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ÖZEL BETONLAR

Gökhan KAPLAN1

GIRIŞ

Geleneksel beton teknolojisi, yüzyılı aşkın süredir inşaat sektörünün vazgeçil-
mez yapı taşı olmuştur. Ancak günümüzde iklim değişikliği, doğal kaynakların 
tükenmesi ve yapıların artan performans beklentileri gibi küresel zorluklar, yapı 
malzemelerinde yeni nesil çözümler geliştirilmesini zorunlu kılmaktadır. Bu çer-
çevede, özel betonlar olarak adlandırılan yeni kuşak beton sistemleri, hem tek-
nik hem de çevresel gereksinimlere yanıt vermek amacıyla tasarlanmıştır. Özel 
betonlar; mekanik dayanım, dayanıklılık, estetik, enerji verimliliği ve çevresel 
sürdürülebilirlik gibi çoklu performans kriterlerini optimize etmek amacıyla 
geliştirilen yenilikçi malzeme sistemlerini ifade eder. Bu bölümde, özel beton 
türlerinin tanımı, çevresel etkileri, yaşam döngüsü analizleri, sürdürülebilirlik 
potansiyelleri ve yeşil bina sertifikaları ile uyumları detaylı olarak ele alınacaktır. 
Özel betonların yalnızca mühendislik performansı değil, aynı zamanda iklim de-
ğişikliğiyle mücadele ve döngüsel ekonomi hedeflerine katkı gibi makro ölçekte 
önemli roller üstlendiği vurgulanarak, yapı malzemeleri biliminde paradigma 
değişimini nasıl şekillendirdiği bu bölümde kapsamlı bir şekilde incelenecektir.
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UYPB’nin prefabrike yapı elemanları alanında kullanımı da artmaktadır. Geniş 
açıklıklı prekast köprü kirişleri, segmental kolonlar, bağlantı elemanları ve kap-
lama panellerinde UYPB tercih edilmekte, böylece hem üretim süreci hızlan-
makta hem de montaj kolaylığı sağlanmaktadır. Bu uygulamalar, saha işçiliğini 
ve çevresel etkileri azaltmakta, toplam yapı süresini kısaltmaktadır​.

Öte yandan, geopolimer betonlar da sürdürülebilirlik temelli altyapı projele-
rinde giderek daha fazla ilgi görmektedir. Örneğin, Avustralya’da Brisbane West 
Wellcamp Havalimanı›nda yaklaşık 40.000 m³ geopolimer beton kullanılarak 
6600 ton CO₂ salımı engellenmiştir. Bu gibi örnekler, geopolimer betonun bü-
yük ölçekli altyapı projelerinde çevre dostu bir alternatif olarak değerlendirilme-
sini sağlamıştır​.

Gelecekteki beklentiler açısından UYPB’nin daha geniş bir endüstriyel alana 
yayılması için birkaç engel dikkat çekmektedir. Özellikle yüksek üretim maliyeti, 
karmaşık bileşen yapısı ve sınırlı tasarım kodları bu betonun yaygınlaşmasının 
önündeki başlıca bariyerlerdir. Bu nedenle, mevcut literatürde, yerel hammadde-
lerin kullanımı, daha düşük maliyetli UYPB formüllerinin geliştirilmesi ve stan-
dardizasyon çalışmalarının hızlandırılması gibi öneriler gündemdedir​. Ayrıca, 
UYPB’nin rehabilitasyon çalışmaları kapsamında da önemi giderek artmaktadır. 
Özellikle eski yapıların kaplamalarının yenilenmesinde ve çatlamış betonların 
güçlendirilmesinde UYPB katmanları kullanılmakta ve bu da yapıların servis 
ömrünü ciddi anlamda uzatmaktadır​.

KAYNAKLAR
1.	 R. Ullah, Y. Qiang, J. Ahmad, N. I. Vatin, and M. A. El-Shorbagy, “Ultra-High-Performance 

Concrete (UHPC): A State-of-the-Art Review,” Materials, vol. 15, no. 12, Art. no. 12, Jan. 
2022, doi: 10.3390/ma15124131.

2.	 X. Zhang, Z. Wu, J. Xie, X. Hu, and C. Shi, “Trends toward lower-carbon ultra-high per-
formance concrete (UHPC) – A review,” Construction and Building Materials, vol. 420, p. 
135602, Mar. 2024, doi: 10.1016/j.conbuildmat.2024.135602.

3.	 W. Meng and K. H. Khayat, “Mechanical properties of ultra-high-performance concrete en-
hanced with graphite nanoplatelets and carbon nanofibers,” Composites Part B: Engineering, 
vol. 107, pp. 113–122, Dec. 2016, doi: 10.1016/j.compositesb.2016.09.069.

4.	 J. Ahmad, O. Zaid, M. S. Siddique, F. Aslam, H. Alabduljabbar, and K. M. Khedher, “Mec-
hanical and durability characteristics of sustainable coconut fibers reinforced concrete with 
incorporation of marble powder,” Mater. Res. Express, vol. 8, no. 7, p. 075505, Jul. 2021, doi: 
10.1088/2053-1591/ac10d3.

5.	 A. S. Chahar and P. Pal, “A review on various aspects of high performance concrete,” Innov. 
Infrastruct. Solut., vol. 8, no. 6, p. 175, May 2023, doi: 10.1007/s41062-023-01144-3.

6.	 Z. Wu, C. Shi, and W. He, “Comparative study on flexural properties of ultra-high perfor-
mance concrete with supplementary cementitious materials under different curing regimes,” 
Construction and Building Materials, vol. 136, pp. 307–313, Apr. 2017, doi: 10.1016/j.conbu-
ildmat.2017.01.052.



Özel Betonlar 337

7.	 X. Su, Z. Ren, and P. Li, “Review on physical and chemical activation strategies for ultra-high 
performance concrete (UHPC),” Cement and Concrete Composites, vol. 149, p. 105519, May 
2024, doi: 10.1016/j.cemconcomp.2024.105519.

8.	 V. Anish and J. Logeshwari, “A review on ultra high-performance fibre-reinforced concrete 
with nanomaterials and its applications,” J. Eng. Appl. Sci., vol. 71, no. 1, p. 25, Jan. 2024, doi: 
10.1186/s44147-023-00357-8.

9.	 B. Rai, C. Boisvert-Cotulio, and K. Wille, “Resource-efficient design of ultra-high performan-
ce concretes,” Journal of Building Engineering, vol. 92, p. 109630, Sep. 2024, doi: 10.1016/j.
jobe.2024.109630.

10.	 T. M. Pham et al., “Comparative impact behaviours of ultra high performance concrete co-
lumns reinforced with polypropylene vs steel fibres,” Defence Technology, vol. 40, pp. 138–
153, Oct. 2024, doi: 10.1016/j.dt.2024.04.016.

11.	 C. Zhu, H. Chen, G. Yan, C. Song, and Y. Luo, “Radiation shielding properties of ultra-hi-
gh performance concrete with magnetite and boron carbide composites: A comprehensive 
evaluation,” Journal of Building Engineering, vol. 104, p. 112206, Jun. 2025, doi: 10.1016/j.
jobe.2025.112206.

12.	 D.-H. Kim, J.-H. Kim, and S. Chang, “Material performance evaluation and super-tall buil-
ding applicability of the 800 MPa high-strength steel plates for building structures,” Int J Steel 
Struct, vol. 14, no. 4, pp. 889–900, Dec. 2014, doi: 10.1007/s13296-014-1219-6.

13.	 X. Xu et al., “Study on the interfacial bonding performance of basalt ultra-high performan-
ce concrete repair and reinforcement materials under severe service environment,” Const-
ruction and Building Materials, vol. 400, p. 132624, Oct. 2023, doi: 10.1016/j.conbuild-
mat.2023.132624.

