BETON VE BETONARME YAPILARIN DURABILITESI
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KIMYASAL NEDENLERDEN KAYNAKLANAN PROBLEMLER

KARBONATLASMA

Karbonatlagma, ortamdaki yeterli nem varliginda CO2’nin, Ca(OH)2 gibi hidra-
tasyon iriinleriyle kimyasal reaksiyonu sonucu olusan bir olaydir. Bu reaksiyon
sonucunda CaCO3 meydana gelir ve bu olayin sonucunda betonun pH degeri
yaklagik 9’a kadar diiser. Boyle bir pH degerinde, betonarme geligini gevreleyen
koruyucu oksit tabakasi parcalanir ve ¢elik korozyona ugrar, ardindan betondan
catlaklar olusur (1).

Karbonatlasma meydana gelebilmesi i¢in uygun ortam kosullar1 olugsmasi
gerekir. Ornegin, beton ¢ok kuruysa, CO2’yi ¢6zecek su igeriginin olmamasi ne-
deniyle karbonatlasma orani yavaslayacaktir. Benzer sekilde doymus betondaki
fazla nem, CO2’nin betona niifuz etmesine engel olur ve karbonatlasma orani-
n1 yavaslatabilir. Bu nedenle, karbonatlagsma reaksiyonlarinin gerceklesebilmesi
i¢in yeterli nem ve CO2 konsantrasyonuna sahip en uygun kosul saglanmalidir
(2). Ayrica, s/b, basing dayanimi derecesi ve betonun gézenekliligi, karbonatlas-
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Bagka bir giiglii teknik olan katodik koruma, gelik donatiy1 korozyondan ko-
rumak i¢in harici bir dogru akim uygulayarak celik donatiy1 bir elektrokimyasal
hiicrenin katoduna doniistiiriir. Bu islem, ¢eligin anodik ¢6ziinmesini engelleye-
rek korozyon oranini azaltir (65).

Ayrica elektrokimyasal kloriir ekstraksiyonu , gelik donat ile harici anot ara-
sinda daha yiiksek akim yogunluguna sahip bir elektrik alani olusturarak kloriir
iyonlarini harici elektrolit ¢ozeltisine dogru iter (66). Bu yontemle nispeten dii-
stik bir maliyetle kloriir iyonlarinda dikkate deger bir azalma elde edilebilir (67).

Yiizey taslama ve cilalama islemi, malzemenin mekanik olarak inceltilip cila-
lanmasini kapsar. Boylelikle beton yiizeylerde yogun ve piiriizsiiz bir yiizey elde
edilir. Piirtizsiizliikleri sayesinde asinmaya kars1 daha direngli olan cilal yiizey-
ler, s1izdirmazlik maddeleri veya sertlestiriciler uygulanarak dayanikliliklar1 daha
da artirilabilir (68).

Kendiliginden iyilesme teknikleri de yap1 koruma yontemlerinden biridir.
Bu yontemde betondaki ¢atlaklarda kalsit ¢okeltmek icin bakterilerin kullani-
lir. Boylece betondaki biiyiik catlaklar doldurulmus olur. Bu uygulama yapinin
mukavemetini artirmaz, ancak ¢atlak doldurularak donatiya giden yol kapatilir.
Boylece donat1 korozyonunu baglatan siv1 ve iyonlarin girisi durdurulur. Béylece
yapinin dayanikliligr artirilir. Ayrica bu yontem su tutan yapilar i¢in de fayda-
lidir. Catlaklar bu gekilde dolduruldugunda sizintilar durdurulabilir. Ozellikle
onarimi zor veya imkansiz olan yeralt: yapilar1 i¢in bakteriyel betonun biiyiik bir
potansiyel gelecegi vardir (69).

Ayrica gigeklenme gibi yiizeysel durabilite problemlerinin onarimi i¢in beto-
nun yiizeyi basingl su, %5’lik tuzruhu bulunan su ya da %20 oraninda sirkeli su
ile yikanabilir (70).

