7. Alkah-Aggiegate Reaction Ploblems

7.1 Initial Findings

During the initial genelal inspection of thc objective bndges at the lime of
first visual inspection in Turkey, evidence of extensive cmckmg was found to
substructures of several of the bridges in the Izmir region. The study tearn,
jointly with the enginects from fzmir Division (KGM 2nd Division) and the
~ laboratory people from the KGM Headquarters, the cracks were further
~ inspected and Alkali Agglegate Reactlon (AAR) of thc concrete was
- suspectcd as the prlmary cause. |

o The rcqucst by KGM to include the mvestlgatlon of AAR w:thm the *;copc of
. the present Study, was accepted by JICA and additional resources were

- allocated. The Study was expanded to investigate the cause and to plomole-
- countcnmefisuw% to thc cracking in the substmctme -

7. 2 Samplmg and lcstmg

| S'unplmg and testing to identify the extcnt of the problem both in terms of
area and time, were conducted in several series since this problem was new
to concerned authority i in kaey and not enough information was available
at the start. |

o At the first slage sevelal samples of conmete cmeq and mdtuml which were

~ believed to be used at the tinie of construction, were collected and tested both
at laboratory in Turkey and Japan. Usual standard of ASTM C289 failed to
“detect the potential reactivity of material but improved version of Canadian
| Sland‘ald CSA A23.2 - 25A revealed that hill sand collected from the Gediz
“and Nif river systeins, but no other material, was prime suspect of alkali
silica reaction. Concrete cores tested in Japan also revealed that some grain
of sand contained 1hyo]1te and other related material which were highly
reactive.

At the second stage, the site investigation was expanded to cover more
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“bridges and viaducts which were out of initial scope, to determine the extent
- of the problem. Generally the structures constructed within the last {2 years
“were showing cracking pxoblems Among many damaged ones several were -

selected to have them put in an order of ages of structures, ie. 1, 3, 5, 7-8 and
more than 10 years. More sand samples were collected trom suspect quarry

- sites and are shows the 1esult of test in Table 7.2.1 and Figure - 7.2. l

Presently some of testings are still under going, howcvel the 1csultq obt"uncd

“so far show that all the sand samples show reactive behaviour ’:Ithoug,h the

dcglec of reaction differ by sample to sample, and structures of younger agc

~show faster reaction than older ones Figure - 7 2 2 shows the wmplc
7photogmph of AAR. _ |

Conclusnon and Recommcndatlon for AAR

7 lhc result to date mchcate that the lllEl_]Ol ity of the ndtunal sand cnound thc |
~Izmir area is potentially reactive. Presently the tests described here as well as

further tests by KGM Ankara for additionally collected samples are still
under going. There is enough evidence already to conclude that the hitl sand -

- in [zmir area is hlghly reactive to alkali contents of cement and all or some of
the recommendation shall be unplementcd The mcasures n:latc to cxnstmg
~and proposed br 1dgeq in the Tzmir region. | -

1) Malterial Us'lgc -

Hill sand from lzmir region, paltlcuhlly from Ged]s 'md Nlt river system‘;
shall be prohibited for use until definite testiszg procedure is established.

‘Until then the crushed rock sand shall be used to substitute the natural sahd.

Discussions are held with local cement suppliers to 1cduce the alkali contenls
of cement and in future to supply low alkali cement,




Table - 7.2.1 Results of Accelerated Mortar Bar Test Carried Out in Tokyo, Japan.
Results of  The Accelerated Mortar Bar Test (CSA A23.2-26A)

Expansion(%)

Timel0ays) _ '
Figure - 7.2.1 Results of Accelerated Mortar Bar Test
(CSA A23.2-25A) Testing Carried Qut in Tokyo, Japan
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Figure - 7.2.2 AAR Photograph
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2) Pr otective Measures
Structure with smaller than 0.2mm cracks shall be covered with an ehstlc
crack bridging paint to further prevent water vapour penetrating into the
structure. -

“Ones with lar ger than 0.2mm cracks to seal them with exthel polymethdne or '

epoxy based rcsm by crack l!leCthl] method.

- Where concrete surface spalled u:gent 1ep'm is needed to 1educe fmthel

o ‘(letcnomuon ofsnuctule.

