the world, the costs of traflic disruption to the -
economy in Turkey, through increased road usér costs, often turn out to be higher thas the costs
of the actual engineering works to repair the bridge, a cost which is met by the highway '

ulhomy Indeed in some instances the costs are such that it is better to plan the timirig of the
repair works such that traflic dlsrupllon costs can be reduced Such an approach might even
mean bringing forward the repair by as much as sone years terms of years.

In order to make these kinds of decisions, it is essential to have information on the likely
costs of traflic disruption at any bridge. An example of the way in which traftic disruption costs
can escalate as time passes and as traflic grows is illustrated by Gelincik Bridge, as shown in

' Figure - 8.3.1 below.
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Box 2A -Economic Life

It is difficult to assess the economic life of a bridge, even after assuming that the bridge
will not be made obsoete by some change in any of the following - the road system, theé transport
system, the economic system, - and even after assuming that the bridge will not be rendeced
madequate by the growth in traftic volume. The difficulties arise because the bridge is subject to
varying factors which cannot easily be foreseen, namely _

- occasional; exceptional oxéerlo'ading' by trucks, and accidents
- action by the river (flood) :

- general environment (wealher and polllmon)
- exceptional events, such as earthquakes

Of course, there are also other factors which can deteriorate the bridge, including
design subsequently judged to be inappropriate
poor construction {inadequate supervision)
poor gualily materials

* The shorter the economic life, the fewer the benefits delivered by the bridge. However,
judging the future economic life can not be a precise judgement. Another difficulty with
economic life is that the various elements of a bridge have diftereat lives in ihemseives along the
following lines:-

STRUCTURAL ITEMS 50 years
NON-STRUCTURAL ITEMS 2-15 years

Prior to the 19805, KGM did not paj,' substantial attention to the concept of designing to

taken the view that the economic life of the road bridges is 50 years. This may be considered a
consérvative éstimate. Also best engmeermgip]annmg judgements have been made in order to
indicate the likely year when urgent emergency action will have to be taken, i.¢. the year when the
bridge will become unusable,

a particular economic life, but since the 1980s, bridge design has taken into account the conéepts|
ofdeSigmng for the 1in 100 year flood and similarly for the eanhquake In this exercise we have| -
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Table - 8.3.5 Econoniic Returns for The Other Ten Bridges

Bridge Name | Next Best Alternative | Alternative Detour | Defersal of Capital
' Expenditure
Hudut I (Izmir) 20.0% 57.9% 12.2%
Porsuk (Ankara) 24.3% | 77.5% 19.1%
Merzifon (Samsun) | 31.5% T1632% 25 4%
Ust Gecit 1 (Samsun) | 22.0% 161.0% 14.6%
Pas'a Pi:na.r (Sam‘sﬁn) 17.5% | .53_.5% 7.8%
Hacimusa (Samsun) | 23.5% 82.8% : 8.6%
Harsit (Trabzon) 50.3% | 238.6% 148.7%
Topalli (Trabzon) | 24.5% 77.6% T20.0%
Degirmendere | 25.1%  [56.1% 1193%
(Trabzon) : . . '
Sotakli {Trabzon) | 16.4% 61.0% - 1.20.2%
Average 23.9% | 63.2% T19.2%
Median :

8.;3 6 The Other Ten Bridgeé of The Twenty

The Economic Analysis was extended t6 the other ten bridges of the twenty, The . .
results were found to be similar in that the median EIRR was around 23.9% compared w:th
30,7% using the ‘next best alternative” approach. The ‘Alternative Detour’ approach gave
results that were 2.8 times higher than the ‘next best altemauve (Sec Tab!e 3:3.5) for both the
original ten and the other ten. : -

Again, with the other ten bridges, as with the original ten, repair was always a better
option than replacement. The only ehceplton to this saluahon was lhe Babadat Bndcre as
iltustrated in Figure - 8.3. 2 below. ,