KAYNAKLAR

1. M. E Bertos, S. J. R. Simons, and P. J. Hills, (2004). A review of accelerated carbonation te-
chnology in the treatment of cement-based materials and sequestration of CO2,” Journal of
Hazardous Materials, pp. 193-205.

2. A.El-Turki, R.]. Ball, and G. C. Allen, (2007). The influence of relative humidity on structural
and chemical changes during carbonation of hydraulic lime,” Cement and Concrete Compo-
sites, vol. 37, no. 8, pp. 1233-1240.

3. S. Liu, W. Sun, and j. Lai, (2003). Preparation and durability of a high-performance conc-
rete with natural ultra-fine particles.,” Journal of the Chinese Ceramic Society, vol. 31, pp.
1080-1085.

4. T.E. Stanton, (1942). Expansion of concrete through reaction between cement and aggrega-
te, Transactions of the American Society of Civil Engineers, vol. 107, no. 1, pp. 54-84.

5. E.O.Fanijo, J. T. Kolawole, and A. Almakrab, (2021). Alkali-silica reaction (ASR) in concrete
structures: Mechanisms, effects and evaluation test methods adopted in the United States,



364 YAPI MALZEMELERI

10.
11.

12.

13.

14.
15.

16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Case Studies in Construction Materials, vol. 15.

A. Mohammadi, E. Ghiasvand, and M. Nili, (2020). Relation between mechanical properties
of concrete and alkali-silica reaction (ASR); a review, Construction and Building Materials
258 — pp.119567.

J. M. Ponce and O. R. Batic, (2006). Different manifestations of the alkali-silica reaction in
concrete according to the reaction kinetics of the reactive aggregate, Cement and Concrete
Composites, vol. 36, no. 6, pp. 1148-115.

S. Kandasamy and M. H. Shehata, (2014) “The capacity of ternary blends containing slag and
high-calcium fly ash to mitigate alkali silica reaction, Cement and Concrete Composites, vol.
49, pp. 92-99.

D. W. Hobbs, Hobbs, (1998). Don W. Alkali-silica reaction in concrete. Thomas Telford Pub-
lishing.

https://kub.org.tr/betonda-alkali-agreda/.

G. Giaccio, R. Zerbino, J. M. Ponce, and O. R. Batic, (2008). Mechanical behavior of concre-
tes damaged by alkali-silica reaction, Cement and Concrete Composites, vol. 38, no. 7, pp.
993-1004.

J. , Lindgard, B. Pedersen, and E. Rodum, (2006). Alkali-silica reactions in concrete-Relati-
onship between water content and observed damage on structures,” in Special Publication,
pp. 147-166.

R. B. Figueira et al., (2019). “Alkali-silica reaction in concrete: Mechanisms, mitigation and
test methods.

T. Y. Erdogan, (2015). Beton, ODTU. Ankara.

C150/C150M-19-a, (2019). Designation: C150/C150M — 19a Standard Specification for Port-
land Cement 1

E. G. Swenson, (1957). A Canadian reactive aggregate undetected by ASTM tests, Division of
Building Research, National Research Council.

W. Li, M. Deng, L. Mo, D. K. Panesar, and Z. Mao, (2022). Alkali carbonate reaction (ACR):
Investigations on mechanism of dedolomitization of dolomite in dolostones, Construction
and Building Materials, vol. 351.

R. E. Beddoe and H. W. Dorner, (2005). Modelling acid attack on concrete: Part I. The essen-
tial mechanisms, Cement and Concrete Composites, vol. 35, no. 12, pp. 2333-2339.

B. Baradan, Beton ve Betonarme Yapilarda Kalicilik (Durabilite). THBB, 2010.

K. Onaran, Malzeme Bilimi. Istanbul: ITU. Insaat Fakiiltesi Matbaas1, 1991.

H. Bensabra and N. Azzouz, (2013). Study of rust effect on the corrosion behavior of reinfor-
cement steel using impedance spectroscopy,” Metallurgical and Materials Transactions, vol.
44, no. 13, pp. 5703-5710.