14.	 G. Kravanja, A. R. Mumtaz, and S. Kravanja, “A Comprehensive Review of the Advances, 
Manufacturing, Properties, Innovations, Environmental Impact and Applications of Ult-
ra-High-Performance Concrete (UHPC),” Buildings, vol. 14, no. 2, Art. no. 2, Feb. 2024, doi: 
10.3390/buildings14020382.

15.	 F. Niu et al., “Ultra-high performance concrete: A review of its material properties and usage 
in shield tunnel segment,” Case Studies in Construction Materials, vol. 22, p. e04194, Jul. 2025, 
doi: 10.1016/j.cscm.2024.e04194.

16.	 J. Zhang, “Application of ultra-high performance concrete in the marine environment,” E3S 
Web Conf., vol. 606, p. 04008, 2025, doi: 10.1051/e3sconf/202560604008.

17.	 Z. Jia, L. Kong, L. Jia, L. Ma, Y. Chen, and Y. Zhang, “Printability and mechanical proper-
ties of 3D printing ultra-high performance concrete incorporating limestone powder,” 
Construction and Building Materials, vol. 426, p. 136195, May 2024, doi: 10.1016/j.conbuild-
mat.2024.136195.

18.	 J. Qin et al., “Improving mechanical properties of magnesium phosphate cement-based ult-
ra-high performance concrete by ultrafine fly ash incorporation,” Construction and Building 
Materials, vol. 448, p. 138198, Oct. 2024, doi: 10.1016/j.conbuildmat.2024.138198.

19.	 J. Abellan-Garcia, Y. M. Abbas, M. I. Khan, and F. Pellicer-Martínez, “ANOVA-guided as-
sessment of waste glass and limestone powder influence on ultra-high-performance concrete 
properties,” Case Studies in Construction Materials, vol. 20, p. e03231, Jul. 2024, doi: 10.1016/j.
cscm.2024.e03231.

20.	 Z. Wu, C. Shi, W. He, and L. Wu, “Effects of steel fiber content and shape on mechanical pro-
perties of ultra high performance concrete,” Construction and Building Materials, vol. 103, pp. 
8–14, Jan. 2016, doi: 10.1016/j.conbuildmat.2015.11.028.

21.	 J. Li, Z. Wu, C. Shi, Q. Yuan, and Z. Zhang, “Durability of ultra-high performance concrete – 
A review,” Construction and Building Materials, vol. 255, p. 119296, Sep. 2020, doi: 10.1016/j.
conbuildmat.2020.119296.

22.	 Q. Deng, Z. Wang, S. Li, and Q. Yu, “Salt scaling resistance of pre-cracked ultra-high per-
formance concrete with the coupling of salt freeze-thaw and wet-dry cycles,” Cement and 
Concrete Composites, vol. 146, p. 105396, Feb. 2024, doi: 10.1016/j.cemconcomp.2023.105396.



YAPI MALZEMELERI338

23.	 J. Xiao, J. Peng, C. S. Cai, H. Bian, and J. Zhang, “Experimental Study of Shrinkage and Creep 
Behaviors of Low-Shrinkage and Low-Creep C60 High-Performance Concrete and Parame-
ter Recommendations,” Journal of Materials in Civil Engineering, vol. 36, no. 8, p. 04024218, 
Aug. 2024, doi: 10.1061/JMCEE7.MTENG-17812.

24.	 L. H. Ali, R. F. Hassan, and H. H. Hussein, “Experimental and Analytical Investigations of 
Torsional Strength in Ultra-High-Performance Concrete Beams with Transverse Openings,” 
Buildings, vol. 14, no. 8, Art. no. 8, Aug. 2024, doi: 10.3390/buildings14082315.

25.	 R.-U.-D. Nassar, O. Zaid, F. Althoey, M. A. Abuhussain, and Y. Alashker, “Spalling behavior 
and performance of ultra-high-performance concrete subjected to elevated temperature: A 
review,” Construction and Building Materials, vol. 411, p. 134489, Jan. 2024, doi: 10.1016/j.
conbuildmat.2023.134489.

26.	 S. N. R. Shah, F. W. Akashah, and P. Shafigh, “Performance of High Strength Concrete Sub-
jected to Elevated Temperatures: A Review,” Fire Technol, vol. 55, no. 5, pp. 1571–1597, Sep. 
2019, doi: 10.1007/s10694-018-0791-2.

27.	 P. Meshram, S. Nagrale, and A. Gowardhan, “Impact of Silica Fume on High-strength Conc-
rete,” International Journal of Concrete Technology, vol. 10, no. 1, pp. 25–31p, 2024.

28.	 C. Pinto and J. Fonseca, “The Mechanical Behavior of High-Strength Concrete-Filled Steel 
Tubes: A Review,” CivilEng, vol. 5, no. 3, Art. no. 3, Sep. 2024, doi: 10.3390/civileng5030032.

29.	 A. S. Sidhu and R. Siddique, “Review on effect of curing methods on high strength concrete,” 
Construction and Building Materials, vol. 438, p. 136858, Aug. 2024, doi: 10.1016/j.conbuild-
mat.2024.136858.

30.	 M. Wang, Y. Xie, G. Long, C. Ma, X. Zeng, and F. Qiang, “The impact mechanical characteristi-
cs of steam-cured concrete under different curing temperature conditions,” Construction and 
Building Materials, vol. 241, p. 118042, Apr. 2020, doi: 10.1016/j.conbuildmat.2020.118042.

31.	 D. C. S. Garcia, K. U. Lima, K. Wang, and R. B. Figueiredo, “Evaluating the effect of autoc-
lave curing on the microstructure and compressive strength evaluation of a high strength 
concrete,” Matéria (Rio J.), vol. 27, p. e13201, Jan. 2023, doi: https://doi.org/10.1590/S1517-
707620220002.1301.

32.	 P. Mendis, “Design of high-strength concrete members: state-of-the-art,” Progress in Structu-
ral Engineering and Materials, vol. 5, no. 1, pp. 1–15, 2003, doi: 10.1002/pse.138.

33.	 V. Q. Dang, V. N. Chau, N. Thanh Sang, P. Huy Thuc, and L. S. Ho, “Mechanical properties 
and durability of concrete containing fly ash and GGBS for marine environment: A com-
prehensive study from laboratory perspective,” Proceedings of the Institution of Mechanical 
Engineers, Part L: Journal of Materials: Design and Applications, p. 14644207251317612, Feb. 
2025, doi: 10.1177/14644207251317612.

34.	 R. V. Balendran, A. Nadeem, T. Maqsood, and H. Y. Leung, “Flexural and Split Cylinder 
Strengths of HSC at Elevated Temperatures,” Fire Technology, vol. 39, no. 1, pp. 47–61, Jan. 
2003, doi: 10.1023/A:1021727226913.

35.	 L. T. Phan and N. J. Carino, “Review of Mechanical Properties of HSC at Elevated Temperatu-
re,” Journal of Materials in Civil Engineering, vol. 10, no. 1, pp. 58–65, Feb. 1998, doi: 10.1061/
(ASCE)0899-1561(1998)10:1(58).

36.	 C. M. Ho, S. I. Doh, S. C. Chin, and X. Li, “The effect of particle sizes of steel slag as cement 
replacement in high strength concrete under elevated temperatures,” Construction and Buil-
ding Materials, vol. 411, p. 134531, Jan. 2024, doi: 10.1016/j.conbuildmat.2023.134531.

37.	 S. Liu, W. Zheng, Y. Wang, Z. Yu, H. Zhang, and S. Li, “Comparative study on the com-
pressive performance of NSC and HSC with preload under 24-hour high temperatures,” 
Construction and Building Materials, vol. 443, p. 137658, Sep. 2024, doi: 10.1016/j.conbuild-
mat.2024.137658.