837 Prioritising the Ten Selected Bridges from the ‘Economic Viewpoint”

All the ten selected bridges requiré repairs, as indeed do the other ten bridges. They

cannot all be repaired together, nor need they be. From the ‘economic viewpoint’ the use of

resources for repairs should not be viewed independently from

- the use of resources for investments in dual carriageways and hence investments in
paralle] bridges
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EXAMPLE OF INCREASING TRAFFIC DISRUPTION COSTS

160+

140,

M—-&‘-
| [m0day Costs
B Repair Costs
%97 B g | 1 Repair Costs
0 4 3 Detay Costs  Gouinciic Bridge
Year 4 US$000
BABADAT BRIDGE - COSTS OF REPAIR V REPLACEMENT

@Tolal
BWorks

| @ Diversion

120+

QDisruption

100-

UsS$000 - 80+
60+

401

20-

01

Replacement

o ~ THE STUDY ON ,
| THE MAINTENANGE AND REHABILITATION of
HIGHRAY BRIOGES in THE REPUBLIC of TURKEY
~ AUGUST, 1996
ORIENTAL CONSULTANTS CONPANY LINITED
_ in association with _
JAPAN OVERSEAS CONSULTANTS COMPANY LINTEOD

Figure - 8.3. 1 Example of Increasing
Disruption Costs

Figure — 8.3.2 Babadat Bridge - Cost
of Repair V
Replacement
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- the use of other resources, notably road user resources.

In addition to the *economic viewpoint’, a programnie of bridge repairs must take into
account

- the ‘logistic viewpoint® {i.¢. it is not possible to mobilise for one small repair)
- the “political viewpoint’.

Probably, a principal factor driving bridge TepRir is the impending date of when the
bridge will become unusable. Largely, the bridge maintenance programme has to anticipate
when this will occur.

From our small sample of ten bridges, the appropriate programme for repair would be
along the following lines:-

Year Bridge T Cost of Repair US$___| Total USS

1996 Candir Hasanpasa 190 000 ‘
Sardere _ 124 000 314 000
1997 New Parallel Bridge for | 155000
. Babadat _ _
. | Hilal 11 350000 - 505 000
1998 - | Asagi Cakalli 163 000
N Babadal . 52 000 | 215000
1999 New Paralle! Bridge for| 6483000 .| 648 000
| Akcay L
2000 . | Gelincik 50000 T
- | Akcay istog0 . - |210000
2001 Buca Ust Gecit 9000 '
' Koparan I 105 000 o
: g - | Selyeri 47 000 L . 1161 000
TOTAL | : | 2053000 . 12053000
8.4 Conclusions and Recommendations

'8.4.1 The Economic Aspects of A Bridge Management System (BMS)

General Backgmund

" The curcent situation in Turkéy is that KGM is responsible for more than 3000 bridges
on the State Roads, When comparison is made with some of the developed countries in Lurope,
Turkey's road bridge stock is relatlvely young in age and as yet there are not the same pressures
for bridge maintenance as is occurring in developed countries. The maintenance work that is
carried out by KGM is generally of good quality and appropriate to the needs of the bridge.

_ However, the allocation of resources in Turkey to bridge niaintenance tends to be
driven by two factors. Either the funds are allocated because (1) they are divided evenly (fairly)
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between the regions, without real economic of cnginecﬁng'assessméni of prictity, or (2) theneed

is clearly pressing in that the bridge has become dangerous. This study has highlighted the fact
that some of the bridges are potentially near the point of colfapse (for examples, Candic
Hasanpasa, Sardere, Babadat).

Forward planining of maintenance expenditure on bridges is difficult because there is no
system for evaluating the condition of the bridge stock and for assessing how much money hasto

be allocated to maintaining the condition of that stock.

