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ABSTRACT: Structural Lightweight Concrete (SLC) has become one of the most promising construction
materials in modern civil engineering due to its potential to reduce structural dead load, enhance seismic
performance, improve thermal efficiency, and contribute to sustainable development. Over recent
decades, extensive research has focused on the development of various forms of lightweight concrete,
including lightweight aggregate concrete, cellular and foamed concrete, fiber-reinforced lightweight
concrete, nano-engineered systems, and recycled or green lightweight concretes. Despite these advances,
achieving an optimal balance between reduced density, adequate mechanical performance, long-
term durability, and environmental sustainability remains a major challenge. Among supplementary
cementitious materials, fly ash has emerged as a key component in improving the performance of
structural lightweight concrete. As a widely available industrial by-product with significant pozzolanic
activity, fly ash contributes to enhanced microstructural density, improved durability, reduced cement
consumption, and lower environmental impact. This review paper presents a comprehensive, critical, and
forward-looking assessment of structural lightweight concrete, with particular emphasis on the role of
fly ash in improving mechanical, durability, and sustainability-related properties. The study synthesizes
recent experimental and analytical findings, identifies key challenges and research gaps, and outlines
future directions for the development and large-scale application of fly ash—based structural lightweight
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concrete in sustainable construction.

1- Introduction

The increasing demand for sustainable, resilient, and
resource-efficient infrastructure has intensified the need
for advanced construction materials capable of meeting
modern performance and environmental requirements [1].
Conventional normal-weight concrete, despite its widespread
use, is associated with high self-weight, significant
consumption of natural resources, and considerable carbon
dioxide emissions arising primarily from cement production
[2] [3]. In this context, structural lightweight concrete has
gained growing attention as a viable alternative capable of
addressing both structural and environmental challenges [4].

Structural lightweight concrete is defined as concrete
with a reduced density—typically achieved through the use
of lightweight aggregates, controlled porosity, or innovative
material systems—while maintaining sufficient strength and
durability for structural applications [5]. The reduction in
dead load, often ranging from 20% to 50% compared with
normal-weight concrete, allows for more efficient structural
design, smaller cross-sectional dimensions, reduced
reinforcement demand, and improved seismic performance
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[6]. Furthermore, the inherent thermal insulation properties of
lightweight concrete contribute to lower operational energy
consumption in buildings, supporting global efforts toward
energy efficiency and greenhouse gas emission reduction [7].

Despite its advantages, the performance of structural
lightweight concrete is strongly influenced by its constituent
materials, production techniques, and curing regimes [8]. The
wide diversity of lightweight concrete types and formulations
has resulted in significant variability in mechanical properties,
durability, and long-term performance [9]. Existing studies
often focus on specific lightweight concrete systems, while
comprehensive and integrative reviews that critically evaluate
recent advancements, limitations, and future perspectives
remain limited [10].

Within this framework, the incorporation of fly ash as a
supplementarycementitiousmaterial hasreceived considerable
attention [11]. Fly ash not only improves workability and
long-term strength development but also enhances durability
and significantly reduces the environmental footprint of
concrete [12]. Figure 1 illustrates the timeline of research on
lightweight concrete containing fly ash from 1980 to 2025,
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Fig. 1. Timeline of Research on Lightweight Concrete Containing Fly Ash (1980-2025).

highlighting the increasing scholarly interest and research
activity over the past four decades. The present study aims to
provide a comprehensive and analytical review of structural
lightweight concrete, with particular emphasis on the role
of fly ash in improving performance and sustainability.
The paper systematically examines classification, material
characteristics, production technologies, and emerging
research trends, while highlighting existing challenges and
future research needs.

2- Methodology
This study adopts a systematic and critical literature
review methodology to analyze research related to structural
lightweight concrete and the application of fly ash. Peer-
reviewed journal articles, conference proceedings, technical
reports, and international standards published between 1980
and 2025 were examined. Both experimental and analytical
studies were included to ensure comprehensive coverage
of material behavior, performance evaluation, and practical
applications.
The reviewed literature was categorized based on the
following criteria:
1. classification and production methods of structural
lightweight concrete;
2. mechanical properties, including compressive, tensile,
and flexural strength;
3. durability performance, such as permeability, freeze—
thaw resistance, and chemical resistance;
4. environmental and sustainability aspects, including
cement reduction and CO, emissions; and
5.the role and mechanisms of fly ash in improving
lightweight concrete performance.
Comparative analysis was employed to identify
performance trends, optimal mix design parameters,
advantages, limitations, and research gaps. Particular
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emphasis was placed on studies investigating fly ash as a
partial cement replacement or as a component of lightweight
aggregate systems.

3- Results and Discussion

The reviewed studies indicate that structural lightweight
concrete can be broadly classified into four main categories:
lightweight aggregate concrete, cellular and foamed concrete,
fiber- and nano-reinforced lightweight concrete, and recycled
or green lightweight concrete. Lightweight aggregate concrete
remains the most widely used form for structural applications
due to its relatively high strength and predictable behavior.
Cellular and foamed concretes offer extremely low densities
and superior thermal insulation but are generally limited to
non-structural applications because of their lower mechanical
strength.

Recent research demonstrates that the incorporation of
fibers and nanomaterials effectively compensates for the
inherent brittleness and reduced tensile strength of lightweight
concrete. Fibers enhance crack control, ductility, and energy
absorption, while nanomaterials improve the microstructure
and interfacial transition zone, leading to higher strength and
durability.

Fly ash plays a critical role across all categories of
structural lightweight concrete. Its pozzolanic reaction with
calcium hydroxide results in the formation of additional
calcium silicate hydrate (C—S—H), refining the pore structure
and enhancing long-term strength. The spherical morphology
and fine particle size of fly ash also improve workability and
reduce water demand. Most studies report optimal cement
replacement levels between 20% and 30%, providing a
balance between early-age strength development and long-
term performance enhancement.

Durability performance is significantly improved in fly
ash—based lightweight concrete, with reduced permeability,
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enhanced resistance to chloride and sulfate attack, and
improved freeze—thaw behavior. From an environmental
perspective, the partial replacement of cement with fly ash
leads to substantial reductions in CO, emissions, promotes
industrial waste recycling, and aligns with sustainable
construction principles. Nevertheless, challenges remain,
including variability in fly ash quality, reduced early-age
strength, and the lack of comprehensive design standards
specifically addressing structural lightweight concrete
containing fly ash.

4- Conclusion

Structural lightweight concrete represents a key material
solution for addressing the technical and environmental
challenges of modern construction. Advances in material
engineering, particularly through the use of fly ash, fibers, and
nanomaterials, have significantly enhanced the mechanical
performance, durability, and sustainability of lightweight
concrete systems. Fly ash, in particular, has proven to be an
effective supplementary cementitious material that improves
long-term performance while reducing cement consumption
and environmental impact.

Despite significant progress, further research is required
to optimize mix designs, address early-age performance
limitations, and develop unified standards and design
guidelines. Future studies should focus on large-scale
applications, long-term durability assessment, and life-
cycle analysis to facilitate widespread industrial adoption.
With continued research and standardization, fly ash—based
structural lightweight concrete is expected to play a central
role in sustainable, resilient, and energy-efficient construction.
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1. Recycled and Green Lightweight Concrete
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Table 1. Comparison of Different Types of Structural Lightweight Concrete.
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1. Role of Fly Ash in Structural Lightweight Concrete
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Table 2. Summary of Common Physical and Chemical Properties of Fly Ash.
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Fig. 1. Timeline of Research on Lightweight Concrete Containing Fly Ash (1980-2025).
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Table 3. Comparison of the Effect of Fly Ash on the Properties of Structural Lightweight Concrete.
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2. ULSCC: Ultra-Lightweight Super Concrete
3. Real-Time Quality Control
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Table 4. Summary of Research Gaps and Future Recommendations.