38.	 B. Ali, M. Fahad, S. Ullah, H. Ahmed, R. Alyousef, and A. Deifalla, “Development of Ductile 
and Durable High Strength Concrete (HSC) through Interactive Incorporation of Coir Waste 
and Silica Fume,” Materials, vol. 15, no. 7, Art. no. 7, Jan. 2022, doi: 10.3390/ma15072616.

39.	 A. M. Tahwia, O. El-Far, and M. Amin, “Characteristics of sustainable high strength concrete 
incorporating eco-friendly materials,” Innov. Infrastruct. Solut., vol. 7, no. 1, p. 8, Oct. 2021, 



Özel Betonlar 339

doi: 10.1007/s41062-021-00609-7.
40.	 S. Chakraborty, S. Pan, T. Ganguly, S. Dutta, and P. Mukherjee, “A Study on the Rheological 

Properties of High Strength Concrete Incorporating Silica Fume,” The International Journal 
of Science and Technoledge, vol. 3, no. 4, p. 59, 2015.

41.	 A. Ravitheja, G. Pavan Kumar, and C. Madhu Anjaneyulu, “Impact on cementitious materials 
on high strength concrete–A review,” Materials Today: Proceedings, vol. 46, pp. 21–23, Jan. 
2021, doi: 10.1016/j.matpr.2020.03.659.

42.	 I. Gowram, B. M, M. Sudhir, M. K. Mohan, and D. Jain, “Efficacy of Natural Zeolite and 
Metakaolin as Partial Alternatives to Cement in Fresh and Hardened High Strength Conc-
rete,” Advances in Materials Science and Engineering, vol. 2021, no. 1, p. 4090389, 2021, doi: 
10.1155/2021/4090389.

43.	 A. Kılıç et al., “The influence of aggregate type on the strength and abrasion resistance of high 
strength concrete,” Cement and Concrete Composites, vol. 30, no. 4, pp. 290–296, Apr. 2008, 
doi: 10.1016/j.cemconcomp.2007.05.011.

44.	 S. Sha, M. Wang, C. Shi, and Y. Xiao, “Influence of the structures of polycarboxylate superp-
lasticizer on its performance in cement-based materials-A review,” Construction and Building 
Materials, vol. 233, p. 117257, Feb. 2020, doi: 10.1016/j.conbuildmat.2019.117257.

45.	 A. Elnashai, “Earthquake resistance of high strength reinforced concrete buildings,” in Seis-
mic Design and Practice into the Next Century, Routledge, 2022, pp. 3–14.

46.	 P.-C. Aïtcin and P. Laplante, “The development of high performance concrete in North Ame-
rica,” in High Performance Concrete, CRC Press, 2018, pp. 412–420.

47.	 P. Scott Nicholls, “Optimum Use of High Performance Concrete in Prestressed Concrete Su-
per-T Bridge Beams,” 2000.

48.	 M. Saatcioglu and D. Baingo, “Circular High-Strength Concrete Columns under Simulated 
Seismic Loading,” Journal of Structural Engineering, vol. 125, no. 3, pp. 272–280, Mar. 1999, 
doi: 10.1061/(ASCE)0733-9445(1999)125:3(272).

49.	 H. K. Karaka and R. K. Tripathi, “Assessing potential damage and energy dissipation in low-ri-
se high-strength concrete frames with strong infill walls using applied element method,” In-
nov. Infrastruct. Solut., vol. 8, no. 11, p. 309, Oct. 2023, doi: 10.1007/s41062-023-01283-7.

50.	 C. E. Ospina and S. D. Alexander, “Transmission of high strength concrete column loads 
through concrete slabs,” 1997.

51.	 P. J. McHarg, W. D. Cook, D. Mitchell, and Y.-S. Yoon, “Improved Transmission of Hi-
gh-Strength Concrete Column Loads through Normal Strength Concrete Slabs”, Accessed: 
Apr. 11, 2025. (Online). Available: https://www.concrete.org/publications/internationalconc-
reteabstractsportal.aspx?m=details&id=845

52.	 B. Sankar and P. Ramadoss, “Mechanical and durability properties of high strength conc-
rete incorporating different combinations of supplementary cementitious materials: a re-
view,” presented at the Proceedings of Fourth International Conference on Inventive Material 
Science Applications: ICIMA 2021, Springer, 2022, pp. 543–557.

53.	 T. Kannangara, M. Guerrieri, S. Fragomeni, and P. Joseph, “A Study of the Residual Stren-
gth of Reactive Powder-Based Geopolymer Concrete under Elevated Temperatures,” Applied 
Sciences, vol. 11, no. 24, Art. no. 24, Jan. 2021, doi: 10.3390/app112411834.

54.	 R. Burg and B. Ost, “Engineering properties of commercially available high-strength concre-
tes (including three-year data),” 1994.

55.	 O. E. Babalola, P. O. Awoyera, D.-H. Le, and L. M. Bendezú Romero, “A review of residual 
strength properties of normal and high strength concrete exposed to elevated temperatu-
res: Impact of materials modification on behaviour of concrete composite,” Construction and 
Building Materials, vol. 296, p. 123448, Aug. 2021, doi: 10.1016/j.conbuildmat.2021.123448.

56.	 S. Mukhopadhyay and S. Khatana, “A review on the use of fibers in reinforced cemen-
titious concrete,” Journal of Industrial Textiles, vol. 45, no. 2, pp. 239–264, Sep. 2015, doi: 
10.1177/1528083714529806.

57.	 V. Afroughsabet, L. Biolzi, and T. Ozbakkaloglu, “High-performance fiber-reinforced conc-
rete: a review,” J Mater Sci, vol. 51, no. 14, pp. 6517–6551, Jul. 2016, doi: 10.1007/s10853-016-



YAPI MALZEMELERI340

9917-4.
58.	 M. N. Amin, W. Ahmad, K. Khan, and A. Ahmad, “Steel Fiber-Reinforced Concrete: A Sys-

tematic Review of the Research Progress and Knowledge Mapping,” Materials, vol. 15, no. 17, 
Art. no. 17, Jan. 2022, doi: 10.3390/ma15176155.

59.	 J. Ma, H. Yuan, J. Zhang, and P. Zhang, “Enhancing concrete performance: A comprehensi-
ve review of hybrid fiber reinforced concrete,” Structures, vol. 64, p. 106560, Jun. 2024, doi: 
10.1016/j.istruc.2024.106560.

60.	 M. Anas, M. Khan, H. Bilal, S. Jadoon, and M. N. Khan, “Fiber Reinforced Concrete: A Review,” 
Engineering Proceedings, vol. 22, no. 1, Art. no. 1, 2022, doi: 10.3390/engproc2022022003.

61.	 V. Balagopal, A. S. Panicker, M. S. Arathy, S. Sandeep, and S. K. Pillai, “Influence of fibers on 
the mechanical properties of cementitious composites – a review,” Materials Today: Procee-
dings, vol. 65, pp. 1846–1850, Jan. 2022, doi: 10.1016/j.matpr.2022.05.023.

62.	 Y. M. Abbas and M. Iqbal Khan, “Fiber–matrix interactions in fiber-reinforced concrete: A 
review,” Arabian Journal for Science and Engineering, vol. 41, no. 4, pp. 1183–1198, 2016.

63.	 F. Bencardino, L. Rizzuti, G. Spadea, and R. N. Swamy, “Stress-Strain Behavior of Steel Fi-
ber-Reinforced Concrete in Compression,” Journal of Materials in Civil Engineering, vol. 20, 
no. 3, pp. 255–263, Mar. 2008, doi: 10.1061/(ASCE)0899-1561(2008)20:3(255).

64.	 Y. Li et al., “A review on durability of basalt fiber reinforced concrete,” Composites Science and 
Technology, vol. 225, p. 109519, Jul. 2022, doi: 10.1016/j.compscitech.2022.109519.

