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Article Info Abstract

The addition of waterproofing to concrete aims to reduce porosity and is expected
Article history: to be more watertight. However, the addition of a waterproof layer to the concrete
can reduce its performance of the concrete. Therefore, researchers are trying to
Received 29 Dec 2022 jppovate an integral mixture of waterproofing concrete with fly ash (FA) as a filler.
Accepted 2 May 2023 FA added to the integral waterproofing concrete mix is expected to improve its
mechanical properties, including the modulus of elasticity. The Madrid Parabola

Keywords: Formula and Desay & Khrisnan Formula are usually used in calculating the stress-

strain distribution of concrete. This case aims to determine the physical and
Integral mechanical properties as well as the stress-strain distribution equation by adding
Waterproofing FA to integral concrete waterproofing. In this study, the specimens used were
Concrete; cylindrical in shape with a size of 15 cm x 30 cm. The ingredients are PPC cement,
Modulus Elasticity; sand, gravel, 1.5% integral waterproofing added (Damdex brand), and the addition
Fly Ash; of FA from cement weight 0% to 15% in 5% increment intervals. Tests for
Compressive compressive strength, split tensile strength, and modulus of elasticity tests were
Strength; carried out in reference to ASTM C39/C39M-18, 2018, ASTM C 496/C 496M - 04,

Split Tensile Strength 2004, and ASTM C 469 - 02, 2002. The results showed that the more FA was added,
the more strength increased. The Desay-Khrisnan stress-strain formula is more
suitable for this concrete

© 2023 MIM Research Group. All rights reserved.

1. Introduction

Concrete is the result of the bond between the paste (cement and water) with the
aggregate. In some conditions, concrete is also required to be waterproof. In project
construction, many workers neglect work procedures, which can cause underground
structures such as basement walls or floors to leak. This requires high repair costs. Along
with the times, the development of concrete technology cannot be avoided. Various kinds
of proofs of this innovation have been created, one of which is integral concrete
waterproofing and plasticizing admixture[1]-[3]. Waterproofing Essential is made of
concrete with average conditions that cannot be waterproofed so that the need for
concrete from the concrete mixture can produce waterproof concrete. The addition of
waterproofing can make the concrete last longer [4]-[6]. The life of concrete can be durable
because the addition of waterproofing materials reduces water absorption and
permeability through the concrete capillaries.[3,7, 8]. Standard concrete has a compressive
strength that is more significant than the required waterproofing concrete. The integral
waterproofing method can drastically reduce concrete's compressive strength. The
concrete's compressive value is below the average compressive strength [9]-[12].
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There have been many uses of industrial waste, fly ash (FA), and agricultural residues such
as rice husk ash (RHA), and sugarcane bagasse ash (SBA) as a substitute for cement in
concrete research[13]-[20]. This material aims to replace the depletion of natural
resources and reduce CO2 emissions in the air from cement manufacture, which will help
save the environment. Previous research by replacing cement or adding additives from FA,
RHA, and SBA can improve the mechanical strength of concrete. In previous studies, this
waste as a substitute for paste materials or as aggregates, the mechanical properties of
which can be improved with age. At the beginning of the 28th generation, the strength is
still low, but after 56 days the strength will be higher or equal to normal concrete.
Meanwhile, as a filler, it can improve the mechanical properties of concrete [21]- [24]. In
some conditions, FA has a chemical content that can increase the binding element in
cement called silica dioxide (SiO2), thus increasing the compressive strength[25]- [28]. The
use of FA material is based on the properties of this material which is similar to cement
and can close the pores of the concrete thereby increasing the integral waterproofing
strength of the concrete. The similarity of these properties can be seen physically and
chemically [29,30]. FA material has very good physical properties, able to pass through a
filter of fewer than 50 millimicrons by 5% - 27%, has a specific gravity value of 2.15-2.6
and is gray in color. The most abundant chemical content of FA is usually silica dioxide
(Si02) with a percentage of up to 80%. Therefore, FA can be an integral filler in concrete
waterproofing similar to cement.