G&.{T ‘;l..”.. . 6[“\)' .o on )

oéﬁ‘g’um @Lﬂ.».ﬂ:u 3 ‘_glbc.éls.ﬁb

(hb sy Ml 5 o ol slosustinl 5 b fonlljgiws dnwgs
S 3 S J 7S g el

S (5 0,Sdas 055l sl (28ly sloolsy 5 e slasbly ol
cilizee Lo g asldl Ll o

wogd= Soir slaSw plp 0 S (pu J8; 55, » el Slallas

A 5 S0y 5 Sk

g BLI )3 gl aigy oy et g Sletann slaiole;l sl
o shaiodiz S 0 50 JoSe sla o938

P35 2 6ol S G pas oo 5 855 e lionds oS 5 3l 3280 axlllas
S (R plge g (Sl

Sl b)) sln onli-anie galr Slallls 5 (LCA) o a2 Lol

9 Yo slaojle cgandn Sl ygld b S 0 Gl Sl (o)

Slojle vialign sl

Sloslr S 3 95 5 9dg 6l a2 LSy slas il 05

Slyos sojgn (2Bly oubde ;o Slae Sllllas 35,05

Lﬁ_i...nl.u.b Ls)ldf)bm)bj)sumdﬁb Plsbtsw)).s)om

ngt Sl g olge ol aigy oS 5 ogas o Olidsd 9geS

@0k S LadS (o9 it Sl el b3yl g

e slo oyt golaidl g aecn ;o ,Slas (54, Oladod Cyogasee

Slegilo (g sbos,sld b S 40 (6,5 5k 0,b,0 ools dgaS

Ol oyl 2 o9Me VAT conl 485 115 x5 5)90 a8 lge 5l
5 Ghwecun) bl ges s o pegad ) Slatuw
g b ol anlie 5 ool S (gob S slagn (goladl
o Mg o isu cpl dawgi gl oIl alie )0 jein ¢ Jaome
DA] S il by 95 pl (sixino (opdy 9 Cdgde (RN ) (core
Sl e (g Siysld (938lig) M) 4 a2 b cule
Gl iadgn saojlo 5 ) Vgde slojle (Slaptuw (i (Sandw
Caiwo gt sl Blg o bgysld pl b dlojle Saw 4
Cadd p3Y s oyl 30y b ol b S bl lescsl
dagsysld ool b Sow 2 )5l pogad 3 ey Clids
ool gnd drgs izmen g pgldas 5 Wy A0l (siluais
358 plol ki ol

A e AP bB lacd iy 9S4 ST Egeme

suSB 51 eolael VA ] Canl aBl Cusal i 5l e (o Cats
b WS o S8 3l g b @lie Bpae S 4 ks b
a3 £l 3515 o plgs g (Sl olss 5 sl 390 b Wl e
03 5uS ()0 e ywe 33 (soke SBOHL e gy ol b AYV]
wlhosd oS5 g CorsS (Jlo slp )b dg3g o3le pl o kbl o
Kol g g g &) Ay cilisn ol 53 0aBadgs (3L S
3 sosiinn pib lue ol PAY] 3L puize caday Slgi oo ol
Sl ol Sllllae @958 9305 o3k S (gl S 31 olss
Iy odle oyl oS IS 5 (s 5lwdylailin] 8 pae digy (slaodgixe puss
bgyo Slalllas 38T a8 culy dn g8 LU cyuizmed YAY] WS o ojllingd
ol 31 (ool 5 d51m0 (slasoys oyt 1 By csdly S
s o258 (slaojl )> (5 B Jlod g wledgs 3 sete S 500 2
5 Sloww JoSo dlge plo b S 5 )0 b eooly yuuSs Brpan o |l

14494



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

flaein; g (Sl
snli—aiie by obs)l g (LCA) yoe a3 0 cla llos <l @
ok &g ol By ol o Gl
o9 Syl b ool s (ool S iy (B3l oy @
Y gde clrojle g gamaw Ol> wile el
d2g bl yuSB (gl slojle S ggemme o
Sl g 2D el B sln g LB Jeily dacodgion
wiopllal (63,509) pilime Jowily cnl 35 )b jlegcsle cuio

S5 e Bgn 8 Cunl (xho g (228 dalgd g (e g lLS )0
S B alel s )lS g e olidsd e

Xlo

[1] Thienel, K. C., Haller, T., & Beuntner, N. (2020).
Lightweight concrete—From basics to innovations.
Materials, 13(5), 1120.

[2] Agrawal, Y., Gupta, T., Sharma, R., Panwar, N. L., &
Siddique, S. (2021). A comprehensive review on the
performance of structural lightweight aggregate concrete
for sustainable construction. Construction Materials,
1(1), 39-62.

[3] Zareef, M. E. (2010). Conceptual and structural design
of buildings made of lightweight and infra-lightweight
concrete (Doctoral dissertation, Berlin, Techn. Univ.,

Diss., 2010).
[4] Kumar, R., Srivastava, A., & Lakhani, R. (2021).

Industrial wastes-cum-strength enhancing additives
incorporated lightweight aggregate concrete (LWAC)
for energy efficient building: A comprehensive review.

Sustainability, 14(1), 331.
[5] Tasdemir, C., Sengul, O., & Tasdemir, M. A. (2017).

A comparative study on the thermal conductivities and
mechanical properties of lightweight concretes. Energy

and Buildings, 151, 469-475.

[6] Huang, X., Ranade, R., Zhang, Q., Ni, W., & Li, V. C.
(2013). Mechanical and thermal properties of green
lightweight cementitious

Construction and Building Materials, 48, 954-960.

engineered composites.

[7] El Zareef, M. A., Ghalla, M., Hu, J. W., & El-Demerdash,

1444

S ool sla ohgd slojle Suw 308 g (gilwaine
Nojls olizzan dlas o) dawg s Lol sl 015 Jols ccsol
Oblf b ol Fse dl“d)‘fwlz‘:“’ 9 (o ‘L;Ql:— Lo Lglmui':)'t'
et O3 I oLl dnsg oz o ol ol claced b |l
905 JolS (5l 0 e Slyes sloofon solatl 5 (38 5, Sos S50 9

S 5o g Cou -V
e sylaly 5l (S plgisar 3 shany > (lojle S 5
S5 ago e (el esloj ) s Slas a0l 030 (59 BN (s
3929 b ol 48)S )3 0318 4265 3)50 5l jlugcdle 4 (ol
ol sl Ly S clolSis W, Wyl slacd iy
B plizen luslslisl 5 alal (8 il & ans e L
el st (plide 3 (5 £95 Cnl 3518 S
O e Slow JoSo 03lo (lgicds 63k S leslital e cpl 5
38des SB)l g plg> Gl (JdSs (ials Glsbog) seme )3 slS
ol biagh gl (Jl ool b iS00 Wl S (i (amecins s
Joyd 0dle oS A diusly Gabdy (o0b S (g)lA8 51 &S aed e
s Sy 3 g ol ol] Ll 5 o G0t g9 Sl
salie g2y JB (038lee Cllog (31 laofyn 1> ohge
Silocsag ©p9pd g (B SIS 229 Sy £9d90 (nl sl 0rd
el (o gdaw 53 (25 (5o Josll i
l23,S9y 4 sl ol (Sl dae Sliios L9y 05 g
glas 5 Sl olge 6 ool juss 5l plojen oslital Jols o8
0Pl b opslaionia Sw slagys drwgi lp (VL Cd)b (8L
el aopl ogmg b yls didlbogus Jrurocuns j (5)luk 4 pled o SS
9 e Aalgd 5 0ad dgame Kkl (clayilojl 4 39390 Clalllas
s B i Gialo
s gl dldey e «lodl (oMl Jdow ol o @
25l sl be oun]
o s b clie (o 5 (Jo ol ladjlilial (pgs @
(ol yuS B gols S 2308 5 g Gl
plg> byl polaieds (HBly (wlie )3 mio g (e Cllllae ploxil @
fdedidy (gloj ) 0,Slas
Al Olejed ilodisre p 35505 b (55 Sbsyglds ameg @



aggregate concrete using blended coarse lightweight
aggregates. Journal of building engineering, 13, 53-62.
[18] Singh, N., Raza, J., Colangelo, F., & Farina, 1. (2024).
Advancements in Lightweight Artificial Aggregates:
Typologies, Compositions, Applications, and Prospects

for the Future. Sustainability, 16(21), 9329.