. ’3) Future Deslgn Mix
Fature design mix record should mclude the somce of all ﬂgglegate and
“tested for suscephbllny to AAR.

Adequate AAR spec1f1cat10n clauses to be mc]uded in all futlue contracts
containing structures. -

4) Momtonmg

Monitoring of the structmes 1s essential in eonfummg whether the iC'lCliOll
~ has stopped or not

8, Concliisidns’ '*md Recommendation of the MARIIB 'Stndy-

. 'Conclusmns from the MARHB Study fue as follows

- a. Damage and wear and tear were found in at least a quarter of the mspected‘

budgcs_ and; these bridge nced repair works. Some of them are 50
distressed that they would have to be closed to traffic, if they were in
Japan.

b. Many of those defects were caused by poor workmanship and lack of
~ proper supervision during initial construction. Those defects would
normally be repaired immediately before the hand over. Some change in
attitude of people concerned will be needed.

'¢. There was evidence of traffic accidents in which over- height vehicles h‘ld .

~ collided with girders. Special care shall be taken during all the stages of
- designing, COI]StlllCthl] and mamtenance to secure enough head room for
‘girders. |

- d. Excesswc excavauon of agglegates from’ rivers is causmg found'ltlons and

“piles to be exposed dangerously. This is'a man-made problem and can be
'_easlly solved in most snmtlons by ;eguhtmo lhose opelatlons -

e Defects caused by salt were detected on structures along the thk Sea

L jcoast Specml care shall be takcn duung de51gn and consnucnon

: :fQ Ewdence of Alkall Agglegate Reactlon was detected and expeuments were.

- conducted to prove the existence of the ploblem in and arourid the Jzmir
area. The ploblem has existed for moré than ten years. The admlmst:atlon |

- had failed to detect this and needs to add[ess 1ts appr oaeh to maintenance

. 'mSpectlon and applalsql

g. Most of defeets are manageable except for a few cases whele replacement
- is needed. ‘

? h Economlc evaluation pIOVCd that bridge m'nntenance conmbutes gieatly

to the deveiopment of a national economy

i, Environmental 'study proved that (he mdimemce works cause a very
small, if any impact on the environment. However each case shall be
1nvest1gated as it proceeds. ‘

i. There are several seuously d'nmged br 1dges Wthh 1equne mnnedmte
action.
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The following recommendations can be derived firom the conclusions;

. Bridge maintenance is an indispensable part of the economic development |

of Turkey. Hence the operation should be expanded to cover the wholc

" nation as soon as possible.
. Sensible budgetalldcation lo 'e;iable this Operation is urgently needed._ |

. Several of the budges whrch were inspected this llme were found to be in

a very (hngerous state and 1equue 1mmed1ate repalr

) here is a pOSSlblll(y th‘It sunlhlly dangelous bndges may exist on the

othel loutes and ur gent mspectlon work is strongly 1ecommended

. Improv’ement in 'co'nsl'ructi()n wor_kmanship and supervisiOn_are needed.'

. Some me'rsmes to secure head room and to 1egulate over- helght vehlcleb

are needed.

. Stnct me‘lsmes are needed to 1egulate excessive excwatlon of aggregate
from llVCl be(ls : |

.'There are some areas wlnch 1equne specral attention on aggregates
| beiechon and salt ploblems

9. Concluding Remarks

The JICA Slud'y'Te:aa'n would like to convey their sincere appreciation to all

'KGM counterparts for their generous hospitality and cooperation during their. |

stay in Turkey, without which this Study would not have been as successful.

- In-particular, the Team would like to thank Mr. Dmccr Yigit, Director General
of nghwqys, and many staff of KGM who showed great interest in our’

_w01k attended meetings and contributed with valuable opinions to assist in

the smooth progress of the Study. KGM' counterparts are extremely
‘ _cooperatlve and have a very good understanding of the Study, by working
together at all stages of the Study, and were vml elements for the successful
| completlon of the Study | Sl . |

On the J .1panese 31de mvalmble suppon and encouragement flom the

] apanese Embassy, J ICA Turkish Office and JICA Expelts (seconded to

KGM) have provided great assistance in the timely progress of the Study.

The JICA Study Team sincerely hopes that the results of the Study will be

~ utilised for the further operation of bridge maintenance and that the
-responsible organization will be able to receive enough budget and staff to
“meet this end -
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