S. Okabe, M. Odagiri, T. fto, and H. Satoh, (2007). Succession of sulfur-oxidizing bacteria in
the microbial community on corroding concrete in sewer systems,” Appl Environ Microbiol,
vol. 73, pp. 971-980.

Akoz, F. ve Caki, 0. (2014). Betonarme Korozyonu, Hazir Beton Dergisi, p. 7185.

Kurtay M. (2020). Beton Karisim Suyu ve Bosluk Suyuna Katilan Ekolojik Inhibitorlerin Do-
nat1 Korozyonuna Etkisinin Aragtirilmasi, Doktora, Diizce Universitesi, Diizce, Tiirkiye.

M. Santhanam, M. D. Cohen, and J. Olek, (2003). Effects of gypsum formation on the per-
formance of cement mortars during external sulfate attack, Cement and Concrete Research,
vol. 33, no. 3, pp. 325-332.

J. Skalny, J. Marchand, and I. , Odler, (2002). Sulfate Attack on Concrete, New York: Spon
Press.

M. Nehdi and M. Hayek, (2005). Behavior of blended cement mortars exposed to sulfate solu-
tions cycling in relative humidity, Cement and Concrete Research, vol. 35, no. 4, pp. 731-742.
I. Casanova, A. Aguado, and L. Agulm, (1997). Aggregate Expansivity Due To Sulfide Oxi-
dation-II. P Physico-Chemical Modeling Of Sulfate Attack, vol. 27, no. 11, pp. 1627-1632.

L. Bekir. Topgu and Tayfun. Uygunoglu, (2021). Yapt Malzemesi. Nobel Akademik Yayincilik.
L. Divet and R. Randriambololona, (1998). Delayed Ettringite Formation: The Effect Of Tem-



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

51.

Beton ve Betonarme Yapilarin Durabilitesi 365

perature And Basicity On The Interaction Of Sulphate And C-S-H Phase. Cement and Conc-
rete Research. Vol. 28, no.3, pp. 357-363.

M. H. E de Medeiros, J. W. Raisdorfer, J. Hoppe Filho, and R. A. Medeiros-Junior, (2017).
Partial replacement and addition of fly ash in Portland cement: influences on carbonation
and alkaline reserve, Journal of Building Pathology and Rehabilitation, vol. 2, no. 1. pp. 4

C. Xie, M. Cao, H. Yin, . Guan, and L. Wang, (2021). Effects of freeze-thaw damage on fractu-
re properties and microstructure of hybrid fibers reinforced cementitious composites conta-
ining calcium carbonate whisker, Construction and Building Materials, vol. 300, pp. 123872.
C. Huang et al., (2022). Study on dynamic compressive mechanical properties of freeze-thaw
concrete, Construction and Building Materials, vol. 322, pp. 26499.

Erdem, R. Tugrul, ve Ali Ugur Ouztiirk. (2022). Mermer tozu katkisinin ¢imento harci don-
ma-¢dziinme dzellikleri iizerine etkisi. Bitlis Eren Universitesi Fen Bilimleri Dergisi, vol. 1,
no. 2, pp. 85-91.

K. Ebrahimi, M. J. Daiezadeh, M. Zakertabrizi, F. Zahmatkesh, and A. Habibnejad Korayem,
(2018). A review of the impact of micro — and nanoparticles on freeze-thaw durability of
hardened concrete: Mechanism perspective, Construction and Building Materials, vol. 186,
pp. 1105-1113.

S. Luhar, S. Chaudhary, and L. Luhar, (2018). Thermal resistance of fly ash based rubberized
geopolymer concrete,” Journal of Building Engineering, vol. 19, pp. 420-428.

Q. Ma, R. Guo, Z. Zhao, Z. Lin, and K. He, (2015). Mechanical properties of concrete at high
temperature-A review, Construction and Building Materials vol. 93, pp. 371-383.