[19] Nadesan, M. S., & Dinakar, P. (2017). Structural
concrete using sintered flyash lightweight aggregate: A
review. Construction and Building Materials, 154, 928-
944.

[20] Shafigh, P., Mahmud, H. B., Jumaat, M. Z. B., Ahmmad,
R., & Bahri, S. (2014). Structural lightweight aggregate
concrete using two types of waste from the palm oil

industry as aggregate. Journal of Cleaner Production, 80,
187-196.

[21] Real, S., Gomes, M. G., Rodrigues, A. M., & Bogas,
J. A. (2016). Contribution of structural lightweight
aggregate concrete to the reduction of thermal bridging

effect in buildings. Construction and Building Materials,
121, 460-470.

[22] Lee, Y. H., Chua, N., Amran, M., Yong Lee, Y.,
Hong Kueh, A. B., Fediuk, R., ... & Vasilev, Y. (2021).
Thermal performance of structural lightweight concrete

composites for potential energy saving. Crystals, 11(5),
461.

[23] Memon, S. A., Cui, H. Z., Zhang, H., & Xing, F.
(2015). Utilization of macro encapsulated phase change
materials for the development of thermal energy storage
and structural lightweight aggregate concrete. Applied
Energy, 139, 43-55.

[24] Eckert, M., & Oliveira, M. (2017). Mitigation of the
negative effects of recycled aggregate water absorption
in concrete technology. Construction and Building
Materials, 133, 416-424.

[25] Eschke, L. (2024). Towards an ever-lasting Architecture.

[26] Del Rey Castillo, E., Almesfer, N., Saggi, O., & Ingham,
J. M. (2020). Light-weight concrete with artificial
aggregate manufactured from plastic waste. Construction

and Building Materials, 265, 120199.
[27] Jafari, S., & Mabhini, S. S. (2017). Lightweight concrete

Yeoo

W. E. (2024). Damage detection of lightweight concrete
dual systems reinforced with GFRP bars considering
various building heights and earthquake intensities. Case

Studies in Construction Materials, 20, €03191.

[8]Lu, J. X. (2023). Recent advances in high strength
lightweight concrete: From development strategies
to practical applications. Construction and Building
Materials, 400, 132905.

[9] Phiri, R., Rangappa, S. M., Siengchin, S., Oladijo, O.
P., & Ozbakkaloglu, T. (2024). Advances in lightweight
composite structures and manufacturing technologies: A

comprehensive review. Heliyon. 10(21).

[10] Kurda, R., Silvestre, J. D., & de Brito, J. (2018). Toxicity
and environmental and economic performance of fly
ash and recycled concrete aggregates use in concrete: A
review. Heliyon, 4(4).

[11] Nayak, D. K., Abhilash, P. P., Singh, R., Kumar, R., &
Kumar, V. (2022). Fly ash for sustainable construction:

A review of fly ash concrete and its beneficial use case
studies. Cleaner Materials, 6, 100143.

[12] Nadh, V. S., & Muthumani, K. (2017). Critical review
on structural light weight concrete. International Journal

of Civil Engineering and Technology, 8(2), 111-127.
[13] Abed, H. S. (2019). Production of lightweight concrete

by using construction lightweight wastes. Engineering
and Technology Journal, 37(1), 12-19.

[14] Tam, C. T. (2021). The Past, Present and Future of
Concrete Construction. IEM Journal, 82(2).

[15] Badogiannis, E., Stratoura, M., Aspiotis, K., &
Chatzopoulos, A. (2021). Durability of structural
lightweight concrete containing different types of natural
or artificial lightweight aggregates. Corrosion and
Materials Degradation, 2(4), 554-567.

[16] Behera, D., Liu, K. Y., Rachman, F., & Worku, A. M.
(2025). Innovations and Applications in Lightweight
Concrete: Review of Current Practices and Future
Directions. Buildings, 15(12), 2113.

[17] Aslam, M., Shafigh, P., Nomeli, M. A., & Jumaat, M.
Z. (2017). Manufacturing of high-strength lightweight



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

in Lightweight Aggregates. Taylor & Francis.
[36] Kabay, N., Tufekci, M. M., Kizilkanat, A. B., & Oktay,

D. (2015). Properties of concrete with pumice powder and
fly ash as cement replacement materials. Construction

and Building Materials, 85, 1-8.

[37] Alqahtani, F. K., Sherif, M. A., & Ghanem, A. M.
(2023). Green lightweight concrete utilizing sustainable
processed recycled plastic aggregates: Technical,
economic and environmental assessment. Construction
and Building Materials, 393, 132027.

[38] Ustaoglu, A., Kurtoglu, K., Geneel, O., & Kocyigit, F.
(2020). Impact of a low thermal conductive lightweight
concrete in building: Energy and fuel performance
evaluation for different climate region. Journal of

Environmental Management, 268, 110732.

[39] Sah, T. P, Lacey, A. W., Hao, H., & Chen, W. (2024).
Prefabricated concrete sandwich and other lightweight
wall panels for sustainable building construction: State-
of-the-art review. Journal of Building Engineering,
109391.

[40] Hamad, A. J. (2014). Materials, production, properties
and application of aerated lightweight concrete.
International journal of materials science and engineering,
2(2), 152-157.

[41] Yakymechko, Y., Jaskulski, R., Banach, M., &
Pertowski, P. (2023). Review of selected aspects of
shaping of physical, mechanical and thermal properties
and manufacturing technology of lightweight and ultra-
lightweight autoclaved aerated concrete. Archives of
Civil Engineering, 385-402.

[42] Thakur, A., & Kumar, S. (2022). Mechanical properties
and development of light weight concrete by using
autoclaved aerated concrete (AAC) with aluminum
powder. Materials Today: Proceedings, 56, 3734-3739.

[43] Pedroso, M., De Brito, J., & Silvestre, J. D. (2017).
Characterization of eco-efficient acoustic insulation
materials (traditional and innovative). Construction and

Building Materials, 140, 221-228.
[44] Omran, M., Khalifeh, M., & Saasen, A. (2022, October).

Yool

design using gene expression programing. Construction

and Building Materials, 139, 93-100.
[28] Shirzadi, T., & Ahmadi Danesh Ashtiani, F. (2024).

Mechanical behavior of new lightweight concrete with
fiber and ingredients. Numerical Methods in Civil
Engineering, 8(3), 22-28.

[29] Mijan, R. S., Momeni, M., & Hadianfard, M. A. (2024).
Impact of fine lightweight aggregates and coal waste on
structural lightweight concrete: Experimental study and

gene expression programming. In Structures (Vol. 63, p.
106397). Elsevier.

[30] Khoshvatan, M., & Pauraminia, M. (2021). The effects
of additives to lightweight aggregate on the mechanical
properties of structural lightweight aggregate concrete.
Civil and Environmental Engineering Reports, 31(1).

