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Investigation on the Mechanical Properties of High-Strength Recycled
Fine Aggregate Mortar Made of Nanosilica Dispersed by Sonication
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In order to maximize the utilization of recycled fine aggregate, high strength mortar made of 100 % recycled fine aggregate
was prepared, and its physical properties were evaluated to determine the possibility of using recycled fine aggregate as
structural aggregate. The effect caused by the amount of nanosilica on the physical properties of w/b 0.2 recycled fine
aggregate mortar consisting of cement, silica fume, and blast furnace slag. To improve the dispersion of nanosilica inside
mortar, an aqueously dispersed nanosilica solution by ultrasonic tip sonication was prepared, and incorporated into the
mortar to evaluate changes in mortar flow, porosity and compressive strength depending on nanosilica content. According
to the experimental results, mortar flow decreased as the replacement ratio of nano-silica increased. As the replacement
ratio of nanosilica increased up to 0.75 %, the porosity decreased and the compressive strength increased, but, at a
replacement ratio of 1 % the porosity increased and the compressive strength decreased. It was confirmed that the
nano-silica replacement ratio of 0.75 % was optimum proportion to maximize the mechanical performance of high-strength
recycled fine aggregate mortar.
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Fig. 1. Schematic illustration on the effect caused by nanosilica on
interfacial transition zone
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Fig. 2. X-ray diffraction pattern of nanosilica

Table 1. Chemical compositions of type | ordinary portland cement,
blast furnace slag and silica fume (wt.%)

Type I ordinary portland cement
CaO Sio, ALO; | Fe,05 MgO SO; K0
66.61 1832 437 2.95 2.66 2.63 1.19
TiO, MnO Na,O P20s ZnO Cl SrO
0.30 0.28 0.26 0.18 0.13 0.07 0.05
Blast furnace slag
CaO Sio, ALO; MgO SO; Fe,0; TiO,

48.44 29.07 14.29 3.61 2.55 0.62 0.61
Silica fume

SiO, SO; K;0 Fe,0; | ALO; CaO =

96.53 2.03 0.51 0.41 0.33 0.18 —
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Table 2. Mix proportion of cement mortar

; Binder (kg/m®) P
Specimen | W/B 5B b C NS BFS SF S
Plain 200.73 702.54 0 180.66 120.43 1003.63 0.58
NS 0.25 200.73 700.03 2.51 180.66 120.43 1003.63 0.58
NS 0.5 0.2 1 200.73 697.52 5.02 180.66 120.43 1003.63 0.58
NS 0.75 200.73 695.01 7.53 180.66 120.43 1003.63 0.58
NS 1 200.73 692.51 10.04 180.66 120.43 1003.63 0.58

100 vol. 11, No. 2 (2023)



Ledel7t 2Y80| a2)7kE &

Fig. 6. Example of mortar flow test

25 8338

DEEtzol &
eifel A (1ol Eﬂfﬂf
NS AR 24A|.7_ 0f& 105
i 7HX| =0
023104
PAES= R

A
e
ne
H
xel
[l
ne
H
10
ball
S
i
o
00
ol
. @
e o

[> g9
I njo r&E

Srace

=510
St AccuPyc Il 1345 Pycnometer(Micromeritics, USA)
AE3HH S5

= —
£ ED

1l

MRS

=

(T - FAUL)/ZTEE X 100 (%)

:Q Mo
In
rr

°

oz O rE Mo J K

2
ol _il,oﬂ
2
2L
G

Y

o>

o= ™

>

1= mo >

> >
oot
~
Wiy

I

_O'h
3]
o

w

>
1%
M
ic|
I}
I

31 829

H30f 2 NS Z2Ef29| E2
HRICH Fig, 701 2™, Li-AZ|712 2215
S 242 151.82 mmZ LIEHG OO, Li-Al2|7}

T

LI Ae7t Xzt
EIS Flg 701 LIER

EO|
o=

—.-IO

I

=

Diameter(mm)
=
w
)

.

120
110
100
Plain NS 0.25 NS 0.5 NS 0.75 NS1
Specimen

Fig. 7. Mortar flow of cement mortar

X|880] 0.25 %, 0.5 %, 0.75 %, & 1 %2 S7fstof wah 2tz
137.91 mm, 13722 mm, 131.66 mm, 2! 111.41 mmZ ZAst= 4E
HJLCE Ol LAzt 22 22 2oz, =21t 1d8s
L4H 58 S350 AHIE R2Er20| REM0| 22/6H4| 22
o7 | WiEolct,
3.2 338

ofo|=Z =08 & Like0|H Ef°|9| A'Elﬂi AHE Xt & 7|

Ef = Aol EXfisle S=2 X

oy 012t SHCHOertel et al, 2ow4) AHE DHEQ!AE LicH
E YsliXl=dl, 330| Eali=IX| 42 Ae