The modulus of elasticity is the ratio of stress to strain under elastic conditions, the ability
to undergo elastic deformation under applied loads. The greater the value, the greater the
stiffness, but the deformation value decreases. From the results of laboratory tests,
uniaxial compression tests, researchers can determine the behavior of concrete, its
modulus of elasticity, using a parabolic equation of order 2. Draw a straight line measured
relative to the horizontal axis with a tangent line twice the tangent. This line can be used
as an assumption in calculating the modulus of elasticity of concrete before further
numerical analysis is carried out [31]. In calculating the modulus of elasticity, the Madrid
parabola equation and the Desay & Krishnan formula are used.

tanpB:tanoa=2

tangent //

e secant

Fig. 1. Property of 2nd order parabola (P.Kmiecik, M.Kaminski)

The formula for the stress-strain relationship for the non-linear behavior of concrete
structures is as follows:
e Madrid Parabola
&c

0'C=EC.SC.[1—%(—)], oc = f(Ec,ecl) M

ecl

e Desay & Krishnan
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_ Ec.ec

- EC 2
1+(55)

According to ASTM C496 from the test result at the laboratory determined that the

modulus elasticity as the ratio of stress when reaching 40% of the stress collapse to the
strain following the stress under these conditions :

, ac = f(Ec,ecl) (2)

B~ G5 o

Where : E. = Modulus Elasticity (Mpa)

Oc = Concrete Stress

Ocm = average compressive strength

02 = Stress equivalent to 40% ultimate stress (Mpa)

o1 = Stress value at the time of reaching longitudinal strain, €1 (Mpa)

€2 = Strain value at stress o2

€1 =0,00005

£c1 = strain € at stress oem

This study determines the mechanical properties of watertight concrete with a mixture of
integral waterproofing and variations of FA filler from 0% to 15% of the total cement.

2. Experimental Work
2.1. Material
2.1.1. Fly Ash (FA)

PLTU Paiton Probolinggo is a steam power plant in East Java that uses coal as fuel.
Combustion waste in the form of fly ash is used in this case. Table 1 contains the chemical
content.

Table 1. Properties FA

Physical

Soecific Gravity 3.07

Checimal Composition (%)
Silikon dioksida 52,35
Alumnia Oksida 12,11
Ferri Oksida 12,35
Kalsium Oksida 6,79
Magnesium Oksida 10,63
Natrium Oksida 2,15
Sulfur Trioksia 2,27
Water 0,12
LOI 0,40

2.1.2. Aggregates

Lumajang river natural sand from Mount Semeru, East Java, Indonesia, is used as fine
aggregate in the concrete mix. The specific gravity is 2.53, the volume weight is 1710
kg/m3, the water absorption rate is 2.78%, and the fineness level is 2.15. Coarse aggregate
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obtained from crushed stone in Jember. The specific gravity of crushed stone is 2.6, the unit
weight is 1390 kg/m3, the water absorption rate is 0.54%, the fineness level is 1.45, and

the maximum size is 20 mm. The properties of the aggregates used in this concrete mix are
given in Table 2 and Fig. 2

Table 2, Physical and mechanical properties of aggregates.

Unit Sand Broken Stone
Specific gravity 2.53 2.6
Volume weight (kg/m3) 1710 1390
Water absorption (%) 2.78 0.54
Fine Modulus 2.15 1.45
Clay and fine materials (%) 1.54 0.39
100 @ S
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b4 40 —— Fine Aggregate
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Seives (mm)

Fig 2. The grading curve of aggregates

2.1.3. Waterproofing

Waterproofing is widely available in building stores (Damdex), which functions as an
added ingredient for fresh concrete so that the concrete is water seepage resistant or the
concrete is watertight. It is recommended to use 0.5 -2% by weight of cement, in research
using 1.5% by weight of cement.

2.2. Mix Desain

To achieve the research objective, a mixture was prepared with three variations of FA, 5%,
10%, and 15% by weight of cement. FA as a filler material in the concrete mixture. The
parameters of the mix that remained constant were cement and 1.5% water proofing by
weight of cement.