[31] Azizi, M., Teymourian, T., Teymoorian, T., Gheibi, M.,
Kowsari, E., Hajiaghaei—Keshteli, M., & Ramakrishna, S.
(2023). A smart and sustainable adsorption-based system
for decontamination of amoxicillin from water resources
by the application of cellular lightweight concrete:
experimental and modeling approaches. Research on

Chemical Intermediates, 49(1), 341-370.

[32] Dadkhah, M., Rahgozar, R., Bandani, A., &
Rahgozar, P. (2024). Mechanical Properties of Self-
Compacting Lightweight Concrete Containing Pumice
and Metakaolin. Journal of Rehabilitation in Civil
Engineering, 12(3), 97-116.

[33] Pour, H. B. R., & Saffari, H. (2024). Relationships for
Evaluating the Seismic Resilience Index of Reinforced
Concrete Buildings Built Up with FRP Lying on
Different Soil Types under Near-Field Earthquakes.
Iranian Journal of Science and Technology, Transactions
of Civil Engineering, 48(6), 4215-4231.

[34] Shafabakhsh, G., Jafari Ani, O., & Mirabdolazimi,
S. M. (2021). Rehabilitation of asphalt pavement
to improvement the mechanical and environmental
properties of asphalt concrete by using of nano particles.

Journal of Rehabilitation in Civil Engineering, 9(2), 1-20.
[35] Matgorzata, F. (2023). Application of Waste Materials



Resilience of Reinforced Concrete through Pozzolanic
Materials. European Online Journal of Natural and Social
Sciences: Proceedings, 13(4 (s)), pp-14.

[53]

Investigating concrete durability: The impact of natural

Hosseinzadehfard, E., & Mobaraki, B. (2024).
pozzolan as a partial substitute for microsilica in concrete

mixtures. Construction and Building Materials, 419,
135491.

[54] Gholhaki, M., & Golpayegani, S. (2025). A Study on
the Seismic Behavioral Parameters of the Composite
Steel Plate Shear Wall (CSPSW) in The Building Frame
System Using Incremental Dynamic Analysis (IDA).

Amirkabir Journal of Civil Engineering.

[55] Mustafa Mohamed, A., Tayeh, B. A., Ahmed, T. I,
Bashir, M. O., & Tobbala, D. E. (2025). Influence of
nano-silica and nano-ferrite particles on mechanical
and durability of sustainable concrete: A review.

Nanotechnology sReviews, 14(1), 20250151.
[56] Sadati, S. E., Rahbar, N., & Kargarsharifabad, H.

(2023). Energy assessment, economic analysis, and
environmental study of an Iranian building: The effect
of wall materials and climatic conditions. Sustainable

Energy Technologies and Assessments, 56, 103093.
[57] Rezaifar, O., Ghanepour, M., & Amini, M. M. (2024).

A novel magnetic approach to improve compressive
strength and magnetization of concrete containing nano

silica and steel fibers. Journal of Building Engineering,
91, 109342.

[58] Jakhar, S. K., Kumar, R., Nagappan, B., & Singh,
A. (2023).

concrete:

Nanotechnology and high-performance
Evaluating mechanical transformations.

Multidisciplinary Reviews, 6.

[59] Alghrairi, N., N. Aznieta, F., M. Ibrahim, A., Wan
Hu, J., Mohammed Najm, H., & Anas, S. M. (2025).
Improvement of Concrete Characterization Using

Nanomaterials: State-of-the-Art. Journal of Engineering,
2025(1), 8027667.

[60] Goel, G., Sachdeva, P., Chaudhary, A. K., & Singh, Y.
(2022). The use of nanomaterials in concrete: A review.

Materials Today: Proceedings, 69, 365-371.

YooY

Influence of Activators and Admixtures on Rheology of
Geopolymer Slurries for Well Cementing Applications. In
SPE Asia Pacific Oil and Gas Conference and Exhibition
(p- DO31S012R003). SPE.

[45] Lei, M., Liu, Z.,, & Wang, F. (2024). Review of
lightweight cellular concrete: Towards low-carbon, high-
performance and sustainable development. Construction

and Building Materials, 429, 136324.

[46] Lermen, R. T., Favaretto, P., Silva, R. D. A., Hidalgo,
G. E. N,, Tubino, R. M., & Tiecher, F. (2019). Effect
of additives, cement type, and foam amount on the
properties of foamed concrete developed with civil

construction waste. Applied Sciences, 9(15), 2998.

[47] Chica, L., & Alzate, A. (2019). Cellular concrete review:
New trends for application in construction. Construction
and building materials, 200, 637-647.

[48] Tran, N. P., Nguyen, T. N., Ngo, T. D, Le, P. K, &
Le, T. A. (2022). Strategic progress in foam stabilisation
towards high-performance foam concrete for building
sustainability: A state-of-the-art review. Journal of
Cleaner Production, 375, 133939.

[49] Yang, S., Wang, X., Hu, Z., Li, J., Yao, X., Zhang, C.,
... & Wang, W. (2023). Recent advances in sustainable
lightweight foamed concrete incorporating recycled
waste and byproducts: A review. Construction and

Building Materials, 403, 133083.
[50] VS, S., & Xavier, J. R. (2024). Effects of nanomaterials

on mechanical properties in cementitious construction
materials for high-strength concrete applications: a

review. Journal of Adhesion Science and Technology,
38(20), 3737-3768.

[51] Esmaeili, K. (2023). An Introduction to Lightweight
Flexible Nonlinear Composite (LFNLC) and Elastic
Composite, Reinforced Lightweight Concrete (ECRLC)
as the Cementitious LFNLC: Lightweight Flexible
Nonlinear Composite. International Journal of Innovation
in Engineering, 3(3), 28-47.

[52] Sadigh Sarabi, M., Arash Sohrabi, S., & Dehghan, S.
(2024). Improving Tensile Strength and Strength and



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

[71] Sasi, D., Harikumar, S., Prasad, A., Beena, V., Gleeja,
V. L., & Nameer, P. O. (2021). STRUCTURAL AND
MICROCLIMATIC CHARACTERISTICS OF DAIRY
CATTLE SHELTERS IN KERALA. Journal of Indian
Veterinary Association, 19(1).

[72] Aliu, A. (2024). Experimental study of mixing
parameters on graphene-oxide reinforced concrete
compressive strength and its applicability to sub-Saharan
Africa (Doctoral dissertation, Anglia Ruskin Research

Online (ARRO)).
[73] Sabet, M. (2024). Advanced developments in carbon

nanotube polymer composites for structural applications.

Iranian Polymer Journal, 1-30.

[74] Khodadadi, N., Roghani, H., Harati, E., Mirdarsoltany,
M., De Caso, F., & Nanni, A. (2024). Fiber-reinforced
polymer (FRP) in concrete: A comprehensive survey.
Construction and Building Materials, 432, 136634.

[75] Hasani, M., Nejad, F. M., Sobhani, J., & Chini, M.
(2021). Mechanical and durability properties of fiber
reinforced concrete overlay: Experimental results
and numerical simulation. Construction and Building

Materials, 268, 121083.
[76] Ghanbari, M., Kohnehpooshi, O., & Tohidi, M. (2020).

Experimental study of the combined use of fiber and
nano silica particles on the properties of lightweight self

compacting concrete. Int. J. Eng, 33(8), 1499-1511.

[77] Fallah, S., & Nematzadeh, M. (2017). Mechanical
properties and durability of high-strength concrete
containing macro-polymeric and polypropylene fibers
with nano-silica and silica fume. Construction and

building materials, 132, 170-187.