65.	 M. Saatcioglu and S. R. Razvi, “Strength and Ductility of Confined Concrete,” Journal of 
Structural Engineering, vol. 118, no. 6, pp. 1590–1607, Jun. 1992, doi: 10.1061/(ASCE)0733-
9445(1992)118:6(1590).

66.	 T. Ahmad Wani and S. Ganesh, “Study on fresh properties, mechanical properties and mic-
rostructure behavior of fiber reinforced self compacting concrete: A review,” Materials Today: 
Proceedings, vol. 62, pp. 6663–6670, Jan. 2022, doi: 10.1016/j.matpr.2022.04.666.

67.	 R. H. Faraj, A. A. Mohammed, and K. M. Omer, “Self-compacting concrete composites modi-
fied with nanoparticles: A comprehensive review, analysis and modeling,” Journal of Building 
Engineering, vol. 50, p. 104170, Jun. 2022, doi: 10.1016/j.jobe.2022.104170.

68.	 B. Meko, J. O. Ighalo, and O. M. Ofuyatan, “Enhancement of self-compactability of fresh 
self-compacting concrete: A review,” Cleaner Materials, vol. 1, p. 100019, Dec. 2021, doi: 
10.1016/j.clema.2021.100019.

69.	 V. Athiyamaan, “Admixture-based self-compacted concrete with self-curing concrete tech-
niques a state of art of review,” Cleaner Engineering and Technology, vol. 5, p. 100250, Dec. 
2021, doi: 10.1016/j.clet.2021.100250.

70.	 L. Pang, Z. Liu, D. Wang, and M. An, “Review on the Application of Supplementary Cemen-
titious Materials in Self-Compacting Concrete,” Crystals, vol. 12, no. 2, Art. no. 2, Feb. 2022, 
doi: 10.3390/cryst12020180.

71.	 H. N. Ruslan, K. Muthusamy, F. Mat Yahaya, M. A. Fauzi, M. A. Ismail, and Z. Ali, “Review 
on performance of self compacting concrete containing solid waste and bibliometric proper-
ties: A review,” Journal of Building Engineering, vol. 86, p. 108752, Jun. 2024, doi: 10.1016/j.
jobe.2024.108752.

72.	 P. Jagadesh, A. Juan-Valdés, M. I. Guerra-Romero, J. M. Morán-del Pozo, J. García-Gonzá-
lez, and R. Martínez-García, “Effect of Design Parameters on Compressive and Split Tensi-
le Strength of Self-Compacting Concrete with Recycled Aggregate: An Overview,” Applied 
Sciences, vol. 11, no. 13, Art. no. 13, Jan. 2021, doi: 10.3390/app11136028.

73.	 Md. Safiuddin, M. Yakhlaf, and K. A. Soudki, “Key mechanical properties and microstructure 
of carbon fibre reinforced self-consolidating concrete,” Construction and Building Materials, 
vol. 164, pp. 477–488, Mar. 2018, doi: 10.1016/j.conbuildmat.2017.12.172.

74.	 R. Prakash, S. N. Raman, N. Divyah, C. Subramanian, C. Vijayaprabha, and S. Praveenkumar, 
“Fresh and mechanical characteristics of roselle fibre reinforced self-compacting concrete in-
corporating fly ash and metakaolin,” Construction and Building Materials, vol. 290, p. 123209, 
Jul. 2021, doi: 10.1016/j.conbuildmat.2021.123209.



Özel Betonlar 341

75.	 M. H. Beigi, J. Berenjian, O. Lotfi Omran, A. Sadeghi Nik, and I. M. Nikbin, “An experimental 
survey on combined effects of fibers and nanosilica on the mechanical, rheological, and du-
rability properties of self-compacting concrete,” Materials & Design, vol. 50, pp. 1019–1029, 
Sep. 2013, doi: 10.1016/j.matdes.2013.03.046.

76.	 Z. Zong, Zhang ,Qingyang, Liu ,Yi, Guo ,Zhanggen, Lin ,Shanli, and T. and Jiang, “Carbona-
tion resistance of sustainable self-compacting concrete with recycled concrete aggregate and 
fly ash, slag, and silica fume,” European Journal of Environmental and Civil Engineering, vol. 
28, no. 9, pp. 2177–2199, Jul. 2024, doi: 10.1080/19648189.2023.2295536.

77.	 H. Okamura and M. Ouchi, “Self-compacting concrete,” Journal of advanced concrete techno-
logy, vol. 1, no. 1, pp. 5–15, 2003.

78.	 M. Geiker and S. Jacobsen, “Self-compacting concrete (SCC),” in Developments in the Formu-
lation and Reinforcement of Concrete, Elsevier, 2019, pp. 229–256.

79.	 N. Gupta, R. Siddique, and R. Belarbi, “Sustainable and Greener Self-Compacting Concrete 
incorporating Industrial By-Products: A Review,” Journal of Cleaner Production, vol. 284, p. 
124803, Feb. 2021, doi: 10.1016/j.jclepro.2020.124803.

80.	 M. Tuyan, A. Mardani-Aghabaglou, and K. Ramyar, “Freeze–thaw resistance, mechani-
cal and transport properties of self-consolidating concrete incorporating coarse recycled 
concrete aggregate,” Materials & Design, vol. 53, pp. 983–991, Jan. 2014, doi: 10.1016/j.mat-
des.2013.07.100.

81.	 B. Zhang, “Durability of Low-carbon Geopolymer Concrete: A Critical Review. Sustainable 
Materials and Technologies 40, e00882,” 2024.

82.	 P. Cong and Y. Cheng, “Advances in geopolymer materials: A comprehensive review,” Journal 
of Traffic and Transportation Engineering (English Edition), vol. 8, no. 3, pp. 283–314, Jun. 
2021, doi: 10.1016/j.jtte.2021.03.004.

83.	 M. Elzeadani, D. V. Bompa, and A. Y. Elghazouli, “One part alkali activated materials: A 
state-of-the-art review,” Journal of Building Engineering, vol. 57, p. 104871, Oct. 2022, doi: 
10.1016/j.jobe.2022.104871.

84.	 A. L. Almutairi, B. A. Tayeh, A. Adesina, H. F. Isleem, and A. M. Zeyad, “Potential applicati-
ons of geopolymer concrete in construction: A review,” Case Studies in Construction Materi-
als, vol. 15, p. e00733, Dec. 2021, doi: 10.1016/j.cscm.2021.e00733.

85.	 M. Amran et al., “Long-term durability properties of geopolymer concrete: An in-depth re-
view,” Case Studies in Construction Materials, vol. 15, p. e00661, Dec. 2021, doi: 10.1016/j.
cscm.2021.e00661.

86.	 B. Singh, G. Ishwarya, M. Gupta, and S. K. Bhattacharyya, “Geopolymer concrete: A review 
of some recent developments,” Construction and Building Materials, vol. 85, pp. 78–90, Jun. 
2015, doi: 10.1016/j.conbuildmat.2015.03.036.

87.	 J. Matsimbe, M. Dinka, D. Olukanni, and I. Musonda, “Geopolymer: A Systematic Review of 
Methodologies,” Materials, vol. 15, no. 19, Art. no. 19, Jan. 2022, doi: 10.3390/ma15196852.

88.	 O. Mohamed and H. Zuaiter, “Fresh Properties, Strength, and Durability of Fiber-Reinforced 
Geopolymer and Conventional Concrete: A Review,” Polymers, vol. 16, no. 1, Art. no. 1, Jan. 
2024, doi: 10.3390/polym16010141.