2ol ol ¥gal =
b AR JUX|D, 2512 FHE C-S-H 49| siHo| ST

HHOA 2AI5H| TH20|CHLee et al, 2018), Fig, 801 =X

—

Led2|7tE 26| 2 oetEM 22629 S582
18,5 %2 UEIHen, LH-de71E 2ot 2etEM 2262

19.0

18.5

Porosity(%)
=
©
o

-
N
%]

Hul

NS 0.25 NS 0.5 NS 0.75
Specimen

Plain

Fig. 8. Porosity of cement mortar

=27 20234 62 101



oF
F

ol
K

0
of

X ,_OL

o] SFE2 2F 0|20 &A| UE, Led2l7tof ofet 355

THWu et al. 2016)2tE UX|

Cf, L=ade|7t

&3

ol
ojl

,l_FO
ol
8o

ol

St EX

t

0

e}

2k

S
e
O

D

e

3
g

Lol 2

F

=

271 L a2|7HE SAlf

A
=

R
[Sy

2

3
=

T2RERC] B2EI29| B HY

Olz = 720

Ctot LHeAl2|7te] 2R/IE0] 1 %2

=
=

t

%, 17.85 %, 17.80 %= &0{

101l

S
=

= =287iH| 0.2 &9 Hi

AH0[ OF0{X[X]

=d5t &
ST T

[d(Berra et al, 2012) D|ME=29 Mes1}

ol

b

[

<

JE
NI

| —

[

=~

=)

701l

=
—

o,

F

[

5
M= SAlol

= 20|

<|

A

0 ofEiCts

| -
[

t71

ENEIWN

3

A

1
=

=

=

5

=
~

LS

7tetth=

=
[s)

vl

=)
=

=

1A
o

;o_”_
ok

ol

- Lo

__Av._|
<

7|
2, 2= Uea2|7t

oK

TERAC| ZE|T
= 9ol

1 %O||M

=
211 o=

AN

st Ol
=

=

=
o

Wl
(=]

=]
Ofl A ZH

TBTEMQ H20] diHez 52 2T

(0]
L A27H EUE 0,75 %0 M EX

19| YELE(67.08 MPa)S ALY

F

=

o, AlBllE, 12

L= o —

|

9]

Ql
=

oK

(17.80 %)

o=
SE=

9]

iy

3. 4

ojct, 7
e 5]
o =

| —
—

II

=

[ Liead2| 7}
=]

=en], of of

°

F

g2 o=
x
o

-

HECH

1

MEsE Ml

=5 LIEHA T2y

Al

=

[—

=& H0[E<2} Fig. 89 S=& H0[H

=

ot
0 7-Days #F114-Days M 28-Days

o

Hel7t EUSE 1 %09 B2Et2 222 £4%0] 075 %2
M Lea2|7h 2

4, L=a2|7t
E0f i

NS 1

NS0.75

R20] 0.75 %7t %

Fig. 99
st

O}, LeA2l7t 2RIS 1 %01M O

o THH 7L, 14

2|7t &

9]

o
wn

W)Yyir8uaus anissasdwo)

NS 0.5
Specimen

NS 0.25

Fig. 9. Compressive strength of mortar

Plain

102 vol. 11, No. 2 (2023)



Li-A2)7t EYE0| Hel7kE & 12sd 0j22E =Y

Conflicts of interest

None,

2 o7t FENER/TE ST |STEUY TIYOE 4

References

Bagheri, A, Parhizkar, T, Madani, H,, Raisghasemi, A (2013), The
influence of pyrogenic nanosilicas with different Surface areas
and aggregation states on cement hydration, Asian Journal of
Civil Engineering, 14(6), 783796,

Berra, M., Carassiti, F,, Mangialardi, T,, Paolini, AE,, Sebastiani,
M, (2012). Effects of nanosilica addition on workability and
compressive strength of Portland cement pastes, Construction
and Building Materials, 35, 666675,

Carmo, RN.F,, Costa, H,, Julio, E, (2017). Influence of nanoparticles
additions on the bond between steel fibres and the binding paste,
Construction and Building Materials, 161, 312-318,

Du, H, Du, S, Liu, X (2015), Effect of nano—silica on the mechanical
and transport properties of lightweight concrete, Construction
and Building Materials, 82, 114—122,

Fu, Q, Zhao, X, Zhang, Z, Xu, W., Niu, D, (2022). Effects of
nanosilica on microstructure and durability of cement—based
materials, Powder Technology, 404, 117447,

Ju, M, Park, K, Park, W.J, (2019), Mechanical behavior of recycled
fine aggregate concrete with high slump property in normal—and
high—strength, International Journal of Concrete Structures and
Materials, 13, 1-13,

Kaarthik, M,, Maruthachalam, D, (2021), A sustainable approach of
characteristic  strength of concrete using recycled fine
aggregate, Materials Today: Proceedings, 45(7), 6377-6380,

Kim, JH, Kim, WW, Moon, JH, Chung, CW. (2020). Effect of
multi-walled carbon nanotube on rheological behavior and
compressive strength of cement paste, Journal of Korean
Recycled Contruction Resources Institute, 8(4), 467-474 [in
Korean].