[78] Halvaeyfar, M. R., Gorji Azandariani, M., Zeighami,
E., & Mirhosseini, S. M. (2024). Retrofitting fiber-
reinforced concrete beams with nano-graphene oxide and
CFRP sheet: an experimental study. Archives of Civil
and Mechanical Engineering, 25(1), 32.

[79] Shojaei, B., Najafi, M., Yazdanbakhsh, A., Abtahi,
M., & Zhang, C. (2021). A review on the applications

of polyurea in the construction industry. Polymers for

Yoox

[61] Hussein, T., Kurda, R., Mosaberpanah, M., & Alyousef,
R. (2022). A review of the combined effect of fibers and
nano materials on the technical performance of mortar

and concrete. Sustainability, 14(6), 3464.

[62] Ojaghi, K., Kalateh, F., & Lotfollahi Yaghin, M. A.
(2025). Review on the Impact of Nanoparticle Additives
on Fiber Adhesion in Ultra-High Performance Concrete
for Corrosive Traffic Environments. International Journal

of Transportation Engineering, 12(4), 1947-1972.

[63] Waheeb, R., & Lymperis, 1. (2023). Keys to successful
design of earthquake-resistant buildings. Available at
SSRN.

[64] Simdes, S. (2024). High-performance advanced
composites in multifunctional material design: state

of the art, challenges, and future directions. Materials,
17(23), 5997.

[65] Bautista-Gutierrez, K. P., Herrera-May, A. L.,
Santamaria-Lopez, J. M., Honorato-Moreno, A., &
Zamora-Castro, S. A. (2019). Recent progress in
nanomaterials for modern concrete infrastructure:

Advantages and challenges. Materials, 12(21), 3548.
[66] Silvestre, J., Silvestre, N., & De Brito, J. (2016).

Review on concrete nanotechnology. European Journal

of Environmental and Civil Engineering, 20(4), 455-485.
[67] Paul, S. C., van Zijl, G. P,, & Savija, B. (2020). Effect

of fibers on durability of concrete: A practical review.

Materials, 13(20), 4562.
[68] Saleem, H., Zaidi, S. J., & Alnuaimi, N. A. (2021).

Recent advancements in the nanomaterial application

in concrete and its ecological impact. Materials, 14(21),
6387.

[69] Hassanpour, M., Shafigh, P., & Mahmud, H. B. (2012).
Lightweight aggregate concrete fiber reinforcement—A

review. Construction and Building Materials, 37, 452-
461.

[70] Bhandari, I., Kumar, R., Sofi, A., & Nighot, N. S.
(2023). A systematic study on sustainable low carbon
cement—Superplasticizer interaction: Fresh, mechanical,

microstructural and durability characteristics. Heliyon,
9(9).



119, 370-384.

[88] Badraddin, A. K., Rahman, R. A., Almutairi, S., & Esa,
M. (2021). Main challenges to concrete recycling in
practice. Sustainability, 13(19), 11077.

[89] De Brito, J., Ferreira, J., Pacheco, J., Soares, D., &
Guerreiro, M. (2016). Structural, material, mechanical
and durability properties and behaviour of recycled
aggregates concrete. Journal of Building Engineering, 6,
1-16.

[90] Zeyad, A. M. (2023). Sustainable concrete Production:
Incorporating recycled wastewater as a green building

material. Construction and Building Materials, 407,
133522.

[91] Sandanayake, M., Bouras, Y., Haigh, R., & Vrcelj,
Z. (2020). Current sustainable trends of using waste

materials in concrete—a decade review. Sustainability,
12(22), 9622.

[92] Mehta, P. K. (2002). Greening of the concrete industry
for sustainable development. Concrete international,
24(7), 23-28.

[93] Kwek, S. Y., & Awang, H. (2021). Utilization of
industrial waste materials for the production of

lightweight aggregates: a review. Journal of Sustainable

Cement-Based Materials, 10(6), 353-381.
[94] Gu, L., & Ozbakkaloglu, T. (2016). Use of recycled

plastics in concrete: A critical review. Waste Management,
51, 19-42.

[95] Pellegrino, C., Faleschini, F., & Meyer, C. (2019).
Recycled materials in concrete. Developments in the

Formulation and Reinforcement of Concrete, 19-54.

[96]Nassiri, S., Roy, S., Haider, M. M., Butt, A. A., Pandit,
G. A., & Harvey, J. T. (2025). Literature Review and
Industry Survey of Recycled Fibers from Novel and

Existing Source Materials for Concrete Use.

[97] Gursel, A. P, Maryman, H., & Ostertag, C. (2016). A
life-cycle approach to environmental, mechanical, and
durability properties of “green” concrete mixes with rice

husk ash. Journal of Cleaner Production, 112, 823-836.

[98] Hasan, N. M. S., Shaurdho, N. M. N., Sobuz, M. H.
R., Meraz, M. M., Islam, M. S., & Miah, M. J. (2023).

Yool

advanced technologies, 32(8), 2797-2812.

[80] Mottaki, Z., Hosseini Sabzevari, S. A., & Aslani, F.
(2024). Designing post-earthquake temporary shelter
in hot and arid climate (Case study: Isfahan city, Iran).
Architectural Engineering and Design Management,
20(6), 1777-1794.

[81] Nasabolhosseini, S. A., Honarbakhsh, A., Zhiani, R.,
Movahedifar, S. M., & Nobahari, M. (2025). CNT/DFNS
nanoparticles as a valuable admixture for ultrahigh-

performance concrete. Results in Engineering, 104084.

[82] Mirdarsoltany, M., Abed, F., Homayoonmehr, R., &
Alavi Nezhad Khalil Abad, S. V. (2022). A comprehensive
review of the effects of different simulated environmental
conditions and hybridization processes on the mechanical
behavior of different FRP bars. Sustainability, 14(14),
8834.

[83] Siddiqui, A. R., Khan, R., & Akhtar, M. N. (2025).
Sustainable concrete solutions for green infrastructure

A Journal of Sustainable

development: review.

Construction Materials and Technologies, 10(1), 108-
141.

[84] Khan, A. H., Akhtar, M. N., & Bani-Hani, K. A. (Eds.).
(2024). Recent Developments and Innovations in the

Sustainable Production of Concrete.

[85] Moodi, F., Hanafi, M. R., & Shariatinia, Z. (2025).

Toward high sustainability using fully recycled
geopolymer concrete: mechanical, rheological, and

microstructural properties. RSC Advances, 15(28),

22953-22971.
[86] Naik, T. R., & Moriconi, G. (2005, October).

Environmental-friendly durable concrete made with
recycled materials for sustainable concrete construction.
In International Symposium on Sustainable Development
of Cement, Concrete and Concrete Structures, Toronto,

Ontario, October (Vol. 5, No. 7).

[87] Napolano, L., Menna, C., Graziano, S. F., Asprone,
D., D’Amore, M., de Gennaro, R., & Dondi, M. (2016).
Environmental life cycle assessment of lightweight
concrete to support recycled materials selection for

sustainable design. Construction and Building Materials,



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

Nanomaterials in recycled aggregates concrete
applications: Mechanical properties and durability. A
review. Cogent Engineering, 9(1), 2122885.

[107] Almusaed, A., Yitmen, 1., Myhren, J. A., & Almssad,
A. (2024). Assessing the impact of recycled building
materials on environmental sustainability and energy
efficiency: a comprehensive framework for reducing

greenhouse gas emissions. Buildings, 14(6), 1566.

[108] Kromoser, B., Preinstorfer, P., & Kollegger, J. (2019).
Building lightweight structures with carbon-fiber-
reinforced polymer--reinforced ultra-high-performance
concrete: Research approach, construction materials,
and conceptual design of three building components.

Structural Concrete, 20(2), 730-744.