- The Bridge Nelwork

The main soad bridge network in Turkey on the State and Provincial Highways in 1994
was as follows:-

State Roads 3088 123199 metres, so, average 40 metres
Provincial Roads 1511 ' 49493 metres so, average 33 metres

(Source: KGM Planning Division)

This State Roads bridge network at an average cost of TL 350 million per linear metre
- (US$7000 per linear metre, based on a typical cost of US$ 700 per m2 and 10 melre typical

~ width) has a replacement value of around TL 43 trillion {US $0.9 billion). On the assumption of -

afifty year economic life it would be necessary to spend TL 860 billion per year (US$ 17

" million) merely to replace the state road bfidge network, not allowing for any necessary

upgradings such as strengthening to take heavier {rucks or dualling to take increases in traffic
volumes etc. The above figures also exclude motonway bridges and the Bosphorus bridges as
well as the pravincial roads. '

In fact, road bridge co'ns'tmclioin has been a significant activity wi:thin_ KGM; with road
- bridge construction on the state roads typically varying between 1000 and 2000 lincar metres per
. year, and on provincial roads typically varying between 400 and 600 linear metres per year.

Bridee Maintenance in KGM

The KGM Budget for bridge maintenance in 1995 is TL 114 billion {(approx US$ 2,5
“million). This figure can be compared with typical ratios for routine maintenance of bridges of
0.5% of capital costs, which would imply an annual need for a budget of 'TL 215 billion.(US$ 4.3
miltion) ¥n fact, the KGM budget is used for replacements rather than routine mainienance.
‘Again typical ratios would be up to 1.5% for rehabilitation and routine maintenance asa
percentage of capital cost , implying a need for a budget of TL 645 biltion (USS$ 13 niillion).

_ “The overall implication is that the current KGM budget for bridge maintenance is
sontewhere between onc fifth and one half of what is required.
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8.42 FEconomic Factors to take into account in a passible BMS

There are a large variety of Brid ge Management Systems (BMS), all relatively similar in

general scope and aims. Examples of such management systems include ETAMS, SPEA,
PONTIS, HISMIS, NATS, BRIDGIT, INCBEN, PENNDOT, UBMS etc. Possibly the most
interesting of these is the SPEA system {See Box 4A) because of its fong history of data about
the deterioration of reinforced concrete road bridges.

From the economist's viewpoint the critical need is to know what is the impact through

time of the allocation (or not) of resources to bridge maintenance. It is necessary to know the

following -

D

2)

3

4)

the expecled development of traflic, because not only does this signal the fulure
benefits being detivered by the bridge but also it signals when further inpuls are
needed to the road bridge system. A further supply of bridges has a strong impact
upon the role any one bridge plays in the system. The most notable impact of further
supply is upon the use of parallel bridges on dual carriageways when undertaking
maintenance. There needs to be a regular forecast of traflic on the bridge and
leading from that a regular forecast of the dates for dualling or widening.

- an assessment of the costs of maintenance against an assessment of the
deterioration of the bridge. In short, costs of a maintenance project will increase as

the project is delayed. There needs to be a regular assessment of such costs.

“an assessment of the costs of traflic disruption when maintenance takes place. Traffic
© distuption costs can exceed the costs of maintenance, and indeed can exceed  the
* costs of the replacement of a bridge. Again such costs need to be forecast on a regular

basis as they can greatly affect the optimum liming for a maintenance project.

* an assessment of the costs of the alternative to using the bridge, if it became

necessary to close the bridge. Thiese costs apply not only to the costs for the agency
(KGM) but also the costs for road users. In part, this signals how critical the bridge is.
to the overall road network.' A very critical bridge is usually generating a high level of
benefits to the ecoriomy through the savings oveér alternatives cnjoyed by the road
users.

All the above are key economic factors which ought to be brought into the operation of "

“a bridge managesment system. These factors (together with the engineering factors) would then
- go into an analysis which would aim to maximise certain conditions, or minimise other

conditions, all within the context of imposed budgetary constraints.
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