E P. Figueiredo, S. S. Huang, H. Angelakopoulos, K. Pilakoutas, and I. Burgess, (2019). Effects
of Recycled Steel and Polymer Fibres on Explosive Fire Spalling of Concrete, Fire Technology,
vol. 55, no. 5, pp. 1495-1516.

W. Khaliq and H. A. Khan, (2015). High temperature material properties of calcium alumina-
te cement concrete, Construction and Building Materials, vol. 94, pp. 475-487.

Z. Pan, Z. Tao, Y. E Cao, R. Wuhrer, and T. Murphy, (2016). Compressive strength and mic-
rostructure of alkali-activated fly ash/slag binders at high temperature, Cement and Concrete
Composites, vol. 86, pp. 9-18.

O. Arioz, (2007). Effects of elevated temperatures on properties of concrete. Fire Saf ], vol. 42,
no. 8, pp. 516-522.

A. Mendes, ]. G. Sanjayan, and F. Collins, (2011). Effects of slag and cooling method on the
progressive deterioration of concrete after exposure to elevated temperatures as in a fire
event, Materials and Structures, vol. 44, no. 3, pp. 709-718.

S. Luhar, D. Nicolaides, and I. Luhar, (2021). Fire resistance behaviour of geopolymer concre-
te: An overview, Mar. Buildings vol. 11. no. 3, pp. 82.

Z. Xu, J. Li, H. Qian, and C. Wu, (2022). Blast resistance of hybrid steel and polypropylene
fibre reinforced ultra-high performance concrete after exposure to elevated temperatures,
Composite temperatures, Composite, vol. 294. pp. 115771.

A.H. Shah, U. K. Sharma, P. Kamath, P. Bhargava, G. R. Reddy, and T. Singh, (2016) Fire per-
formance of earthquake-damaged reinforced-concrete structures, Materials and Structures,
vol. 49, no. 7, pp. 2971-2989.

A. H. Shah and U. K. Sharma, (2017). Fire resistance and spalling performance of confined
concrete columns, Construction and Building Materials, vol. 156, pp. 161-174.

Biilent Baradan, Beton ve Betonarme Yapilarda Kalicilik (Durabilite). stanbul: THBB, 2010.
T. Ozturan, (1984). Beton aginmasinin iki fazli malzeme olarak incelenmesi,” Doktora Tezi,
Fen Bilimleri Enstitiisii, Istanbul, Tiirkiye.

B. Postacioglu, Beton, Baglayict Maddeler, vol. 1. Istanbul: Matbaa Teknisyenleri Basimevi,
1986.

Baradan. B. ve Aydin, S. (2013). Betonun Diirabilitesi (Dayaniklilik, Kalicilik). Beton 2013
Hazir Beton Kongresi.

B. Postacioglu, (1975). Yapt malzemesi dersleri-baglayict maddeler, agregalar ve beton. Istan-
bul: Istanbul Teknik Universitesi.



366 YAPI MALZEMELERI

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Dagkiran, E. G. (2018). Dayanum ve dayaniklilik acisindan yiiksek performansh ¢imento
esasli tabakali kompozitlerin gelistirilmesi. Doktora Tezi, Istanbul Teknik Universitesi, Fen
Bilimleri Enstitiisii, Istanbul, Tirkiye.

Oner, A. Direr, S. ve Sevengiil, T. (2014). Islanma Kuruma Cevrimi-Dinamik Elastisite Mo-
diilii Tliskisi. Kocaeli Universitesi, [zmit.

M. H. Yaseen, S. E. S. Hashim, E. T. Dawood, and M. A. M. Johari, (2025). Effect of wetting
and drying cycles on strength behavior of roller compacted concrete, Innovative Infrastruc-
ture Solutions, vol. 10, no. 3, pp. 1 - 21.