[109] Qasem, F., Sharaan, M., Fujii, M., & Nasr, M.
(2024). Recycling of Egyptian Shammi Corn Stalks for
Maintaining Sustainable Cement Industry: Scoring on

Sustainable Development Goals. Recycling, 9(3), 34.

[110] Akbulut, Z. F., Yavuz, D., Tawfik, T. A., Smarzewski,
P., & Guler, S. (2024). Enhancing concrete performance
through sustainable utilization of class-C and class-F

fly ash: a comprehensive review. Sustainability, 16(12),
4905.

[111] Nilimaa, J. (2023). Smart materials and technologies
for sustainable concrete construction. Developments in

the Built Environment, 15, 100177.
[112] Senapati, M. R. (2011). Fly ash from thermal power

plants—waste management and overview. Current
science, 1791-1794.

[113] Suraneni, P., Burris, L., Shearer, C. R., & Hooton, R. D.
(2021). ASTM Co618 fly ash specification: Comparison
with other specifications, shortcomings, and solutions.
ACI Mater. J, 118(1), 157-167.

[114] Liu, X., Ni, C., Meng, K., Zhang, L., Liu, D., & Sun, L.
(2020). Strengthening mechanism of lightweight cellular
concrete filled with fly ash. Construction and Building
Materials, 251, 118954,

[115]Hoyos-Montilla, A. A., Tobon, J. 1., & Puertas, F. (2023).

Role of calcium hydroxide in the alkaline activation of

Yeeo

Utilization of waste glass cullet as partial substitutions
of coarse aggregate to produce eco-friendly concrete:

role of metakaolin as cement replacement. Sustainability,
15(14), 11254.

[99] Amiri, M., Hatami, F., & Golafshani, E. M. (2021).
Evaluating the synergic effect of waste rubber powder
and recycled concrete aggregate on mechanical properties
and durability of concrete. Case Studies in Construction

Materials, 15, ¢00639.

[100] Rahat Dahmardeh, S., Sargazi Moghaddam, M. S., &
Mirabi Moghaddam, M. H. (2021). Effects of waste glass
and rubber on the SCC: rheological, mechanical, and
durability properties. European Journal of Environmental

and Civil Engineering, 25(2), 302-321.
[101] Moghadam, A. S., Roshan, A. M. G., & Omidinasab, F.

(2023). Utilization of agricultural wastes as fiber, binder
and aggregates of geopolymer mortars: Application of
Taguchi method for strength and durability optimization.
Journal of Building Engineering, 75, 106906.

[102] Ghafari, F., Bozorgi, M. H., & Salari, M. (2022).
Applications of nanotechnology in construction: A Short
Review. Advances in Applied NanoBio-Technologies,
3(1), 82-86.

[103] Azandariani, M. G., Vajdian, M., Javadi, M., & Parvari,
A. (2024). Durability and compressive strength of
composite polyolefin fiber-reinforced recycled aggregate
concrete: An experimental study. Composites Part C:

Open Access, 15, 100533.
[104] Narimanifar, K., & Mousavi Ghasemi, S. A. (2024).

Evaluating and Comparing the Bending Performance
of RC Beams Fabricated with Lightweight Aggregate
Concrete and Normal Concrete of Equivalent Strength.
Buildings, 15(1), 45.

[105] Mohamed, A. M., Tayeh, B. A., Majeed, S. S., Aisheh,
Y. I. A., & Salih, M. N. A. (2024). Ultra-light foamed
concrete mechanical properties and thermal insulation
perspective: A comprehensive review. Journal of CO2

Utilization, 83, 102827.

[106] Allujami, H. M., Abdulkareem, M., Jassam, T. M.,
Al-Mansob, R. A., Ng, J. L., & Ibrahim, A. (2022).



& Islam, M. N. (2011). Strength development of mortar
and concrete containing fly ash: A review. International

Journal of the Physical Sciences, 6(17), 4137-4153.

[124] Sathsarani, H. B. S., Sampath, K. H. S. M., &
Ranathunga, A. S. (2023). Utilization of fly ash-based
geopolymer for well cement during CO2 sequestration: A
comprehensive review and a meta-analysis. Gas Science
and Engineering, 113, 204974.

[125] Zeng, Q., Li, K., Fen-chong, T., & Dangla, P. (2012).
Determination of cement hydration and pozzolanic
reaction extents for fly-ash cement pastes. Construction

and Building Materials, 27(1), 560-569.
[126] Imbabi, M. S., Carrigan, C., & McKenna, S. (2012).

Trends and developments in green cement and concrete
technology. International Journal of Sustainable Built

Environment, 1(2), 194-216.

[127] Tangirala, A., Rawat, S., & Lahoti, M. (2023). High
volume fly ash and basalt-polypropylene fibres as
performance enhancers of novel fire-resistant fibre
reinforced cementitious composites. Journal of Building

Engineering, 78, 107586.

[128] Shukla, S. K., & Kaul, S. (2024). 1 Advanced Building.
Thermal Evaluation of Indoor Climate and Energy
Storage in Buildings, 1.

[129] Zhao, N., Wang, S., Wang, C., Quan, X., Yan, Q.,
& Li, B. (2020). Study on the durability of engineered
cementitious composites (ECCs) containing high-

volume fly ash and bentonite against the combined attack

of sulfate and freezing-thawing (FT). Construction and

Building Materials, 233, 117313.

[130] Shao, R., Wu, C., & Li, J. (2022). A comprehensive
review on dry concrete: application, raw material,
mechanical, smart

preparation, and  durability

performance. Journal of Building Engineering, 55,
104676.

[131] Saradar, A., Nemati, P., Paskiabi, A. S., Moein,
M. M., Moez, H., & Vishki, E. H. (2020). Prediction
of mechanical properties of lightweight basalt fiber

reinforced concrete containing silica fume and fly ash:

Yool

coal fly ash. Cement and Concrete Composites, 137,
104925.

[116] Wang, Q., Wang, D., & Chen, H. (2017). The role of fly
ash microsphere in the microstructure and macroscopic
properties of high-strength concrete. Cement and

Concrete Composites, 83, 125-137.

[117] Dong, D., Huang, Y., Pei, Y., Zhang, X., Cui, N., Zhao,
P, ... & Lu, L. (2023). Effect of spherical silica fume
and fly ash on the rheological property, fluidity, setting
time, compressive strength, water resistance and drying
shrinkage of magnesium ammonium phosphate cement.

Journal of Building Engineering, 63, 105484.
[118] Woo, H. M., Kim, C. Y., & Yeon, J. H. (2018). Heat

of hydration and mechanical properties of mass concrete
with high-volume GGBFS replacements. Journal of
Thermal Analysis and Calorimetry, 132, 599-609.

[119] Zheng, S., Lin, L., Mao, W., Wang, Y., Liu, J., &
Yuan, Y. (2025). A Hybrid RBF-PSO Framework for
Real-Time Temperature Field Prediction and Hydration
Heat Parameter Inversion in Mass Concrete Structures.

Buildings, 15(13), 2236.

[120] Mojapelo, K. S., Kupolati, W. K., Burger, E. A,,
Ndambuki, J. M., Snyman, J., Achi, C. G., & Quadri,
A. 1. (2025). Durability and Environmental Impact of
Wastewater Sludge Ash as a Cement Replacement in
Concrete: Challenges and Future Directions. Materials

Circular Economy, 7(1), 1-19.
[121] Kravanja, G., Mumtaz, A. R., & Kravanja, S. (2024). A

comprehensive review of the advances, manufacturing,

properties, innovations, environmental impact and

applications Concrete

(UHPC). Buildings, 14(2), 382.

of Ultra-High-Performance

[122] Abdulkareem, O. A., Al Bakri, A. M., Kamarudin, H.,
Nizar, 1. K., & Saif, A. E. A. (2014). Effects of elevated
temperatures on the thermal behavior and mechanical
performance of fly ash geopolymer paste, mortar
and lightweight concrete. Construction and building

materials, 50, 377-387.