Kim, J.H. (2021). Construction and demolition waste management
in Korea: recycled aggregate and its application, Clean
Technologies and Environmental Policy, 23, 22232234,

Kim S.C, Park, DK, Yoog, KC. (2016),
cementitious mortar using high volume of recycled fine

Characteristic  of

aggregate, Journal of Korean Recycled Contruction Resources
Institute, 4(3), 235—242 [in Korean],

Kim, Y.J,, Kim, GW., Chung, CW. (2020), Contribution of two—stage
mixing approach on compressive strength of mortar made of
recycled fine aggregate, Journal of Korean Recycled Contruction
Resources Institute, 8(4), 490—497 [in Korean],

Kirthika, SK, Singh, SK. (2020), Durability studies on recycled fine
aggregate concrete, Construction and Building Materials, 250,
118850,

Kong, D,, Corr, D.J,, Hou, P., Yang, Y., Shah SP. (2015). Influence
of colloidal silica sol on fresh properties of cement paste as
compared to nano-silica powder with agglomerates in
micron—scale, Cement and Concrete Composites, 63 3041,

Korpa, A, Trettin, R, Boger, K G., Thieme, J., Schmiat, C. (2008),
Pozzolanic reactivity of nanoscale pyrogene oxides and their
strength contribution in cement—based systems, Advances in
Cement Research, 20(1), 35—46,

Lee, NK, Koh, KT., Kim, MO, Ryu, G.S, (2018), Uncovering the
role of micro silica in hydration of ultra—high performance
concrete(UHPC), Cement and Concrete Research, 104, 68—79.

Lee, S.Y,, Yoo, J.C, Kim, G, Yoon, MH,, Nam, J.S,, Choi, H.G,
(2016), Evaluation on the chloride ion diffusion coefficient of
mortar depending on replacement ratio of recycled fine
aggregate, Journal of Architectural Engineering in Korea, 16(6),
479485 [in Korean].

Moon, D.J,, Choi, J.J, (2009). A study on the properties of mortar
with recycled fine aggregate, Journal of the Korean Recycled
Construction Resources Institute, 4(1), 96—100 [in Korean],

Qertel, T, Hutter, F., Helbig, U,, Sextl, G, (2014), Amorphous silica
in ultra—high performance concrete: first hour of hydration,
Cement and Concrete Research, 58 131-142,

Park, SH.,, Choi, JH,, Lee, CY., Koo, MS, Chung, CW. (2022),
Investigation on fire resistance of high—performance cement
motar with recycled fine aggregate mixed by two—stage mixing
approach, Journal of Korean Recycled Contruction Resources
Institute, 10(1), 23—29 [in Korean],

Poon, CS,, Shui, ZH,, Lam, L, Fok, H, Kou, S.C. (2004). Influence
of moisture states of natural and recycled aggregates on the
slump and compressive strength of concrete, Cement and
Concrete Research, 34(1), 31-36.

Schimek, M.J., Kasper, T., Humer, HM, (2023), Critical review of
the recovery rates of construction and demolition waste in the

255 =27 20234 62 103



Ao
2
El

European Union = An analysis of influencing factors in selected

EU countries, Waste Management, 167, 150-164,

Wu, Z, Shi, C, Khayat, KH,, Wan, S, (2016), Effects of different
nanomaterials on hardening and performance of ultra—high

SLC. (2019). 2018 Sudokwon Landfill Statistics Yearbook, strength concrete(UHSC), Cement and Concrete Composites, 70,
Sudokwon Landfill Site Management Corporation, 2434,
LicAl2|7t 2UE0| M2l71E ¥ D250 D|IRYS SUS 484327 1Zx = FEx R2EI2Q| HstH
dsoll o|xl= g

S0l ME = EM MEY SUHE SHe=

= PN 4 09l =2ds =46
RSO 128 SR HE/IsES mefstaxt oIt AfIE, 42|71 & JEAEHJ 0l22s gRret =28
M| 0.2 AHIE H2EF20], L=d27IE F712 2)cta 0[Q] XgtES WefA7, Uea2|7t 29T Habt aEttExy
H2F29] =4 Helof | 0Xl= Fes ST, Al MA Al 2 RIS Lied27t 24t edE 2l
St Xe[eh At Lieale7t +8Us EE06IRL, U710 2YES 1 %/IK| HelAH 2262 Z29, 858
X Y=ol HalE GO AE 2ol MaH, LHeAd2|710] EYE0| S/IErE REE2 S22 A,
UHe22|7H /S 075 w7iKlE 2YES 528 35582 dacll Y5dEs S76IMeH, RIEE 1 %0M= S5
9l &5 X Y=ZE9 Mot HEE|0, LI=A2|7t 2-E 0.75 %7t ds ZHSE flol 71y Haet =Y HI8 As
I 4 AR

104 vol. 11, No. 2 (2023)