Table 3. Material Requirements per Concrete Cylinder for Each Variation of FA

Material
Sample %lglAller Cement  Water Sand Gravel FA Waterproofing
(Kg) (Ltr)  (Kg) (Kg) (Kg) (kg)

BW 0 3.26 1.30 4.35 6.00 0 0.049
BWF1 5 3.26 1.30 4.35 6.00 0.1629 0.049
BWEF2 10 3.26 1.30 4.35 6.00 0.3257 0.049
BWF3 15 3.26 1.30 4.35 6.00 0.4889 0.049
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2.3. Testing Procedure

Testing fresh concrete with slump test according to ASTM C143. Concrete testing by
compression test according to ASTM C39 split tensile strength according to ASTM C496,
Modulus of Elasticity according to ASTM C469, and absorption according to ASTM C642.
The test object is cylindrical (15 x 30 cm). Tests were carried out at 28 days of concrete,
and an average of five samples were recorded for each test.

3. Results and Discussion
3.1. Workability

Fresh concrete testing was carried out to determine the flowability level using the slump
abrams test. In the implementation of mixing, the control variable in this study is the slump
abrams test. Therefore, the use of water in the normal concrete mixing process must
always be controlled. The addition of FA to the concrete mixture can increase the
concrete's workability so that the fresh concrete is thinner. The slump abrams test results
on integral waterproofing concrete are presented in Table 4, Fig. 3, and Fig. 4.

In previous studies, FA in a fresh concrete mixture will increase workability and reduce
water addition. Such a function allows concrete planning by reducing the lower cement
water factor ratio for equal workability, useful in increased strength, tighter pore
structure, and increased durability. In the previous test, the relationship between the
slump and FA test at the same water content shows that it is directly proportional, where
the more FA additions will also show a high slump test value

Oil SLumP.
WIsZ+Fa 157

Fig. 3. Slump Abrams Test Measurement on BW, BWF1, BWF2, and BWF3

Table 4. Abrams slump test results on fresh concrete

Sample Slump test (cm)
BW 10

BWF1 10

BWF2 11

BWF3 12

Figure 4 shows the integral waterproofing (BWF) slump value of FA. As the FA value
increases, the slump value also increases. Increasing slump value will give affect the
performance of fresh concrete, high workability, and low viscosity.
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Fig. 4. Slump test value

3.2. Compressive strength

The addition of 0% to 15% FA by weight of cement into 1.5% integral watertight concrete
will be tested for strength. The compressive strength of the prepared BW samples
increased directly proportional to the addition of FA. Fig. 5 shows the strength of the
sample at 28 days of age. Compared with the reference sample, namely BW, the BWF
sample has a higher strength. With the addition of FA to BW it will close or reduce the pore
size. With the FA bond polymerization process, a pozzolanic reaction is formed which
contributes to increase strength of BW.

Table 5. Compressive strength

Sample MPa
BW 33.32
BWF1 35.48
BWF?2 38.69
BWF3 43.22
_ 45
£ 40
2 35
=
E’” 30
o 25
5
“x 20
(O]
> 15
w
%10
S 5
g
S 0
BWF1 BWF2 BWF3
Mixtures

Fig. 5. Effect of addition FA on Compressive Strength BWF
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The relationship between the increase in compressive strength and the increase in the
number of FA is very strong. The correlation coefficient for the linear relationship is
R2=0.9747 according to Eq. (4)

y=3.291x + 29.45 (4)

From this relationship, the increase in compressive strength is directly related to the
addition of FA, this causes the compressive strength to increase as a result of the
reduced pore size of the concrete

3.3. Splitting Tensile Strength

In this case, the split tensile strength of BW with the addition of FA will be plotted in Figure
6. The highest split tensile strength value was obtained in the BWF3 composition with an
FA content of 15%, with a split tensile strength value of 3.11 MPa. While the lowest split
tensile strength value is in the BWFO composition with 0% FA content with a split tensile
strength of 3.04 MPa. This means that the addition of fly ash as a filler can increase the
value of the split tensile strength of integral waterproofing concrete because adding fly ash
as a filler or added material can improve the mechanical properties of concrete.

