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UPV Prediction Method on Compressive Strength of High Strength
Concrete Mixed with Non-Sintered Hwangto at Early Age
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In this study, the mechanical properties of high-strength concrete according to the substitution rate of NSH(Non-sintered Hwangto) as
an alternative material for cement were measured and evaluated. Through UPV(Ultrasonic pulse velocity) analysis, the compressive

strength prediction equation was proposed, and the substitution rate of NSH was set at 15 % and 30 %. The evaluation items were
compressive strength and UPV, and the curing period was set to 24 hours. In compressive strength and UPV, as the NSH substitution
rate increased, lower strength and lower UPV were shown. In addition, the correlation number(R*) between compressive strength and
UPV was 0.99 for NC(Normal Concrete), 0.97 for NSHC(Non-sintered Hwangto Concrete)33-15, and 0.94 for NSHC33-30.
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1. M B 100 % AIESH Z32|E O] 2¢f HIg0| =24E "2 4 Y
Slo| Asrg EOIE o= 30111 QICHChoi et al, 2000; Lee
I3 ZHE20| 1Eslof w2t nZE 232|E0| &20| ELf 2010; Heo et al, 2014), 0]2{3t AL BlE7} 21t Bt S 1f
g1 e, ol MHEL AEHE S7HAA B2 CO; HiEZ YR+ %X'OWOI o 6 %2 HMXZA TINO0| YO{Lt #HO
9| E7tofl thet a7t sdst =l U Stz Z=LBI0] Motzh= M0l oJst 22 EuEn QIrt
ANHE AN = 8-2 oF0| CO,7} HIE T|H(Olivier 2022) (Kang et al. 2008).
AHIEQS| AE8S XMat7| Ko AMUA M CHYSH SIS 0l2fet 232|EQ H2 A LU 744 Aikdol UM =
Selatn QUCHLee 2010), Ofofl whet AME ChA| X0l Cier A 71 AZ HAoll 0f? 2 FES & + Utk Eol, MBS e
7ot &k 2EE T Qlon, O & 1B B0l HEQ| AR STl 2321E 2 U BIh= 01 26, 4 U
71E 2R RARRE HES JHKD U0 O AIES fltt TPt Hx 0[R01E 4= AHEE 82 59 Xfch= 0[o1E 4
HIF AR FIBHE|ACHChoi et al, 2000; Lee et al, 2010), RACHKIm et al, 2018), YEE =8fet 4 LPHQl Z32(E O
SIEE HIE MAFA| O AX] AH|7F A9 gl XIEHS] 2F10 % Hl H2 Z& Yol 20[7| 20 2ot HFX0|1 Hetet Hot
ARG QU01 Mz FS0l E0l6tCh= HHO| AL AIHIES 7t HsiCt EEAED
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(Pyzsniak 1968; Shariq et al, 2013; Lee and Lee 2020; Kim et
al, 2022), 1L UPVel A2 M=ol S2|1Hel E40f w2t CHE
Ag0] LIEFLEZ| w0l 7[E2] HMetE x7| THFoIMel Z= of

gioh Z32|E0| H8Y 2 Cia Holg!

I
H
2
o
jor
HII
ju
ol
Q'M

I
i)

7Y UCKTrtnik et al, 2009), 0|2 2k Z=7| HZH|
M ZEE 2got 232|EQ| Felot 4k HIIE Rl 85
20 2 Ci42f HI0|HE HIEECRZ UPVRIS] IS
C, wef 2 A0z =71 THZoilM uPY
YEE ANHE X MzzAM 280t 1dE: Z32)
245! FUhol| et HTE elicICt ZE9 42 BA
FXlof Al KAM FEE
S HH S Ae X gEEM Ay IEE AR
NSH(Non—sintered Hwangto )% AESIFOH(Lee et al,

CAfOIlM H|Z=oke HEE A

il
i
+

o

FO
N
39

om pe
:Oll__l

H

oN HJ|0 MUl

=

I
S
=
io

ro o0f o~
m

OH
;§
o

o
rE

2. H A H Y

)
>
o

Table 10f 2 G429 A AES LEIC AEMe 232
2 MHGIFOM NSHO| SR 0 %, 15 %, 30 %= AL
NEiRIQ U4 71712 24AZI0 2 Mo, 5 g2 o

o o~ =]
£Z=ot UPVE MHSIUCE

Table 1. Experimental plan

Contents Detail
* NC (Normal Concrete)

Conerete ¢ NSHC (Non-sintered Hwangto Concrete)
Ratio of 1 o, 15 05 30 9

replacement
Curing 24 hours

Mechanical ¢ Compressive strength (MPa)

properties ¢ Ultrasonic pulse velocity (km/s)

