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Lee, Tae-Gyu In this study, the mechanical properties of concrete mixed with non-sintered hwangto(NHT) as an
Tel : 82-43-649-1315 alternate material for cement were evaluated, and the compressive strength prediction equation of
E-mail : concrete based on ultrasonic pulse velocity analysis was proposed. Cement replacement rates for
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mixed NHT were set to 0, 15, and 30%, and design compressive strength was set to 30 and 45MPa to
evaluate the effect on the amount of cement and NHT powder. The mechanical properties items
analyzed were compressive strength, ultrasonic pulse velocity, and elastic modulus, and were
Received : November 15,2022 measured on days 1, 3,7, and 28. As the replacement rate of NHT increased, the mechanical properties
Revised :November 28,2022 tended to decrease. In addition, as a result of analyzing the correlation between compressive strength
Accepted : November 30,2022 and ultrasonic pulse velocity, the correlation coefficient(R?) showed a high relationship(R*=0.95) on
concrete mixed with NHT.

Keywords : coccrete, non-sintered hwangto, compressive strength, ultrasonic pulse velocity, prediction
model of compressive strength

O

-

1.M 2
A A AAR 02 LU0 WE ] L= S H o4 715 50 BA o] thFH I 9Lon, o] 2 st 15
RS2SR B B D A 58 B LA/ A A13E 710l T UrH1,2]. 531, 74 AFeIAE A
7 53 9]

%
E ARgol 2 COE-S Hehet 457 918 @77k oS Qlek ARIE 24 TPFel A WAISHE 247kA0] B9
A2 7k WhEere] ek 10%2 AHAISHE QLo m, AHIE 593k AAA 02 Ha 5715H FAlIeh3 4L webA

A b H A Fee AE tiA Az E-801e] 2A7IAE AR 5 e Tt A7 s = E AL 9
A

Tr

r

= =
6], AT F 10%0] BESLT Q= FBEA F50] Golstrh FHeo] Lo, | F-8 S5t 4R ALY 2
AF2Q) Eefolol4] B MRS L St AR H1SE 2 HCH7) Betolol4] B MRS T S| 4 BAHEe] S

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
By No by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2023 The Korea Institute of Building Construction, All rights reserved.



Kim, Jeong-Wook - Kim, Won-Chang - Kim, Gyu-Yong - Lee, Tae-Gyu

rok

Ze] Ao oJet ZER Rk ot A, U4 5] 3 At Qi 7] = 283t Aol A= ek dRol &
N EEA Lgo] 7HeT A 0= dSE o] fEAS =9 SAFES SR A7 wol o]Ro|Hrhs]. T1=uE, S48
EO] A9 A TgollA TRt 2ATFATE HiEE] 7] w2l & AellM= A A7 FA] o] ZA Bl FENHT,
Non-sintered hwangto) S A|HE thA] Az 2A] -85t ALE P51 th(Figure 1 FX).

¥l

7]1ENHTE A E tiA] Az 2 A S8t A Aifof| w2 W NHT 2| ghgo] S71etol whet oA o & W whe] AJHl
Evpo] GgEo 2 e ThelEer Wo o 8- 45 W 9 50 B8-S BArH]. Web A, NHTE £33 230
O] B¢ Alg B Al B GAlo A o] 2 A 5 2] QHAAS mhetsh= Aol Fastrhal kT ofof B A & Aot
£ £3F 2AES] 27] YA YHPZ @ w7kl Ze] et ol MEA] Bastel ol vlgro gl
AR AR 4 9l ZRAAE AT WAt ik, ofefd Al ek Bk whlA g0 2 uletshs o] o
S| cheel ot AT zel ofet Ul oERLA BATHIE Slelel ] SIS Hinks) B2 T 8ak ol 2ol
T} Figure 2] 7]& A7ARS0l ofsf Aot 253t Se¥2 SR AT o5 e Yehilom, AR Alm 9 4= #9
of whet Aol FEi 2 UEh7] whizoll, B & o] NHTE 9t 238 E Zk o & Hdlo] A|jbw]ofof fhrfar wheh
[10-14]. Wb, 2 AFAE ATHIE tha)] AR 24 NHTS S-8510] G518 S40) a0l 9718 sastgon, 28
v} &S S8lo] NHTE B8 232/E0) 2= dl2412 Al
60 || — AL phin
——— J.Pyzsniak el plain
—_ = — G. Sua-iam_limestone powder
R e S. K. Rao_fly ash
< Lee. el_plain V4
0 P4
£ aay
3 ‘E 30 // “
~ ] s
%:o /// /
4 0
“ 1 2 3 n 5
TUltrasonic pulse velocity (km/s)
Figure 1. Non-sintered hwangto Figure 2. Previous prediction model of compressive strength

on concrete by ultraosnic pulse velocity
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Table 1. Experimental plan

Contents Details
Plain concrete
Concrete .
Non-sintered hwangto concrete
Replacement ratio of non-sintered hwnagto 0, 15, 30%
Deisgn compressive strength 30, 45MPa
Curing 1,3, 7,28 days

Compressive strength(MPa)
Ultrsonic pulse velocity(km/s)

Mechanical properties
Elastic modulus(GPa)
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Table 2. Physical properties of the materials

Materials Properties
Bind Cement Type I ordinary Portland cement, Density : 3.15g/cm?, Fineness 3,200cm?/g
inder
Non-sintered hwangto Density : 2.50g/cm?, Fineness 3,300cm*/g

Coarse aggregate  Crushed granite aggregate ~ Density : 2.68g/cm?, Fineness modulus : 7.03, Absorption : 0.68%, Maximum size : 20mm

Fine aggregate River sand Density : 2.54g/cm?, Fineness modulus : 2.54, Absorption : 1.6%

Super plasticizer Polycarboxylic-based acid

Table 3. Chemical properties of cement

Chemical Composition(%)

Materials 3
CaO SlOz A1203 Fe203 MgO SO3 KzO Na20
opcY 60.20 21.60 5.15 3.30 3.30 1.50 0.99 0.53
NHT? 0.39 40.0 329 7.79 1.54 - 0.76 -

1) OPC: Ordinary Portland cement, 2) NHT: Non-sintered hwangto
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Table 4. Mix proportions of the plain concrete and non-sintered hwangto concrete
> o 3

MIX ID (1\/?1:31) w/B" ?ﬁ; ) W o o w;iﬁs()kg/m ) o G
PC30 165 400 0 799 956
NHTC30-15 30 0.41 46.0 165 340 60 794 950
NHTC30-30 165 280 120 788 943
PC45 165 500 0 711 961
NHTC45-15 45 0.33 43.0 165 425 75 705 953
NHTC45-30 165 350 750 699 944

1) W/B: Water/Binder; 2) S/a: Sand/aggregate; 3) W: Water; 4) C: Cement; 5) NHT: Non-sintered Hwangto; 6) S: Sand; 7) G: Gravel
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Figure 3. Ultrasonic pulse velocity test
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Figure 4. Compressive strength on plain concrete and non-sintered hwangto concrete
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Figure 5. Ultrasonic pulse velocity on plain concrete and non-sintered hwangto concrete
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Figure 6. Elastic modulus on plain concrete and non-sintered hwangto concrete
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Figure 7. Correlation between plain concrete and non-sintered hwangto concrete
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