89.	 Y. Patrisia, D. W. Law, C. Gunasekara, and A. Wardhono, “Long-term durability of iron-rich 
geopolymer concrete in sulphate, acidic and peat environments,” Journal of Building Enginee-
ring, vol. 97, p. 110744, Nov. 2024, doi: 10.1016/j.jobe.2024.110744.

90.	 A. Alsalman, L. N. Assi, R. S. Kareem, K. Carter, and P. Ziehl, “Energy and CO2 emission as-
sessments of alkali-activated concrete and Ordinary Portland Cement concrete: A compara-
tive analysis of different grades of concrete,” Cleaner Environmental Systems, vol. 3, p. 100047, 
Dec. 2021, doi: 10.1016/j.cesys.2021.100047.

91.	 T. Wu, J. Wu, C. Zheng, and J. Wang, “Evaluation of freeze-thaw resistance of geopolymer 
concrete incorporating GFRP waste powder,” Journal of Building Engineering, vol. 90, p. 
109465, Aug. 2024, doi: 10.1016/j.jobe.2024.109465.

92.	 C. Zhao, Z. Li, S. Peng, J. Liu, Q. Wu, and X. Xu, “State-of-the-art review of geopolymer conc-
rete carbonation: From impact analysis to model establishment,” Case Studies in Construction 
Materials, vol. 20, p. e03124, Jul. 2024, doi: 10.1016/j.cscm.2024.e03124.



YAPI MALZEMELERI342

93.	 J. H. Mohammed and A. J. Hamad, “Materials, properties and application review of Lightwe-
ight concrete,” Technical Review of the Faculty of Engineering University of Zulia, vol. 37, no. 
2, pp. 10–15, 2014.

94.	 M. Elshahawi, A. Hückler, and M. Schlaich, “Infra lightweight concrete: A decade of inves-
tigation (a review),” Structural Concrete, vol. 22, no. S1, pp. E152–E168, 2021, doi: 10.1002/
suco.202000206.

95.	 D. J. Akers et al., “Guide for structural lightweight-aggregate concrete,” ACI 213R-03. Ameri-
can Concrete Institute (ACI), Michigan, 2003.

96.	 K.-C. Thienel, T. Haller, and N. Beuntner, “Lightweight Concrete—From Basics to Innovati-
ons,” Materials, vol. 13, no. 5, Art. no. 5, Jan. 2020, doi: 10.3390/ma13051120.

97.	 H. Z. Cui, T. Y. Lo, S. A. Memon, and W. Xu, “Effect of lightweight aggregates on the mecha-
nical properties and brittleness of lightweight aggregate concrete,” Construction and Building 
Materials, vol. 35, pp. 149–158, Oct. 2012, doi: 10.1016/j.conbuildmat.2012.02.053.

98.	 M. N. Haque, H. Al-Khaiat, and O. Kayali, “Strength and durability of lightweight concrete,” 
Cement and Concrete Composites, vol. 26, no. 4, pp. 307–314, May 2004, doi: 10.1016/S0958-
9465(02)00141-5.

99.	 J.-X. Lu, “Recent advances in high strength lightweight concrete: From development strate-
gies to practical applications,” Construction and Building Materials, vol. 400, p. 132905, Oct. 
2023, doi: 10.1016/j.conbuildmat.2023.132905.

100.	M. C. S. Nepomuceno, L. A. Pereira-de-Oliveira, and S. F. Pereira, “Mix design of structural 
lightweight self-compacting concrete incorporating coarse lightweight expanded clay aggre-
gates,” Construction and Building Materials, vol. 166, pp. 373–385, Mar. 2018, doi: 10.1016/j.
conbuildmat.2018.01.161.

101.	B. Reyher et al., “A supermarket made of infra-lightweight concrete-Proof of stability for a fire 
wall,” BETON-UND STAHLBETONBAU, vol. 119, no. 9, pp. 658–666, 2024.

102.	G. Kaplan et al., “Physico-mechanical, thermal insulation and resistance characteristics of di-
atomite and attapulgite based geopolymer foam concrete: Effect of different curing regimes,” 
Construction and Building Materials, vol. 373, p. 130850, Apr. 2023, doi: 10.1016/j.conbuild-
mat.2023.130850.

103.	Haddadian, U. Johnson Alengaram, P. Ayough, K. H. Mo, and A. Mahmoud Alnahhal, “Inhe-
rent characteristics of agro and industrial By-Products based lightweight concrete – A com-
prehensive review,” Construction and Building Materials, vol. 397, p. 132298, Sep. 2023, doi: 
10.1016/j.conbuildmat.2023.132298.

104.	R. Yu, D. V. van Onna, P. Spiesz, Q. L. Yu, and H. J. H. Brouwers, “Development of Ultra-Li-
ghtweight Fibre Reinforced Concrete applying expanded waste glass,” Journal of Cleaner Pro-
duction, vol. 112, pp. 690–701, Jan. 2016, doi: 10.1016/j.jclepro.2015.07.082.

105.	M. Schlaich, A. Hückler, and C. Lösch, “Infra-Lightweight Concrete–A monolithic building 
skin,” presented at the POWERSKIN CONFERENCE, 2017.

106.	S. Sharipudin, A. Ridzuan, and H. Mohd Saman, “Performance of foamed concrete with was-
te paper sludge ash (wpsa) and fine recycled concrete aggregate (frca) contents,” Int Sustain 
Civ Eng J, vol. 1, no. 2, pp. 19–27, 2012.

107.	X. Shi, C. Zhang, X. Wang, T. Zhang, and Q. Wang, “Response surface methodology for mul-
ti-objective optimization of fly ash-GGBS based geopolymer mortar,” Construction and Buil-
ding Materials, vol. 315, p. 125644, Jan. 2022, doi: 10.1016/j.conbuildmat.2021.125644.

108.	S. R. Dharmaraj, N. S. Thomas, M. S. Kachancheeri, C. Dyson, A. Murugan, and E. Rajend-
ran, “Advances in lightweight concrete: balancing strength and workability,” Matéria (Rio de 
Janeiro), vol. 30, p. e20240872, 2025.

109.	X. Liu, K. S. Chia, and M.-H. Zhang, “Development of lightweight concrete with high resis-
tance to water and chloride-ion penetration,” Cement and Concrete Composites, vol. 32, no. 
10, pp. 757–766, Nov. 2010, doi: 10.1016/j.cemconcomp.2010.08.005.

110.	S. Rustamov, S. Woo Kim, M. Kwon, and J. Kim, “Mechanical behavior of fiber-reinforced 
lightweight concrete subjected to repeated freezing and thawing,” Construction and Building 
Materials, vol. 273, p. 121710, Mar. 2021, doi: 10.1016/j.conbuildmat.2020.121710.



Özel Betonlar 343

111.	Y. Yuan et al., “Frost resistance of fiber-reinforced blended slag and Class F fly ash-based 
geopolymer concrete under the coupling effect of freeze-thaw cycling and axial compressive 
loading,” Construction and Building Materials, vol. 250, p. 118831, Jul. 2020, doi: 10.1016/j.
conbuildmat.2020.118831.

112.	M. Thomas and T. Bremner, “Performance of lightweight aggregate concrete containing slag 
after 25 years in a harsh marine environment,” Cement and Concrete Research, vol. 42, no. 2, 
pp. 358–364, Feb. 2012, doi: 10.1016/j.cemconres.2011.10.009.

113.	H. E. Elyamany, A. E. M. Abd Elmoaty, and A. M. Elshaboury, “Magnesium sulfate resistance 
of geopolymer mortar,” Construction and Building Materials, vol. 184, pp. 111–127, Sep. 2018, 
doi: 10.1016/j.conbuildmat.2018.06.212.

114.	K. A. Eltawil, M. G. Mahdy, O. Youssf, and A. M. Tahwia, “Producing Heavyweight High-Per-
formance Concrete by Using Black Sand as Newly Shielding Construction Material,” Materi-
als, vol. 14, no. 18, Art. no. 18, Jan. 2021, doi: 10.3390/ma14185353.