[123] Karim, M. R., Zain, M. F. M., Jamil, M., Lai, F. C.,



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

calcium aluminate cement concrete. In Structures (Vol.

36, pp. 140-152). Elsevier.

[140] Javan, H., Honarbakhsh, A., Movahedifar, S. M.,
Nobahari, M., & Zhiani, R. (2025). The use of dendritic
fibrous nano-titanium to enhance the initial characteristics

and durability of lightweight concrete. Scientific Reports,
15(1), 11811.

[141] Ali, M., Buller, A. S., Ali, T., Shabbir, S., Ahmed, A., &
Rehman, J. U. (2025). Effect of Fly Ash and Indus River
Sand on Mechanical, Durability and Environmental
Performance of Autoclaved Aerated Concrete (AAC).
Tehnicki vjesnik, 32(3), 860-867.

[142] Bayat, M. (2025). Nanomaterials in Geotechnical
Engineering: A Comprehensive Review on Soil
Improvement

Techniques. Civil Engineering

Infrastructures Journal.

[143] Alghrairi, N. S., Aziz, F. N., AlGhazali, N. A., Rashid,
S.A.,Mohmed, M. Z., & Ibrahim, A. M. (2025). Physical,
Mechanical, Durability and Microstructure properties
of lightweight concrete containing nanomaterials: A
comprehensive review. Journal of Rehabilitation in Civil
Engineering, 13(2), 94-127.

[144] Dhairiyasamy, R., Gabiriel, D., Varshney, D., & Singh,
S. (2025). Optimizing nanomaterial dosages in concrete
for structural applications using experimental design
techniques. Scientific Reports, 15(1), 22375.

[145] Mostofinejad, D., Abdoli, M., Saljoughian, A.,
Karimi, A., & Eftekhar, M. (2025). Innovative energy-
efficient lightweight concrete with improved thermal and
mechanical properties using PCM-impregnated LECA

aggregates. Construction and Building Materials, 482,
141588.

[146] Choi, S. J., Mun, J. S., Yang, K. H., & Kim, S. J.
(2016). Compressive fatigue performance of fiber-
reinforced lightweight concrete with high-volume
supplementary cementitious materials. Cement and

Concrete Composites, 73, 89-97.

[147] Zamora-Castro, S. A., Salgado-Estrada, R., Sandoval-
Herazo, L. C., Melendez-Armenta, R. A., Manzano-

Huerta, E., Yelmi-Carrillo, E., & Herrera-May, A. L.

YooV

Experimental and numerical assessment. Journal of

Building Engineering, 32, 101732.
[132] Samson, G., Phelipot-Mardelé, A., & Lanos, C. (2017).

A review of thermomechanical properties of lightweight

concrete. Magazine of Concrete Research, 69(4), 201-
216.

[133] Zeighami, E., Ghiasvand, E., & Mirhosseini, S.
M. (2024). Investigating the Relationship Between
Compressive Strength and Electrical Resistivity of
Concretes Containing Micro Silica and Fly Ash at Early
Ages. International Journal of Multiphysics, 18(4).

[134] Bazregar, N., Garkani-Nejad, Z., Maghsoudi, S., &
Amiri, M. (2024). Investigating the performance of
silica fume as a supplementary cementitious material
in the production of pozzolanic cement with the aim of
achieving the maximum compressive strength. Asian

Journal of Civil Engineering, 25(4), 3747-3761.

[135] Mansoori, B., Yousefinezhad, H., Avaznejad, F., &
Bazaee, A. (2024). Investigating the Freezing Strength
and Durability of Lightweight Concrete With Different
Weight Ratios of Nano Montmorillonite and Microsilica.
Amirkabir Journal of Civil Engineering, 55(11), 2263-
2284.

[136] Nia, S. B., & Shafei, B. (2024). Synergistic effects of
nano and micro silica on fresh and hardened properties of
self-consolidating concrete. Case Studies in Construction

Materials, 21, e03443.
[137] Dabbaghi, F., Nasrollahpour, S., Dehestani, M., &

Yousefpour, H. (2022). Optimization of concrete mixtures
containing lightweight expanded clay aggregates
based on mechanical, economical, fire-resistance, and
environmental considerations. Journal of Materials in
Civil Engineering, 34(2), 04021445.

[138] Hashemmoniri, S., & Fatemi, A. (2023). Optimization
of lightweight foamed concrete using fly ash based
on mechanical properties. Innovative Infrastructure
Solutions, 8(1), 59.

[139] Abolhasani, A., Samali, B., Dehestani, M., & Libre,
N. A. (2022). Effect of rice husk ash on mechanical

properties, fracture energy, brittleness and aging of



[156] Maiti, S., Islam, M. R., Uddin, M. A., Afroj, S.,
Eichhorn, S. J., & Karim, N. (2022). Sustainable fiber-
reinforced composites: a review. Advanced Sustainable

Systems, 6(11), 2200258.

[157] Feizbahr, M., & Pourzanjani, P. (2024). The Impact
of Advanced Concrete Technologies on Modern
Construction and Aesthetics. Journal of Review in

Science and Engineering, 2024, 1-9.

[158] Abdal, S., Mansour, W., Agwa, 1., Nasr, M., Abadel,
A., Onuralp Ozkilig, Y., & Akeed, M. H. (2023).
Application of ultra-high-performance concrete in bridge
engineering: Current status, limitations, challenges, and

future prospects. Buildings, 13(1), 185.

[159] Masoule, M. S. T., Bahrami, N., Karimzadeh, M.,
Mohasanati, B., Shoaei, P., Ameri, F., & Ozbakkaloglu,
T. (2022). Lightweight geopolymer concrete: A critical
review on the feasibility, mixture design, durability
properties, and microstructure. Ceramics International,
48(8), 10347-10371.

[160] Lotfy, A., Hossain, K. M., & Lachemi, M. (2016).
Durability properties of lightweight self-consolidating
concrete developed with three types of aggregates.

Construction and Building Materials, 106, 43-54.

[161] Shcherban’, E. M., SteI’makh, S. A., Beskopylny,
A., Mailyan, L. R., Meskhi, B., & Varavka, V. (2021).
Nanomodification of lightweight fiber reinforced

concrete with micro silica and its influence on the

constructive quality coefficient. Materials, 14(23), 7347.

[162] Umar, U. M., & Muthusamy, K. (2023). Potential of
Waste Material as Coarse Aggregates for Lightweight
A Sustainable

Concrete  Production:

Construction, 3(1), 87-114.

Approach.

[163] Stempkowska, A., & Gawenda, T. (2024). Artificial
lightweight aggregate made from alternative and waste
raw materials, hardened using the hybrid method.

Scientific Reports, 14(1), 16880.

[164] Onyelowe, K. C., Kamchoom, V., Ebid, A. M.,
Hanandeh, S., Zurita Polo, S. M., Zabala Vizuete, R. F.,
... & Avudaiappan, S. (2025). Evaluating the impact of

Yool

(2021). Sustainable development of concrete through
aggregates and innovative materials: A review. Applied
sciences, 11(2), 629.

[148] Shafei, B., Kazemian, M., Dopko, M., & Najimi, M.
(2021). State-of-the-Art Review of Capabilities and
Limitations of Polymer and Glass Fibers Used for Fiber-

Reinforced Concrete. Materials 2021, 14, 409.
[149] Loh, K. J., S., (2022).

