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Hydration and Mechanical Properties of High-volume Fly Ash Concrete with
Nano-silica

Soo-Won Cha', Geon-Wook Lee?, Young-Cheol Choi®”

Abstract: Recently, as carbon neutrality has been important factor in the construction industry, many studies have been conducted on the high-volume
fly ash concrete. High volume fly ash concrete(HVFC) is usually made by replacing more than 50% of cement with fly ash. However, HVFC has a
disadvantage of low compressive strength in early age. To overcome this shortcoming of HVFC, improve this, interest in techonolgy using nanomaterials
is increasing. Nano silica is expected to improve the early age strength of HVFC as a pozzolanic material. This study investigated the effect of nano
silica on the early hydration reaction and microstructure of HVFC. The early hydration reaction of HFVC was analyzed through setting time, isothermal
calorimeter, compressive strength and thermal weight analysis. In addition, the microstructure of HVFC was measured by mercury intrusion
porosimetry. From the test results, it was confirmed that nano silica increased the early age strength and improve the microstructure of HVFC.

Keywords: Nano silica, Fly ash, HVFC, Cement composite, Filler effect, Microstructure

1.0 E oA Z A5 o] k. AT o Al= 7] A
ol Al BlZA FENE FAIs] wliel dto] EF FetolofA

A2 Q0 4k Wb} Mgk An 2 3| FH T 24 4o v 27 4= 2 o] 2ATH(Sahoo et al., 2017(b);
ME A FTHE AT ATV F /A H A ATk o & Slal o Obla et al., 2003; Copeland et al., 2001; Das et al., 2012). ©] 2]
et A sl thE A7 A low, FetolofA SHHVFCS] 271745 A A &3 1ekstr] 918l Zefolof

(FA), T2 &7 v]EE2HGGBS), 2 2]7} #(SF) 52 tA Ao 24, slehA &3}, Z1AIskeHA] Al 2 A A T
AH E A 8(SCMs) ] AR8-o] =511 It} SCM2 YRS o] B2 A7} o] Fo| X L U Th(Paya et al., 2000; Qian et al.,
O 2 AHES} A AMEE uf, ZZT HESof oS AN E & 2001; Babaian et al., 2003; Goni et al., 2003; Wang et al.,
A o] FEA Aol 7]ofst= AL E A At Prakash 2004). Yang et al.(2021) > A 2]7} F2 Na,S0,7F &4 3t=
etal., 2022; Sahoo et al., 2017(a); Bagheri et al., 2012; Sensale, slo]| -5 Zo}olojA] E2IF E0] YT HL ¢ L& #|38}
2006; Giner et al., 2011). A3 O Ao e £4o] Qltiar R g
% FeolofAle Fe w3, 75 A S T F o= ato] BF SetolofA A ES] 271 = 7hA
o2 AMES] EFAEEA de] ARSI Sl 53] ATLe] YO Z i A S ALLSI] AHIE A A5 A
Zetolof A& ThEF X8t sto] EF ETtolofAl 2AYE & NAsHE Aol tisk #alo] ol th YukE o E
43S = s AMES] 315 71Eskekal, mATRE Al
Y= Qrt. stolEF Eetolof Al ARIES] AR o] G5A e TS AT A7+ A7 o
o 247 2 wiES AT, A EARESY AEE S (Chuah et al., 2014; Du et al., 2015; Li et al., 2004). 103
B Uie &A= Thekst BopollA 343 2 st

4319, ST BB} my

2489, 7)ot B2 84 2alv) A Al AT 53] Ui AZTHNS), o]4ks} Elolehg 5 S E
A3, 7P st RS g A Az B ML+ Jde e AsE SHIYH

*Corresponding author: zerofe@gachon.ac.kr
Department of Civil and Environmental Engineering, Gachon University, 1342

(Silvestre et al., 2016; Wang et al., 2019; Yesilmen et al., 2015;

Seongnamdaero, Sujeong-gu, Seongnam-si, Gyeonggi-do 13120, Korea Senff et al., 2013).
B =5 g 152023 1€31¥ Bl FAH w =) =
ANl Tt b R 1% v ek QA 217} sl nAlske 2Ew