Farzad, M., Sadeghnejad, A., Rastkar, S., Moshkforoush, A., and Azizinamini, A. (2020). A
theoretical analysis of mechanical and durability enhancement of circular reinforced concrete
columns repaired with UHPC. Engineering Structures, vol. 209, pp. 109928.

BS-1504-2, (2004). Products and systems for the protection and repair of concrete structu-
res—Definitions, requirements, quality control and evaluation of conformity—Part 2: Surface
protection systems for concrete. Surface protection systems for concrete.

Baltazar, L., Santana, J., Lopes, B., Rodrigues, M. P., & Correia, J. R. (2014). Surface skin prote-
ction of concrete with silicate-based impregnations: Influence of the substrate roughness and
moisture. Construction and Building Materials, vol. 70, pp. 191-200.

Anna Szymanska, Michal Dutkiewicz, Hieronim Maciejewski, Magdalena Palacz, (2022).
Simple and effective hydrophobic impregnation of concrete with functionalized polybutadie-
nes, Construction and Building Materials, vol. 315, pp. 125624.

Peyman K., Fazel A., Mohammad S., Shaofan L, (2024). Experimental investigation of using
Ultra-High-Performance Concrete coating for anti-corrosion protection of reinforced conc-
rete induced by chloride ions, Journal of Building Engineering, vol. 97, pp. 110743.
Graybeal, B. and Jussara T. (2007). Durability of an ultrahigh-performance concrete. Journal
of materials in civil engineering vol. 19. No. 10, pp. 848-854.

Wu, E, Chen, X., and Chen, J. (2023). Abrasion resistance enhancement of concrete using
surface treatment methods. Tribology International, vol. 179, pp. 108180.

Zhao, Z., Qi, S., Suo, Z., Hu, T,, Hu, ], Liu, T., & Gong, M. (2024). Development of a Super-
hydrophobic Protection Mechanism and Coating Materials for Cement Concrete Surfaces.
Materials, vol. 17, no. 17, pp. 4390.

Kim, Ki Hwan, Kim, Min Jae, Kim, Hansol, Ann, Ki-Yong, (2020). Effect of Hydrophobic
Surface Treatment in Lowering Ionic Transport into Concrete, Advances in Materials Science
and Engineering, vol. 4810259, pp. 13.

Deng Zewei, Wen Xiaodong, Zhou Ming,(20249. Research progress of silane impregnation
and its effectiveness in coastal concrete structures: A review, Journal of Building Engineering,
vol. 91, pp. 109550.

Ferdous, W., Manalo, A., Van Erp, G., Aravinthan, T., Kaewunruen, S., anf Remennikov, A.
(2015). Composite railway sleepers—Recent developments, challenges and future prospects.
Composite Structures, vol. 134, pp. 158-168.

Huang, Q., Liu, H., Wang, Q., Shan, Y., Tang, D., Zhang, Z., and Zhu, X. (2024). Electric
field-induced deterioration of cement mortars owing to calcium leaching. Developments in
the Built Environment, vol. 17, pp. 100303.

Orellan, J. C., Escadeillas, G., and Arliguie, G. (2004). Electrochemical chloride extraction:
efficiency and side effects. Cement and Concrete Research, vol. 34, no. 2, pp. 227-234.

G. Murali, Leong Sing Wong, K. Karthikeyan, Mohamed Abdellatief, Saurav Dixit, (2025).
Concrete resilience under the impact of water forces: A review of abrasion resistance in hyd-
raulic structures, Results in Engineering, vol. 26, pp. 104654.

Erik S., and Senot S., (2013). Addressing Infrastructure Durability and Sustainability by Sel-
f-Healing Mechanisms — Recent Advances in Self-Healing Concrete and Asphalt, Procedia
Engineering, vol. 54, pp. 39-57.

Akakin T. ve Engin Y. (2010), “Beton Dokiimiinde ve Sonrasinda Yaganan Problemler ve
Cozumler, Tirkiye Hazir Beton Birligi.