Multifunctional materials and nanocomposite sensors for

Gupta, & Ryu, D.
civil infrastructure monitoring. In Sensor Technologies
for Civil Infrastructures (pp. 497-553). Woodhead

Publishing.
[150] Ming, X., & Cao, M. (2020). Development of

eco-efficient cementitious composites with high fire
resistance and self-healing abilities-a review. Resources,

Conservation and Recycling, 162, 105017.
[151] Newman, J., & Owens, P. (2003). Properties of

lightweight concrete. Advanced concrete technology, 3,
1-29.

[152] Cruz, G., Dizon, J. R. C., Farzadnia, N., Zhou, H.,
Margarito, M., Garcia, J. A., ... & Advincula, R. C.
(2023). Performance, applications, and sustainability
of 3D-printed cement and other geomaterials. MRS

Communications, 13(3), 385-399.

[153] Ghosh, A., Edwards, D. J., Hosseini, M. R., Al-
Ameri, R., Abawajy, J., & Thwala, W. D. (2021). Real-
time structural health monitoring for concrete beams:
A cost-effective ‘Industry 4.0’solution using piezo
sensors. International Journal of Building Pathology and

Adaptation, 39(2), 283-311.

[154] Rakam, A., Sahu, S. S., & Pillalamarri, B. (2024).
State-of-the-art review on advancement in foam concrete
admixtures.

production technology using mineral

Innovative Infrastructure Solutions, 9(11), 439.

[155] Ghoddousi, P., Zareechian, M., Javid, A. A. S., &
Korayem, A. H. (2020). Microstructural study and
surface properties of concrete pavements containing

nanoparticles. Construction and Building Materials, 262,
120103.



Yeye BYAAY dxio NF-¥F Jl.w AR Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

[173] Haller, T., Beuntner, N., & Thienel, K. C. (2024).
Optimized building envelope: Lightweight concrete with
integrated steel framework. Materials, 17(6), 1278.

[174] Ahmed, M. M., Sadoon, A., Bassuoni, M. T., & Ghazy,
A. (2024). Utilizing Agricultural Residues from Hot and
Cold Climates as Sustainable SCMs for Low-Carbon
Concrete. Sustainability, 16(23), 10715.

[175] Liao, Q., Zhao, X. D., Wu, W. W,, Lu, J. X,, Yu, K.
Q., & Poon, C. S. (2024). A review on the mechanical
performance and durability of fiber reinforced lightweight
cement composites: The roles of fiber and lightweight

aggregate. Journal of Building Engineering, 109121.

[176] Ortiz, J. D., Khedmatgozar Dolati, S. S., Malla, P.,
Nanni, A., & Mehrabi, A. (2023). FRP-reinforced/
strengthened concrete: State-of-the-art review on

durability and mechanical effects. Materials, 16(5), 1990.
[177] Ghaboussi, D. (2025). Performance Analysis of Self-

Compacting Concrete in Earthquake-Resistant Buildings.
Jurnal Mekintek: Jurnal Mekanikal, Energi, Industri, Dan
Teknologi, 16(1), 19-28.

[178] Beytekin, H. E., Biricik Altun, O., Mardani, A., &
Senkal Sezer, F. (2024). Innovative lightweight concrete:
effect of fiber, bacteria and nanomaterials. Iranian

Polymer Journal, 33(9), 1327-1350.

[179] Salami, B. A., Bahraq, A. A., ul Haq, M. M., Ojelade,
0. A., Taiwo, R., Wahab, S., ... & Ibrahim, M. (2024).
Polymer-enhanced concrete: A comprehensive review of
innovations and pathways for resilient and sustainable

materials. Next Materials, 4, 100225.

[180] Gautam, L., Purbe, M. K., Sharma, K. V., Kumar, C.,
& Kalita, P. P. (2025). Environmental impact mitigation
and durability enhancement of concrete through fly ash
substitution: a comprehensive review. Journal of Building
Pathology and Rehabilitation, 10(2), 99.

[181] Benli, A., Oz, A., Kilig, D., Tortum, A., Yildiz, 1., &
Kaplan, G. (2025). Sustainable fly ash-based geopolymer
composites: The influence of RAP aggregates and
silica fume on strength, durability, and microstructural

properties. Structural Concrete.

Yeoq

waste marble on the compressive strength of traditional

concrete using machine learning. Scientific Reports,
15(1), 13417.

[165] Wattanapanich, C., Imjai, T., Sridhar, R., Garcia, R.,
& Thomas, B. S. (2024). Optimizing recycled aggregate
concrete for severe conditions through machine learning

techniques: a review. Engineered Science, 31.

[166] Meena, V. W. (2020). Quality Management Model for
Curbing Failure of Reinforced Concrete Buildings in
Dar es Salaam, Tanzania (Doctoral dissertation, JKUAT-
COETEC).

[167] Haddadian, A., Alengaram, U. J., Ayough, P., Mo, K.
H., & Alnahhal, A. M. (2023). Inherent characteristics
of agro and industrial By-Products based lightweight
concrete—A comprehensive review. Construction and

Building Materials, 397, 132298.

[168] Bonde, A., Agrawal, P. S., Chaware, M., Dode, S.,
Gupta, S., & Ahmad, F. (2024). Evolution of green
concrete in the building industry: A sustainable approach
for nanomaterials: development and application. In
Nanofluids Technology for Thermal Sciences and

Engineering (pp. 292-328). CRC Press.
[169] Elshahawi, M., Hiickler, A., & Schlaich, M. (2021).

Infra lightweight concrete: A decade of investigation (a

review). Structural Concrete, 22, E152-E168.

[170] DeVita, H. A. (2024). Evaluating the Performance and
Feasibility of Foamed Glass Aggregate in Lightweight
Concrete Mix Designs (Master's thesis, Villanova

University).
[171] Murali, G., Wong, L. S., & Abid, S. R. (2024). A

comprehensive review of drop weight impact testing:
evaluating the Pros and Cons in fiber-reinforced
concrete performance assessment. Journal of Building
Engineering, 109934.

[172] Jiang, L., Wu, M., Du, F., Chen, D., Xiao, L., Chen,
W, .. & Ding, Q. (2024). State-of-the-art review
of microcapsule self-repairing concrete: Principles,

applications, test methods, prospects. Polymers, 16(22),
3165.



Yole BARAY oo OF-F Jlo ) oyl @Y e el 3l pee owiie 4 i

Using Bacillus licheniformis with Micro Silica and Fly
Ash Aggregates. J. Environ. Nanotechnol, 14(1), 334-
346.

[185] Ilkentapar, S., Orklemez, E., Durak, U., Giilgimen, S.,
Bayram, S., Uzal, N, ... & Atis, C. D. (2025). Evaluation
of diatomite substitute with thermal power plant waste
fly ash in sustainable geopolymer through life cycle
assessment. Journal of Material Cycles and Waste

Management, 1-18.

[182] Zierold, K. M., & Odoh, C. (2020). A review on fly
ash from coal-fired power plants: chemical composition,
regulations, and health evidence. Reviews on
environmental health, 35(4), 401-418.

[183] Alterary, S. S., & Marei, N. H. (2021). Fly ash
properties, characterization, and applications: A review.
Journal of King Saud University-Science, 33(6), 101536.

[184] Porselvan, R., Lakshmi, T. S., & Tholkapiyan, M.
(2025). Optimization of Bacterial Self-healing Concrete

DOI: 10.22060/cee].2026.24576.8326

S. Vahdani, Sh. Pour Akbar, A. Hatami Rad, J. Najafizadeh, Advancements, Challenges, and
Future Prospects of Structural Lightweight Concrete: Emphasizing the Role of Fly Ash in Sus-
tainable Construction, Amirkabir J. Civil Eng., 57(11) (2026) 1981-2010.

o3 gl )l o opl 4 digSe



https://dx.doi.org/10.22060/ceej.2026.24576.8326