115.	A. M. Onaizi et al., “Radiation-shielding concrete: A review of materials, performance, and 
the impact of radiation on concrete properties,” Journal of Building Engineering, vol. 97, p. 
110800, Nov. 2024, doi: 10.1016/j.jobe.2024.110800.

116.	S. Özen, C. Şengül, T. Erenoğlu, Ü. Çolak, İ. A. Reyhancan, and M. A. Taşdemi̇r, “Properties 
of Heavyweight Concrete for Structural and Radiation Shielding Purposes,” Arab J Sci Eng, 
vol. 41, no. 4, pp. 1573–1584, Apr. 2016, doi: 10.1007/s13369-015-1868-6.

117.	M. A. Khalaf, C. C. Ban, M. Ramli, N. M. Ahmed, L. J. Sern, and H. A. Khaleel, “Physicome-
chanical and gamma-ray shielding properties of high-strength heavyweight concrete contai-
ning steel furnace slag aggregate,” Journal of Building Engineering, vol. 30, p. 101306, Jul. 2020, 
doi: 10.1016/j.jobe.2020.101306.

118.	A. Kukreti, P. Kundra, L. Kathait, N. Garg, and S. Kumar, “A Review on Properties of Heavy 
Weight Concrete,” IOP Conf. Ser.: Earth Environ. Sci., vol. 1086, no. 1, p. 012049, Sep. 2022, 
doi: 10.1088/1755-1315/1086/1/012049.

119.	M. A. Khalaf, C. C. Ban, and M. Ramli, “The constituents, properties and application of he-
avyweight concrete: A review,” Construction and Building Materials, vol. 215, pp. 73–89, Aug. 
2019, doi: 10.1016/j.conbuildmat.2019.04.146.

120.	N. Ramli, R. S. M. Rashid, N. A. M. Nasir, Y. L. Voo, N. M. Azreen, and J. A. Karim, “Modi-
fied ultra-high-performance concrete with boron carbide for neutron and gamma radiation 
shielding,” Construction and Building Materials, vol. 467, p. 140421, Mar. 2025, doi: 10.1016/j.
conbuildmat.2025.140421.

121.	M. A. Khalaf et al., “Engineering and gamma-ray attenuation properties of steel furnace slag 
heavyweight concrete with nano calcium carbonate and silica,” Construction and Building 
Materials, vol. 267, p. 120878, Jan. 2021, doi: 10.1016/j.conbuildmat.2020.120878.

122.	M. Gharieb, Y. A. Mosleh, M. Alwetaishi, E. E. Hussein, and M. E. Sultan, “Effect of using he-
avy aggregates on the high performance concrete used in nuclear facilities,” Construction and 
Building Materials, vol. 310, p. 125111, Dec. 2021, doi: 10.1016/j.conbuildmat.2021.125111.

123.	S. M. Rasoul Abdar Esfahani, S. A. Zareei, M. Madhkhan, F. Ameri, J. Rashidiani, and R. 
A. Taheri, “Mechanical and gamma-ray shielding properties and environmental benefits of 
concrete incorporating GGBFS and copper slag,” Journal of Building Engineering, vol. 33, p. 
101615, Jan. 2021, doi: 10.1016/j.jobe.2020.101615.

124.	P. Sopapan, J. Laopaiboon, O. Jaiboon, C. Yenchai, and R. Laopaiboon, “Feasibility study of 
recycled CRT glass on elastic and radiation shielding properties used as x-ray and gamma-ray 
shielding materials,” Progress in Nuclear Energy, vol. 119, p. 103149, Jan. 2020, doi: 10.1016/j.
pnucene.2019.103149.

125.	C. C. Ban et al., “Modern heavyweight concrete shielding: Principles, industrial applications 
and future challenges; review,” Journal of Building Engineering, vol. 39, p. 102290, Jul. 2021, 
doi: 10.1016/j.jobe.2021.102290.

126.	M. S. Mansy, E. A. EL-Shamy, K. Fawzi Khalil, M. Essam Elawady, H. Abd El-Kader, and K. 
Adly Malek, “Impact of natural aggregates and some industrial wastes on radiation shielding 
properties of heavyweight concrete: Experimental and theoretical study,” Radiation Physics 
and Chemistry, vol. 223, p. 112007, Oct. 2024, doi: 10.1016/j.radphyschem.2024.112007.



YAPI MALZEMELERI344

127.	Z. Guan, H. You, and J. Li, “Lateral Isolation System of a Long-Span Cable-Stayed Bridge with 
Heavyweight Concrete Girder in a High Seismic Region,” Journal of Bridge Engineering, vol. 
22, no. 1, p. 04016104, Jan. 2017, doi: 10.1061/(ASCE)BE.1943-5592.0000965.

128.	M. T. Palou et al., “Formulation of mixture proportions and experimental study of heavywei-
ght self-compacting concrete based on magnetite and barite,” J Therm Anal Calorim, vol. 149, 
no. 19, pp. 10545–10558, Oct. 2024, doi: 10.1007/s10973-024-13418-8.

129.	 I. Luhar, S. Luhar, P. Savva, A. Theodosiou, M. F. Petrou, and D. Nicolaides, “Light Trans-
mitting Concrete: A Review,” Buildings, vol. 11, no. 10, Art. no. 10, Oct. 2021, doi: 10.3390/
buildings11100480.

130.	C. Palanisamy, N. Krishnaswami, S. kumar Velusamy, H. Krishnamurthy, H. kumaar Velmu-
rugan, and H. Udhayakumar, “Transparent concrete by using optical fibre,” Materials Today: 
Proceedings, vol. 65, pp. 1774–1778, Jan. 2022, doi: 10.1016/j.matpr.2022.04.799.

131.	G. Ramesh, “Transparent Concrete: A Review,” Indian Journal of Structure Engineering (IJSE) 
Volume-1 Issue-1, pp. 4–8, 2021.

132.	A. Yadav, S. Shekhar, A. Anand, A. Badal, and B. Zaman, “An investigating study on a new 
innovative material: transparent concrete,” International Journal of Engineering Research and 
Advanced Development, vol. 4, no. 1, pp. 64–72, 2018.

133.	D. Elghezanwy and S. Eltarabily, “A review of translucent concrete as a new innovative mate-
rial in architecture,” Civil Engineering and Architecture, vol. 8, no. 4, pp. 571–579, 2020.

134.	A. Peña-García, L. M. Gil-Martín, and O. Rabaza, “Application of translucent concrete for 
lighting purposes in civil infrastructures and its optical characterization,” Key Engineering 
Materials, vol. 663, pp. 148–156, 2016.

135.	 I. Topçu, E. Akkan, T. Uygunoğlu, and K. Çalişkan, “Self-cleaning concretes: an overview,” J. 
Cem. Based Compos, vol. 2, pp. 6–12, 2020.

136.	S. P. Dalawai et al., “Recent advances in durability of superhydrophobic self-cleaning techno-
logy: a critical review,” Progress in Organic Coatings, vol. 138, p. 105381, 2020.

137.	A. Zhao, J. Yang, and E.-H. Yang, “Self-cleaning engineered cementitious composites,” Ce-
ment and Concrete Composites, vol. 64, pp. 74–83, 2015.

138.	A. Lapidus, E. Korolev, D. Topchiy, T. Kuzmina, S. Shekhovtsova, and N. Shestakov, “Self-cle-
aning cement-based building materials,” Buildings, vol. 12, no. 5, p. 606, 2022.

139.	M. V. Diamanti, N. Luongo, S. Massari, S. L. Spagnolo, B. Daniotti, and M. Pedeferri, “Dura-
bility of self-cleaning cement-based materials,” Construction and Building Materials, vol. 280, 
p. 122442, 2021.

