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A study of compressive and chloride resistance of alkali-activated mortar made from

fly ash and waste glass powder
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Abstract

This article presents an experiential study of the properties
of alkali-activated mortar using a binder made from fly ash and
waste glass powder. The ratio of fly ash and waste glass powder
were 90:10, 80:20, and 70:30, and sodium hydroxide solutions
(NaOH) with a concentration of 10M and sodium silicate
(Na,SiO3) solutions at ratio of 1:1 was used as an alkali activator.
The study examined the fresh mortar properties, including
flowability. The compressive strength of mortar was tested at 7,
28, and 90 days. The corrosion resistance of the reinforcing steel
was tested by impressive voltage at 28 days. The results showed
that using a higher proportion of waste glass powder to replace
fly ash increased the flowability of the mortar. For the
compressive strength of mortar, it was found that higher

amounts of waste glass powder reduced compressive strength.

However, the use of 90% of fly ash combined with 10% of waste
glass powder could enhance the compressive strength up to
539.1 kg/cm? at 90 days. Moreover, all alkali-activated fly ash
and waste glass powder mortar showed higher corrosion

resistance than Portland cement mortar.
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Jmdinae fannuasdiwizuazmiuazdeavesuauYingy 2.67
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Composition (%) Cement Fly ash Waste glass powder [9]

SiO2 16.1 24.2 70-75

Al.O3 3.8 14.1 25

Fe203 3.6 18.3 0.5

Cao 69.0 29.6 7-12

MgO 0.9 24 5

K20 0.8 0.3 1.5

Na20 0.4 2.1 12-15

SOs a.7 6.5 -
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9) Waste glass powder

M) Waste glass
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warldarsazanennanseiudfisenvesueddng laun arsazaie
Tudeslansenlasd (NaOH) Afianandudu 10 Tum$ uazarsazane
lofendang (NazSios) Tudnsdiu 1:1 Mdasdutangussausie
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i Cement Fly ash Waste glass powder Sand Alkali solution Tap water
Sample L/B ratio
() () (9 © NaOH (g) NazSiOs (g) ©
cT 0.50% 740 - - 2035 - - 370
FA90GP10 - 666 74 2035 296 296 -
FA80GP20 0.80 - 592 148 2035 296 296 -
FATOGP30 - 518 222 2035 296 296 -
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a9dl 3 wudn weddnsauay (CT) Wudunandi gy uduud u
TanUsvarudaigeen windu 104.6, 409.9 way 426.0 nn/wu?
o o o | ' sy sy Yo
71918 7, 28 waz 90 AINEIAU dunguveINesANS Tl TanUszany
N3EAUMEANEANIAISAREYITENIN 149.7-267.2, 318.0-406.4
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Compressive Strength (ksc)

Sample
7 days 28 Days 90 Days
cT 104.6 409.9 426.0
FA90GP10 267.2 406.4 539.1
FA80GP20 2288 3759 481.1
FATOGP30 149.7 318.0 4199
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Current Flow (mA)
N
o

Duration (hours)
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n) CT mortar

) Fly ash-waste glass powder
alkali-activated mortar
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4. d3d

Kl

PNEANTNAFDULALIATIEINATINT MLAwLAIUnas LB o aNEw
haosduassssulunsudaueifsnseduiens aransnagdld
Faoluil

4.1 msldiesuiiunasdsaunuiluidrassluusnaimaty
danasrianislnauniianniu nanadenisldirsuiunasieadaoi
ANNEnsalunseauls

4.2 msldipvuiunadoaunudiludrassluusunaiunndu
dawasion1ssuindssafianas egrdlsinunisldiavuiiunazison
sududnaeslusnanliiudesas 20 uesisdnsdiamdsni
gandued i liyudiudiduianussau Tasnisldavui
unazidualudnindiuiosar 10 aunsamumdaldgeds 539.1
nn/aa? fleng 90 $u

MAT-36-4



N lE r’ N15U529039IN153AINTTATESIUKIYIA ATeN 30 The 30™ National Convention on Civil Engineering
- B ' Ul 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

4.3 nsltasuiunagd uaunuilutatasslulTunafininau
dwasiannuansatunmsiumunisiieaiulafiniuesinsnldian
Usganuanyuiiuug

AnAnIsuUIENA

YUDUAMNIATYITAINTTULETT AT AINTIUANENT
wninerdemaluladsuasnangainw dmiuaniuiiuasadesiely
nsvhidens il uaﬂam‘f‘jmamauqmu?ﬁ’w du1uAalan 31199
lirnuoyeziiuavuinlddmiuduialunsinuideio
Dudeyauazunmsunmsimuiagneaddlunenmanisiely

LBNEN5D19D9

[1] Barcelo, L., Kline, J., Walenta, G. and Gartner, E. (2014).
Cement and carbon emissions. Materials and structures,
47(6), 1055-1065.