Table 6. Splitting tensile strength

Sample MPa
BW 3.04

BWF1 3.07
BWF2 3.09
BWF3 3.11
3,12

S

2 3,1

e

17 3,08

=T

@ e 3,06

g2

o 3,04

£

£ 3,02

a

« 3

BW BWF1 BWF2 BWF3
Mixtures

Fig. 6. Effect of addition FA on Splitting tensile Strength BWF

3.4. Modulus of Elasticity

Testing the modulus of elasticity of concrete was carried out on all samples of specimens
used for compressive strength at the age of 28 days. The modulus of elasticity test is carried
out until the concrete is completely destroyed. The results of the Stress-Strain test will be
presented in Fig. 8, and the maximum average stress and strain can be seen in table 7. to
get the value of the elastic modulus using Eq. (3)
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Table 7. Strain (ec1) values Strain value of waterproofing integral concrete

Sample Oem (MPa) €a(mm/mm)
BW 33.32 0.0017
BWF1 35.48 0.0021
BWF2 38.69 0.0027
BWF3 43.22 0.0029

@ i y = -4E+06x? + 25824x - 0,1542

Compressive Strength (MPa)
N
o

10 R?=0,997
> ¢ y = -2E+06x? + 20550x - 1,1023
0 GX R?=0,9904

5 0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035

Strain (m/m)

------ © - BW @ BWFL O  BWF2 @ BWF3

Fig. 8. Stress-strain diagram of 2nd order parabolic integral waterproofing concrete
with additional FA variation

Fig. 8. shows the stress-strain relationship diagram of 2nd-order parabolic integral
waterproofing concrete with an additional FA variation. To approach the oc-&c
relationship using the Madrid parabola equation and Desay & Krishnan. In analyzing the
modulus of elasticity follow the following steps (example BW):
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e It is assumed from the second-order parabolic equation that the value of Ec =
39.743,647 MPa at ocm = 33,32 MPa. The value of Ec is obtained from the tangent
twice the tangent to the angle formed by the line through the point (ocm, &c1)

e Fromthe Ecabove, itis graphed from the Madrid Parabola equation and the Desay
& Krisnan equation

e Determine the stress value o1 at 0.00005 strain and determine the strain oz at 0.4
Ocm

e The new modulus of elasticity is obtained tangent from the straight line passing
through (&c2, 0.4 oem) and (0.00005, o1), Ec = 34.680,189 MPa (Parabola Madrid),
Ec=37.818,252 MPa (Desay & Krisnan)

40
35 _ -
30 ‘\\
25
20
15
10
5

Compreesive Strength (MPa)

0
0 0,0005 0,001 0,0015 0,002 0,0025

Strain (mm/mm)

—e— Parabola Madrid Desay & Krishnan  —e—BW

Fig. 9. Comparison of stress-strain diagram between BW concrete with Madrid
Parabola and Desay & Krishnan

From the above calculation, the elastic modulus of waterproofing concrete with the
addition of FA is obtained which is close to the Desay & Krishnan equation. Table 5. shows
the value of the elastic modulus of several equations. With a proportion of 1.5%. Integral
waterproofing concrete mix with fly ash filler variation of 0% to 15% differs from
28779.60 MPa to 37818.252 MPa (Desay & Krishnan). The results of the highest modulus
of elasticity obtained the proportion of mixed waterproofing 1.5% with 0% fly ash filler.
With the addition of fly ash, the behavior of the concrete will be more ductile. While the
smallest elastic modulus was obtained compared to 1.5% waterproofing with 10% fly ash
variation, on 1.5% fly ash variation the elastic modulus increased again. That the
improvement of fly ash as an integral filler of waterproofing concrete can improve the
behavior of concrete, increase its ductility and strength.[32,33]