140.	E. Boonen, A. Beeldens, I. Dirkx, and V. Bams, “Durability of cementitious photocatalytic 
building materials,” Catalysis Today, vol. 287, pp. 196–202, 2017.

141.	P. Chindaprasirt and U. Rattanasak, “Fabrication of self-cleaning fly ash/polytetrafluoroet-
hylene material for cement mortar spray-coating,” Journal of Cleaner Production, vol. 264, p. 
121748, 2020.

142.	 “Biomimetic superhydrophobic surface of concrete: Topographic and chemical modification 
assembly by direct spray,” Construction and Building Materials, vol. 181, pp. 347–357, Aug. 
2018, doi: 10.1016/j.conbuildmat.2018.06.063.

143.	A. Andaloro, E. S. Mazzucchelli, A. Lucchini, and M. Pedeferri, “Photocatalytic self-cleaning 
coatings for building facade maintenance. Performance analysis through a case-study appli-
cation,” Journal of Facade Design and Engineering, vol. 4, no. 3–4, pp. 115–129, 2017.

144.	 J. Chen, S. Kou, and C. Poon, “Photocatalytic cement-based materials: Comparison of nit-
rogen oxides and toluene removal potentials and evaluation of self-cleaning performance,” 
Building and Environment, vol. 46, no. 9, pp. 1827–1833, 2011.

145.	M. Gallus et al., “Photocatalytic de-pollution in the Leopold II tunnel in Brussels: NOx aba-
tement results,” Building and Environment, vol. 84, pp. 125–133, Jan. 2015, doi: 10.1016/j.
buildenv.2014.10.032.

146.	M. M. Ballari and H. J. H. Brouwers, “Full scale demonstration of air-purifying pavement,” 
Journal of Hazardous Materials, vol. 254–255, pp. 406–414, Jun. 2013, doi: 10.1016/j.jhaz-
mat.2013.02.012.



Özel Betonlar 345

147.	A. Folli, J. Z. Bloh, M. Strøm, T. Pilegaard Madsen, T. Henriksen, and D. E. Macphee, “Ef-
ficiency of solar-light-driven TiO2 photocatalysis at different latitudes and seasons. Where 
and when does TiO2 really work?,” The journal of physical chemistry letters, vol. 5, no. 5, pp. 
830–832, 2014.

148.	L. Zhang, M. Zheng, D. Zhao, and Y. Feng, “A review of novel self-healing concrete techno-
logies,” Journal of Building Engineering, p. 109331, 2024.

149.	M. Seifan, A. K. Samani, and A. Berenjian, “Bioconcrete: next generation of self-healing conc-
rete,” Applied microbiology and biotechnology, vol. 100, pp. 2591–2602, 2016.

150.	C. Xue, W. Li, J. Li, V. W. Tam, and G. Ye, “A review study on encapsulation‐based self‐healing 
for cementitious materials,” Structural Concrete, vol. 20, no. 1, pp. 198–212, 2019.

151.	L. Lv et al., “Synthesis and characterization of a new polymeric microcapsule and feasibility 
investigation in self-healing cementitious materials,” Construction and Building Materials, 
vol. 105, pp. 487–495, 2016.

152.	N. De Belie et al., “A review of self‐healing concrete for damage management of structures,” 
Advanced materials interfaces, vol. 5, no. 17, p. 1800074, 2018.

153.	Y. Li, J. Yu, Z. Cao, W. Du, Y. Zhang, and Y. Zou, “Preparation and characterization of na-
no-Fe3O4/paraffin encapsulated isocyanate microcapsule by electromagnetic controlled rup-
ture for self-healing cementitious materials,” Construction and Building Materials, vol. 265, p. 
120703, 2020.

154.	M. Nodehi, T. Ozbakkaloglu, and A. Gholampour, “A systematic review of bacteria-based 
self-healing concrete: Biomineralization, mechanical, and durability properties,” Journal of 
Building Engineering, vol. 49, p. 104038, 2022.

155.	H. M. Jonkers, “Self healing concrete: a biological approach,” in Self healing materials: An 
alternative approach to 20 centuries of materials science, Springer, 2007, pp. 195–204.

156.	H. Hermawan, P. Minne, P. Serna, and E. Gruyaert, “Understanding the impacts of healing 
agents on the properties of fresh and hardened self-healing concrete: a review,” Processes, vol. 
9, no. 12, p. 2206, 2021.

157.	E. Gruyaert et al., “Capsules with evolving brittleness to resist the preparation of self-healing 
concrete,” Materiales de Construcción, vol. 66, no. 323, pp. e092–e092, 2016.

158.	M. R. Hossain, R. Sultana, M. M. Patwary, N. Khunga, P. Sharma, and S. J. Shaker, “Self-hea-
ling concrete for sustainable buildings. A review,” Environmental Chemistry Letters, pp. 1–9, 
2022.

159.	K. P. Bautista-Gutierrez, A. L. Herrera-May, J. M. Santamaría-López, A. Honorato-Moreno, 
and S. A. Zamora-Castro, “Recent progress in nanomaterials for modern concrete infrastruc-
ture: Advantages and challenges,” Materials, vol. 12, no. 21, p. 3548, 2019.

160.	G. Quercia and H. Brouwers, “Application of nano-silica (nS) in concrete mixtures,” presen-
ted at the 8th fib International Ph. D. Symposium in Civil Engineering. Lyngby, 2010, pp. 
431–436.

161.	 I. M. Nikbin, R. Mohebbi, S. Dezhampanah, S. Mehdipour, R. Mohammadi, and T. Nejat, 
“Gamma ray shielding properties of heavy-weight concrete containing Nano-TiO2,” Radiati-
on Physics and Chemistry, vol. 162, pp. 157–167, 2019.

162.	H. Chu, Q. Wang, L. Gao, J. Jiang, and F. Wang, “An approach of producing Ultra-High-Per-
formance concrete with high elastic modulus by Nano-Al2O3: A preliminary study,” Materi-
als, vol. 15, no. 22, p. 8118, 2022.

163.	K. Liew, M. Kai, and L. Zhang, “Carbon nanotube reinforced cementitious composites: An 
overview,” Composites Part A: Applied Science and Manufacturing, vol. 91, pp. 301–323, 2016.

164.	S. Parveen, S. Rana, R. Fangueiro, and M. Paiva, “Characterizing dispersion and long term 
stability of concentrated carbon nanotube aqueous suspensions for fabricating ductile ce-
mentitious composites,” Powder Technology, vol. 307, pp. 1–9, 2017.

165.	H. Xiao, F. Zhang, R. Liu, R. Zhang, Z. Liu, and H. Liu, “Effects of pozzolanic and non-poz-
zolanic nanomaterials on cement-based materials,” Construction and Building Materials, vol. 
213, pp. 1–9, 2019.



YAPI MALZEMELERI346

166.	W. Yang, H. Liu, and H. Wang, “Experimental study on mechanical properties of basalt fi-
ber reinforced nano-SiO2 concrete after high temperature,” Frontiers in Materials, vol. 11, p. 
1415144, 2024.

167.	L. Li, C. Wang, Z. Zhao, L. Dang, and R. He, “Hydration behavior and micro-pore structural 
of Portland cement composites with crystalline nano-SiO₂ at low temperature,” Journal of 
Building Engineering, vol. 98, p. 111276, 2024.

168.	M. Mohtasham Moein, K. Rahmati, A. Saradar, J. Moon, and M. Karakouzian, “A critical 
review examining the characteristics of modified concretes with different nanomaterials,” 
Materials, vol. 17, no. 2, p. 409, 2024.

169.	 I. Dejaeghere, M. Sonebi, and G. De Schutter, “Influence of nano-clay on rheology, fresh pro-
perties, heat of hydration and strength of cement-based mortars,” Construction and Building 
Materials, vol. 222, pp. 73–85, 2019.