[21 Shi C, Roy D. and Krivenko P. (2003). Alkali-activated
cements and concretes, CRC press.

[3] Phiangphimai, C., Joinok, G., Phoo-ngernkham, T.,
Damrongwiriyanupap, N., Hanjitsuwan, S,
Suksiripattanapong, C., Sukontasukkul, P., and Chindaprasirt,
P. (2023). "Durability properties of novel coating material
produced by alkali-activated/cement powder."
Construction and Building Materials, 363, 129837.

[4] Phoo-ngernkham, T., Phiangphimai, C., Intarabut, D,
Hanjitsuwan, S., Damrongwiriyanupap, N., Li, L.-y., and
Chindaprasirt, P. (2020). "Low cost and sustainable repair
material made from alkali-activated high-calcium fly ash
with calcium carbide residue." Construction and Building
Materials, 247, 118543.

[51 Al, H. A, Sun, K., Xuan, D., Lu, J.-X., Cyr, M., and Poon, C. S.
(2023). "Recycling of high-volume waste glass powder in
alkali-activated materials: An efflorescence mitigation
strategy." Journal of Building Engineering, 65, 105756.

[6] Wang, C., Tian, Q., Zhang, M., Ruan, M., and Zhao, Z. (2024).
"Design and properties of ternary alkali-activated binder
based on blast furnace slag, recycled powder and waste
glass powder." Journal of Environmental Management, 365,
121685.

[71 Muhedin, D. A. and lbrahim, R. K. (2023). Effect of waste
glass powder as partial replacement of cement & sand in
concrete. Case Studies in Construction Materials, 19,
e02512.

(8]

[10]

[11]

[13]

(14]

[15]

MAT-36-5

ASTM C618-22 (2022). "Standard specification for coal fly
ash and raw or calcined natural pozzolan for use in
concrete." Annual Book of ASTM Standard, Vol.04.02.

Celik, A. 1., Tung, U., Bahrami, A, Karalar, M., Mydin, M. A. O.,
Alomayri, T. and Ozkilic, Y. O. (2023). Use of waste glass
powder toward more sustainable geopolymer concrete.
Journal of materials research and technology, 24, 8533-
8546.

ASTM C1437-20 (2020). Standard Test Method for Flow of
Hydraulic Cement Mortar, ASTM International.

ASTM C109/C109M-20 (2020). Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars (Using
2-in. or [50-mm] Cube Specimens), ASTM International

NT BUILD 356 (1989). Concrete, Repairing Materials and
Protective Coating: Embedded Steel Method, Chloride
Permeability, Nordtest Building Method.

Chindaprasirt, P., De Silva, P., Sagoe-Crentsil, K. and
Hanjitsuwan, S. (2012). Effect of SiO2 and Al203 on the
setting and hardening of high calcium fly ash-based
geopolymer systems. Journal of Materials Science, 47, pp.
4876-4883.

Yan, P., Chen, B., Zhua, M., and Meng, X. (2024). "Study on
mechanical properties and microstructure of green ultra-
high performance concrete prepared by recycling waste
glass powder." Journal of Building Engineering, 82, 108206.
Ruengsillapanun, K., Udtaranakron, T., Pulngern, T,
Tangchirapat, W. and Jaturapitakkul, C. (2021). Mechanical
properties, shrinkage, and heat evolution of alkali activated
fly ash concrete. Construction and Building Materials, 299,
123954.

Broomfield, J. P. (2023). Corrosion of steel in concrete:
understanding, investigation and repair. Crc Press.
Dueramae, S., Tangchirapat, W., Chindaprasirt, P. and
Jaturapitakkul, C (2017). Influence of activation methods on
strength and chloride resistance of concrete using calcium
carbide residue—fly ash mixture as a new binder ournal of
Materials in Civil Engineering, 29 (4), 04016265.
Navaneetha, E., Rao, P. N. and Bahurudeen, A. (2025).
Development of sustainable and durable terary blended
concrete using sugarcane bagasse ash and glass powder.
Construction and Building Materials, 466, 140329.
Balasubramanian, B., Krishna, G. G., Saraswathy, V. and
Srinivasan, K. (2021). Experimental investigation on concrete
partially replaced with waste glass powder and waste E-
plastic. Construction and Building Materials, 278, 122400.