The effect of fly ash composition on the modulus of elasticity of integral waterproofing
concrete is shown in Figure 6. The equation obtained from this relationship is y = 52.893X?
-1411.6X + 37573 with R2 = 0.9908. The addition of fly ash to the integral waterproofing
concrete increases the performance of the waterproof concrete.[34,35]
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Table 8. Modulus of Elasticity of Integral Waterproofing Concrete (MPa)

Sample  Ec=TanB=2xTana Parabola Madrid Desay & Krishnan
BW 39743.647 34680.189 37818.252

BWF1 34276.667 30005.633 32664.106
BWF2 29933.778 26282.965 28589.563
BWEF3 30127.034 26471.950 28779.605

39000

EEE 37000

= 35000

‘S 33000 v =52,893x2- 1411,6x + 37573

Z 31000 R?=0,9908

w

5 29000

3 27000

§ 25000

> 0 2 4 6 8 10 12 14 16

% Fly Ash

@ Modulus of Elasticity

Polinom. (Modulus of Elasticity)

Fig. 10. Modulus of elasticity relationship with integral waterproofing concrete with the

addition of fly ash

4. Conclusions

Several discussions about the integral waterproofing concrete result in decreased strength
compared to normal concrete. This paper discusses the possibility of increasing the
mechanical properties of integral waterproofing concrete with the addition of fly ash
regarding the workability, strength, and modulus of elasticity of concrete. From this paper
it can be concluded:

870

The addition of FA is directly proportional to the slump value, with the highest
slump value at 12 cm at 15% FA content (BWF3). The addition of fly ash to
concrete waterproofing improves workability because the particle size is mostly
spherical, resulting in better traceability.

The use of 15% FA produces a compressive strength of 43.32 MPa, and an increase
of 29.71% from integral concrete waterproofing without FA (BW) of 33.32 MPa.
The polymerization process of silica on FA to form geopolymer chains is very
important so that strong bonds in the polymer chains can reduce the pore
diameter can increase their strength.

BWEF3 produces the highest split tensile strength of the others at 3.11 MPa and an
increase of 2.3% compared to BW, which had a tensile strength of 3.04 MPa.

The shape of the stress-strain relationship in the test with the FA variation tends
to be close to the equation proposed by Desay & Khrisnan

The greatest ultimate strain value occurs in BWF3 of 0.0029 mm/mm, and the
lowest is in BW of 0.0017 mm/mm

The elastic modulus values of BW, BWF1, BWF2, and BWF3 were 37818.252 MPa,
32664.106 MPa, 28589.563 MPa, and 28779.605 MPa respectively.
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This conclusion reveals that it is possible to incorporate FA into construction and building
materials using waterproofing, without significant changes to its mechanical properties,
especially compressive strength. FA additives are cheaper than the addition of original
portland cement or silica fume additives in maintaining the compressive strength of
concrete by using waterproofing such as normal concrete compressive strength.[36]

Acknowledgement

The author would like to thank the Dean of the Faculty of Engineering, University of
Jember, who has supported this work by borrowing tools from the structure laboratory.

References

[1] FarfanM, Leonardo E. Caucho reciclado en la resistencia a la compresiéon y flexién
de concreto modificado con aditivo plastificante. Rev ing constr. 2018
Dec;33(3):241-50. https://dx.doi.org/10.4067/S0718-50732018000300241

[2] Al-Rashed R, Jabari M. Dual-crystallization waterproofing technology for topical
treatment of concrete. Case Studies in Construction Materials. 2020
Dec;13:€00408 .https://doi.org/10.1016/j.cscm.2020.e00408

[3] LiG,HuangX, Lin], Jiang X, Zhang X. Activated chemicals of cementitious capillary
crystalline waterproofing materials and their self-healing behaviour.
Construction and Building Materials. 2019 Mar;200:36-45.
https://doi.org/10.1016/j.conbuildmat.2018.12.093

[4] ZhaolL,Yao S, HuangX, Liu T, Qin F. Effect of Silicone Waterproofing Agent on the
Properties of Ceramic Recycled Aggregate Cement Mortar. IOP Conf Ser: Earth
Environ Sci. 2020 Aug 1;558(3):032007. https://doi.org/10.1088/1755-
1315/558/3/032007