2023 29 5ol EE2EAE AASHSUT

Copyright © 2022 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

112



Az 548 7H L e AREA, 83ld A7k Z&o]
ARE k3ol A A == ksl REg-ste] 7}
ARl L AA | E F31E(C-S-H)= st A= Id
o] 7] $FoK(Li, 2004(a); Kong et al., 2012(a); Kawashima et
al., 2013(b); Ghafari et al., 2014). WehA U AE)71E &8
sto] Za P Eof g B2 A7 28 = a1 Qi

sHANE Ui A g7k S38ks 5430 Qo] AIWE mE
Y2 YollA HeF &5 IS 7FsAdol 7] vl e A
27t 42 8% ZAE A AXITHLiu et al, 2022).
Wu et al.(2017)2 145 2 EANAM Y A7l £
1 % AHE-3HH AH E m| EE 2 Ato] o] AlH AE-S A1
T UAR Y T2 AL 238 AeS AaAZE 7 Aok
Haugoh

o] Aol B4 Ui AE|7lrt gto] EF EetolofA] 2
A EY kgl n|X]= ekl tisl 2Aksk= Aolth
SR OE % AT A WA 98l Ve Helvt dE
M-S Azt sto] EF Feto|ofAl Ho|2Eof A-8-31%

o} F8 A5E Ui delrte] £9 ol Sahilg 54

|
: M Quartz © Mullite
.‘
bary . |
3 o ' N
& v
N R e o
@ Cristobalits™ <k}, " © " FA
c TN ~A \/’\—l\—-_l-‘,_ ~
2 o R
T | T
"""""""""" sic
______________________ SF
A\‘ NS
10 20 0 50 60

3 40
Two theta [degree]

Fig. 1 X-ray diffraction patterns of OPC and FA

Table 1 Chemical compositions and physical properties

Chemical Compositions (%)

OPC FA

CaO 63.2 9.93
SiO; 20.2 50.5
MgO 2.7 1.5
AlLO3 4.1 243

SO3 1.4 22
Fe;03 3.6 3.6
NayO 0.1 0.9

Physical properties

Density (g/cm’) 3.16 2.32
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Fig. 2 Particle size distributions of OPC and FA

Fig. 3 SEM images of NS (x 50,000)
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Fig. 4 Penetration results of specimens
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=23 Al71E Z42E 15.85, 11.03 holth Ui Aglzr) &)
H Al@ A7} Plainol] ¥l8ke] 3] 3 Y Al7ke] 744319 A,
9] A7)& 7 ke AEE BTk

Fig. 5(b)Z5E] 2744 Plain, NS059] +27] Td &k B4
3}, 423} 7138 48 A1717HA] NS05+= Plain X .t} 2] ¥t o]
Al F7¥attt. ol Ui A7t YA 53} 2700 Al
T3] F7HAQl & A A& st 3} FxlET
B3 Xi et al(2020(a)) A7%12] A7-A 72} Y| gk

= F7)9] JAE 711 v AE]7R=Fig. 60114 2= nf

9} Zro] 27| A o A Al E A} Alolof] =15 9] Al
WE Y Ro] #2291 57 A5 YeRAT] o) = BN 35S
BH 0 & AAste] M EY 0] thadS AN A M EY
2:0] WAL AT 4= UTKX et al., 2020(b)). Pacheco-
Torgal et al (2013) 7L Vi 7S Hrlshd 227
E R 2g 2o Yy 727t 4 A dsfizivtal B gk

=3 Ui AE)g) A AME 27] 8lagell A 473}
ARES] WS A O B2 3 AHAE ASTFZHN Al
HE F3Hk-S ZXAIZITKFig. 7). Y 287t A= |
S HEHEA S S8, 3 A AAGE C-S-H AS vis A7t
dAke] | A o8 FHAZITE C-S-H 22 e A
27h A Al F2E FHE AFE 43} Aol 2 X te]

Mo

\.Ol'
_{

=y

Cement particle Pore Hydrates

Cement particle Pore

Hydrates

Nana SiO, particle

(a) Normal cement composite (b) NS cement composite

Fig. 6 Filler effect of NS particle (Xi et al., 2020)
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