170.	M. M. Norhasri, M. Hamidah, and A. M. Fadzil, “Applications of using nano material in conc-
rete: A review,” Construction and Building Materials, vol. 133, pp. 91–97, 2017.

171.	G. Goel, P. Sachdeva, A. K. Chaudhary, and Y. Singh, “The use of nanomaterials in concrete: 
A review,” Materials Today: Proceedings, vol. 69, pp. 365–371, 2022.

172.	M. Safiuddin, M. Gonzalez, J. Cao, and S. L. Tighe, “State-of-the-art report on use of na-
no-materials in concrete,” International Journal of Pavement Engineering, vol. 15, no. 10, pp. 
940–949, 2014.

173.	H. Saleem, S. J. Zaidi, and N. A. Alnuaimi, “Recent advancements in the nanomaterial appli-
cation in concrete and its ecological impact,” Materials, vol. 14, no. 21, p. 6387, 2021.

174.	 J. Silvestre, N. Silvestre, and J. De Brito, “Review on concrete nanotechnology,” European Jour-
nal of Environmental and Civil Engineering, vol. 20, no. 4, pp. 455–485, 2016.

175.	R. Jayathilakage, P. Rajeev, and J. Sanjayan, “Rheometry for concrete 3D printing: a review 
and an experimental comparison,” Buildings, vol. 12, no. 8, p. 1190, 2022.

176.	N. Roussel, A. Lemaître, R. J. Flatt, and P. Coussot, “Steady state flow of cement suspensions: 
A micromechanical state of the art,” Cement and Concrete Research, vol. 40, no. 1, pp. 77–84, 
2010.

177.	R. Wolfs, F. P. Bos, and T. Salet, “Early age mechanical behaviour of 3D printed concrete: 
Numerical modelling and experimental testing,” Cement and Concrete Research, vol. 106, pp. 
103–116, 2018.

178.	M. A. Moeini, M. Hosseinpoor, and A. Yahia, “3D printing of cement-based materials with 
adapted buildability,” Construction and Building Materials, vol. 337, p. 127614, 2022.

179.	H. Lee, J.-H. J. Kim, J.-H. Moon, W.-W. Kim, and E.-A. Seo, “Evaluation of the mechanical 
properties of a 3D-printed mortar,” Materials, vol. 12, no. 24, p. 4104, 2019.

180.	Z. Wan, Y. Zhang, Y. Xu, and B. Šavija, “Self-healing cementitious composites with a hollow 
vascular network created using 3D-printed sacrificial templates,” Engineering Structures, vol. 
289, p. 116282, 2023.

181.	C. Vlachakis, J. McAlorum, and M. Perry, “3D printed cement-based repairs and strain sen-
sors,” Automation in Construction, vol. 137, p. 104202, 2022.

182.	P. Rathish Kumar, T. Oshima, and S. Mikami, “Ferrocement confinement of plain and rein-
forced concrete,” Progress in Structural Engineering and Materials, vol. 6, no. 4, pp. 241–251, 
2004.

183.	Y. Yardim, “Review of research on the application of ferrocement in composite precast slabs,” 
Periodica Polytechnica Civil Engineering, vol. 62, no. 4, pp. 1030–1038, 2018.

184.	P. Sakthivel and A. Jagannathan, “Ferrocement construction technology and its applicati-
ons–A Review,” presented at the Proc. Int. Conf. on Structural Engineering, Construction 
and Management (ICSECM-2011), Kandy, Sri Lanka, Citeseer, 2011, pp. 15–17.

185.	 J. M. Boban and A. S. John, “A review on the use of ferrocement with stainless steel mesh as a 
rehabilitation technique,” Materials Today: Proceedings, vol. 42, pp. 1100–1105, 2021.

186.	A. Kaish, M. Jamil, S. Raman, M. Zain, and L. Nahar, “Ferrocement composites for stren-
gthening of concrete columns: A review,” Construction and Building Materials, vol. 160, pp. 
326–340, 2018.



Özel Betonlar 347

187.	R. Mohana, S. Prabavathy, and S. L. Bharathi, “Sustainable utilization of industrial wastes for 
the cleaner production of ferrocement structures: A comprehensive review,” Journal of Clea-
ner Production, vol. 291, p. 125916, 2021.

188.	M. Kulkarni Nagesh and D. Gaidhankar, “Analysis and Design of Ferrocement Panels an Ex-
perimental Study,” International Journal of Inventive Engineering and Sciences (IJIES) ISSN, 
pp. 2319–9598.

189.	P. Minde, D. Bhagat, M. Patil, and M. Kulkarni, “A state-of-the-art review of ferrocement as a 
sustainable construction material in the Indian context,” Materials Today: Proceedings, 2023.

190.	C. Londhe and P. Minde, “Ferrocement: cost effective & sustainable construction material for 
low cost urban housing in India,” Gis Science Journal, vol. 8, no. 3, 2021.

191.	R. Mohana and S. L. Bharathi, “Assessment on the mesh and mortar effect of the impact resis-
tant nano fly ash based geopolymer ferrocement panels using rubber and plastic aggregates,” 
presented at the Structures, Elsevier, 2024, p. 107147.

192.	C. Mostert, J. Bock, H. Sameer, and S. Bringezu, “Environmental assessment of carbon conc-
rete based on life-cycle wide climate, material, energy and water footprints,” Materials, vol. 
15, no. 14, p. 4855, 2022.

193.	A. Singh, P. Vaddy, and K. P. Biligiri, “Quantification of embodied energy and carbon footp-
rint of pervious concrete pavements through a methodical lifecycle assessment framework,” 
Resources, Conservation and Recycling, vol. 161, p. 104953, 2020.

194.	X.-J. Li, W.-J. Xie, C. Y. Jim, and F. Feng, “Holistic LCA evaluation of the carbon footprint of 
prefabricated concrete stairs,” Journal of Cleaner Production, vol. 329, p. 129621, 2021.

195.	B. Tang, H. Wu, and Y.-F. Wu, “Evaluation of carbon footprint of compression cast waste 
rubber concrete based on LCA approach,” Journal of Building Engineering, vol. 86, p. 108818, 
2024.

196.	A. Witte and N. Garg, “Quantifying the global warming potential of low carbon concrete 
mixes: Comparison of existing life cycle analysis tools,” Case Studies in Construction Materi-
als, vol. 20, p. e02832, 2024.

197.	C. V. Nielsen, “Carbon footprint of concrete buildings seen in the life cycle perspective,” 
presented at the Proceedings NRMCA 2008 Concrete Technology Forum, National Ready 
Mixed Concrete Association Silver Spring, MD, 2008, pp. 1–14.

198.	D. R. Vieira, J. L. Calmon, and F. Z. Coelho, “Life cycle assessment (LCA) applied to the ma-
nufacturing of common and ecological concrete: A review,” Construction and Building Mate-
rials, vol. 124, pp. 656–666, 2016.

199.	H. Sameer, V. Weber, C. Mostert, S. Bringezu, E. Fehling, and A. Wetzel, “Environmental 
assessment of ultra-high-performance concrete using carbon, material, and water footprint,” 
Materials, vol. 12, no. 6, p. 851, 2019.

200.	 J. Zhang, J. C. Cheng, and I. M. Lo, “Life cycle carbon footprint measurement of Portland 
cement and ready mix concrete for a city with local scarcity of resources like Hong Kong,” The 
international journal of life cycle assessment, vol. 19, pp. 745–757, 2014.

201.	M. Manjunatha, S. Preethi, H. Mounika, and K. Niveditha, “Life cycle assessment (LCA) of 
concrete prepared with sustainable cement-based materials,” Materials Today: Proceedings, 
vol. 47, pp. 3637–3644, 2021.