[5] Waldvogel M, Zurbriggen R, Berger A, Herwegh M. Influences of temperature and
opening rate of substrate cracks on the mechanical behaviour, crack-bridging
ability and deformation mechanisms of one-component, cementitious, flexible
waterproofing membranes. Cement and Concrete Research. 2020
Oct;136:106140. https://doi.org/10.1016/j.cemconres.2020.106140

[6] Parah Salsabeel Jalal PS], Indra Kumar Pandey IKP, Ashok k Tiwari AKT, Vikas
Srivastava VS. Effect of Waterproofing Systems and Materials on Environment. ]
Environ Nanotechnol. 2018;7(4):40-5..
https://doi.org/10.13074/jent.2018.12.184326

[71 Meng T, Wei H, Ying K, Wang M. Analysis of the Effect of Nano-SiO2 and
Waterproofing Agent on the Water Transportation Process in Mortar Using NMR.
Applied Sciences. 2020 Nov
6;10(21):7867.https://doi.org/10.3390/app10217867

[8] Akinkurolere O. Water Absorption, Sorptivity and Permeability Properties of
Concrete Containing Chemical and Mineral Admixtures. LAUJOCES. 2021 May
1;6(2):118-127. https://doi.org/10.36108/laujoces/1202.60.0201

[9] Gupta R, Biparva A. Do crystalline water proofing admixtures affect restrained
plastic shrinkage behavior of concrete?. Revista de la Asociacién
Latinoamericana de Control de Calidad, Patologia y Recuperacién de la
Construccién. 2017 Jan 31;7(1):15-24. https://doi.org/10.21041/ra.v7i1.172

[10] Vijayalakshmi R, Babu DD, Mathivanan M, Sandeepkumar ], Boopathiraja V.
Characteristic Study on Behaviour of Integral Crystalline Water Proofing
Concrete. International Research Journal Engineering and Technology. 2018
June;5(6):542-546

[11] Tuns I, Tamas FL, Mantulescu M. Waterproofing Solution of an Existing Basement

871


https://dx.doi.org/10.4067/S0718-50732018000300241
https://doi.org/10.1016/j.cscm.2020.e00408
https://doi.org/10.1016/j.conbuildmat.2018.12.093
https://doi.org/10.1088/1755-1315/558/3/032007
https://doi.org/10.1088/1755-1315/558/3/032007
https://doi.org/10.1016/j.cemconres.2020.106140
https://doi.org/10.13074/jent.2018.12.184326
https://doi.org/10.3390/app10217867
https://doi.org/10.36108/laujoces/1202.60.0201
https://doi.org/10.21041/ra.v7i1.172

Nurtanto et al. / Research on Engineering Structures & Materials 9(3) (2023) 861-873

Against Water Under Hydrostatic Pressure. Case Study. Bulletin of the
Transilvania Univesity of Brasov. 2017;10(59):211-218

[12] Petrucci RDS, Hastenpflug D. Evaluation Of Crystalline Waterproofing Admixture
On Portland Cement Concrete. Proceedings of International Structural
Engineering and Construction. 2017 Jul;4(1).
https://doi.org/10.14455 /ISEC.res.2017.95

[13] Sathe S, Zain Kangda M, Dandin S. An experimental study on rice husk ash
concrete. Materials Today: Proceedings. 2023;77:724-8.
https://doi.org/10.1016/j.matpr.2022.11.366

[14] Subramaniam DN, Sathiparan N. Comparative study of fly ash and rice husk ash
as cement replacement in pervious concrete: mechanical characteristics and
sustainability analysis. International Journal of Pavement Engineering. 2022 May
20;1-18 https://doi.org/10.1080/10298436.2022.2075867

[15] Nurtanto D, Junaidi [, Wahyuningtyas W, Yunarni W. Comparacion de la adicién
de cenizas de cascarilla de arroz y cenizas de tejas a cemento de geopolimero en
base a cenizas volantes con cemento Portland. Rev ing constr. 2020
Dec;35(3):287-94. https://dx.doi.org/10.4067/S0718-50732020000300287

[16] Ojha PN, Singh B, Prakash S, Singh P, Mandre MK, Kumar S. Effect of high ratio fly
ash on roller compacted concrete for dam construction. Res Eng Struct Mater.
2022;8(2):233-251. https://doi.org/10.17515/resm2022.374mal1216

[17] YCheng Y, Cong P, Zhao Q, Hao H, Mei L, Zhang A, Han Z, Hu M. Study on the
effectiveness of silica fume-derived activator as a substitute for water glass in fly
ash-based geopolymer. Journal of Building Engineering. 2022 July;51:104228.
https://doi.org/10.1016/j.jobe.2022.104228

[18] Liu C, Zhang W, Liu H, Zhu C, Wu Y, He C, et al. Recycled aggregate concrete with
the incorporation of rice husk ash: Mechanical properties and microstructure.
Construction and Building Materials. 2022 Oct;351:128934.
https://doi.org/10.1016/j.conbuildmat.2022.128934

[19] Amin M, Attia MM, Agwa IS, Elsakhawy Y, el-hassan KA, Abdelsalam BA. Effects of
sugarcane bagasse ash and nano eggshell powder on high-strength concrete
properties. Case Studies in Construction Materials. 2022 Dec;17:e01528.
https://doi.org/10.1016/j.cscm.2022.e01528

[20] Abdalla TA, Koteng DO, Shitote SM, Matallah M. Mechanical and durability
properties of concrete incorporating silica fume and a high volume of sugarcane
bagasse ash. Results in Engineering. 2022 Dec;16:100666.
https://doi.org/10.1016/j.rineng.2022.100666

[21] Amran M, Onaizi AM, Qader DN, Murali G. Innovative use of fly ash-finely
powdered glass cullet as a nano additives for a sustainable concrete: Strength and
microstructure and cost analysis. Case Studies in Construction Materials. 2022
December;17:e01688. https://doi.org/10.1016/j.cscm.2022.e01688

[22] Yadav VK, Amari A, Wanale SG, Osman H, Fulekar MH. Synthesis of Floral-Shaped
Nanosilica from Coal Fly Ash and Its Application for the Remediation of Heavy
Metals from Fly Ash Aqueous Solutions. Sustainability. 2023;15(3):2612,
http://doi.org/10.3390/su15032612

[23] Nasir Amin M, Ur Rehman K, Shahzada K, Khan K, Wahab N, Abdulalim Alabdullah
A. Mechanical and microstructure performance and global warming potential of
blended concrete containing rice husk ash and silica fume. Construction and
Building Materials. 2022 September;346:128470.
https://doi.org/10.1016/j.conbuildmat.2022.128470

[24] Aminu Alhaji M, Kumar Sharma P. Combined effects of rice husk ash and hybrid

872


http://dx.doi.org/10.14455/ISEC.res.2017.95
https://doi.org/10.1016/j.matpr.2022.11.366
https://doi.org/10.1080/10298436.2022.2075867
https://doi.org/10.17515/resm2022.374ma1216
https://doi.org/10.1016/j.jobe.2022.104228
https://doi.org/10.1016/j.conbuildmat.2022.128934
https://doi.org/10.1016/j.cscm.2022.e01528
https://doi.org/10.1016/j.cscm.2022.e01528
https://doi.org/10.1016/j.rineng.2022.100666
https://doi.org/10.1016/j.cscm.2022.e01688
http://doi.org/10.3390/su15032612
http://doi.org/10.3390/su15032612
https://doi.org/10.1016/j.conbuildmat.2022.128470

Nurtanto et al. / Research on Engineering Structures & Materials 9(3) (2023) 861-873

fibres on the fresh and mechanical properties of recycled aggregate concrete.
Material Today: Proceedings. 2022;62(12):6695-6700.
https://doi.org/10.1016/j.matpr.2022.04.746

[25] Cho YK, Jung SH, Choi YC.Effects of chemical composition of fly ash on
compressive strength of fly ash cement mortar. Construction and Building
Materials. 2019 April;204:255-264.
https://doi.org/10.1016/j.conbuildmat.2019.01.208

[26] Shi S, Li H, Zhou Q, Zhang H, Basheer P, Bai Y. Alkali-activated fly ash cured with
pulsed microwave and thermal oven: A comparison of reaction products,
microstructure and compressive strength. Cement and Concrete Research. 2023
April;166:107104. https://doi.org/10.1016/j.cemconres.2023.107104

[27] Bicer A. Effect of fly ash particle size on thermal and mechanical properties of fly
ash-cement composites. Thermal Science and Engineering Progress. 2018
December;8:78-82. https://doi.org/10.1016/j.tsep.2018.07.014

[28] Ojha P, Singh B, Trivedi A, Singh P, Singh A, Pede C. Short-term mechanical
performance and flexural behavior of reinforced slag-fly ash-based geopolymer
concrete beams in comparison to OPC-based concrete beams. Research on
Engineering Structures Materialas. 2023;9(1):31-51.
https://doi.org/10.17515/resm2022.515me0902

[29] Matar P, Barhoun ]. Effects of waterproofing admixture on the compressive
strength and permeability of recycled aggregate concrete. Journal of Building
Engineering. 2020 November;32:101521.
https://doi.org/10.1016/j.jobe.2020.101521

[30] Wang D, Zhou X, Meng Y, Chen Z. Durability of concrete containing fly ash and
silica fume against combined freezing-thawing and sulfate attack. Construction
and Building Materials. 2017 August;147:398-406.
https://doi.org/10.1016/j.conbuildmat.2017.04.172

[31] Kmiecik P, Kaminski M. Modelling of reinforced concrete structures and
composite structures with concrete strength degradation taken into
consideration. Archives of Civil and Mechanical Engineering. 2011;11(3):623-
636. https://doi.org/10.1016/s1644-9665(12)60105-8

[32] Sarkar M, Maiti M, Malik MA, Xu S. Evaluation of the crack-healing performance
and durability of bacteria integrated alkali-activated fly ash composites. Journal
of Building Engineering. 2022 August;54:104642.
https://doi.org/10.1016/j.jobe.2022.104642

[33] Zhou Z,LiS, Cao], Chen X, Wu Z, Zhou P. The waterproofing effect and mechanism
of graphene oxide/silane composite emulsion on cement-based materials under
compressive stress. Construction and Building Materials. 2021
November;308:124945. https://doi.org/10.1016/j.conbuildmat.2021.124945

[34] Jalali UH, Afgan S. Analysis of Integral Crystalline Waterproofing Technology for
Concrete. International Research Journal of Engineering and Technology.
2018;5(10):1076-1085.

[35] Zhao L, Zhang M, Chen H, Xue Q, Huang Q, Zhao M. Effect of Silicone
Waterproofing Agent on Properties and Microstructure of Fly Ash-cement Based
Wall Insulation Materials in High-humidity Environment. Silicon. 2022;
14(12):6873-6879. https://doi.org/10.1007/s12633-021-01468-8

[36] Omale RP. Comparative Analysis of Concrete Water-Proofing Materials. Journal
of Civil Engineering Research &  Technology. 2022;4(1):1-9.
https://doi.org/10.47363/]CERT/2022(4)122

873


https://doi.org/10.1016/j.matpr.2022.04.746
https://doi.org/10.1016/j.conbuildmat.2019.01.208
https://doi.org/10.1016/j.cemconres.2023.107104
https://doi.org/10.1016/j.tsep.2018.07.014
https://doi.org/10.17515/resm2022.515me0902
https://doi.org/10.1016/j.jobe.2020.101521
https://doi.org/10.1016/j.conbuildmat.2017.04.172
https://doi.org/10.1016/s1644-9665(12)60105-8
https://doi.org/10.1016/j.jobe.2022.104642
https://doi.org/10.1016/j.conbuildmat.2021.124945
https://doi.org/10.1007/s12633-021-01468-8
https://doi.org/10.47363/JCERT/2022(4)122

	cover
	resm2023.627me1229m