22 Hel M=

Table 20 &2 70 AR E AY M=ol 2 E4S LIER
Ot AMIES 2z} 315 g/em®, 2L 3200 cm?/go|Ct
NSHE= 2E 250 g/em®, 22E= 3300 cm?/go|C}
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Table 30{A}= OPC(Ordinary portland cement) %! NSH2| 3}

=

3% ENS L

tERRC,

Table 2. Physical properties of materials

Properties | Cement” | NSH? Coarse Fine Admixture
aggregate | aggregate
Density
3 3.15 2.50 2.68 2.54
(g/enr’)
Fineness
2 - -
(cme) 3,200 3,300
. Polycar
fnlzzﬂlelj: . . 7.03 254 | boxylic-
based acid
Absorption
%) - - 0.68 1.6
Max1mum ) ) 20 )
size (mm)
1) Cement : Ordinary portland cement
2) NSH : Non-sintered Hwangto
Table 3. Chemical properties
Chemical composition (%) OPC NSH
CaO 60.34 0.93
SiO, 19.82 40.0
ALO; 4.85 329
Fe203 330 779
MgO 3.83 1.54
SOs 2.88 -
K0 1.08 0.76
Others 0.86 16.62
L.OI 3.02 13.7

2.3 A g

£ NC(Normal Concrete) & NSHE Z&!5t NSHC(Non—sintered
Ef2

o] Z#2 =Z3a|E

Hwangto Concrete) 2 E3&
oF Yot AldxolM A
e A2 S M A § %EOH Y= orCh NSHQl il%
HIE22 15 %2} 30 %= MAGIFCH W/BE 33 %2 A
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Table 4. Mix proportions of the mortar and concrete
Specimen MIX ID W/B (%) | Sla (%) W c Unit Welilg: ;1 (kgfm) S G
NC33 165 500 - 711 961
Concrete NSHC33-15 33.0 43.0 165 425 75 705 953
NSHC33-30 165 350 750 699 944
2.4 A g 3. A At
Table 501 A8l 2H=HS LIERHCH AEA|Q] Wote =7| 2ZA
712 DB UELES 6AIZIIN 20t 1200 151 = 31 =71 THB0A] NC2H NSHCS| RS3E
HE SIQUCE UPVE BAIZHOIIM 12A[Z7EX= 30201 18] S5t Fig. 20 NC2} NSHCC| =71 ol Mo| LY=L= LIEHCT
RSO, 12117101l 24AZt7EK]= 60201 12|14 ZHGIUCE, 22 QfZ=Z4 o] WIH= 3740 AEH|O| UEAEE =Y 5 A|MGH0]
Et29| Z9= UPVEI ZHJoH, Mol 22 232 EQ 5Y HAR|2 LIERCH
ShA| Tleict NC 2! NSHCO| UEZE= 10A|ZI7HK| SAKGH e&izl= 7
UEZTE= KS F 2405, UPVE KS F 273101 2t Y51t S E0I5t £ QlCh SHXIZ 12A[7H2E NSHC33-302 NC330f| H
Fig. 10l &8 ZA=E LEHCH, UPVE SHY I AEX 2t 5l 34 % H2 Z=Q1 35 MPaZ LIEMHCH NC331F NSHC33-15
BEA ZHo] Padet ES sl “Vacuum grease’S AFESH0] £ 16AIZI7IX| 242} 10.8 MPa, 10.5 MPa2 SAISHA| 23 Z(Rio
s o L}, 20A|ZF2E] NC332 14.4 MPa, NSHC33-15= 12,3 MPaZ Lt
EHHTHM APt AXE A2 SR,
Table 5. Experimental plan AR HEEIS EFS & 2 Ql= E|A QEIILO| 5 MPaE EE
Materials Mechanical Measurement time St A|ZH2 NC2F NSHC33-15= 12A1ZHO. 501l A 5.3 MPa®} 5.1
properties 6 - 12 hours | 12 - 24 hours MPa, NSHC33-302 16A17H0.672)0IM 6.0 MPaS LIERICY,
Compressive 120 min. 120 min. Mg 24A17F OfLHoll AldA| 25 5.0 MPaE UBISIAH, AlH
Conerete | _sueneth (V%) E Ol MERA NSHO| XIER0| B7184E 9% 2ol wH
(OPC, NSH) Ultrasonic pulse 30 min 60 min L _ ~
velocity (kmy/s) : : 0] RHEICH= A & 4= RUCE OJAE NSHIt AIHIE Z7| 3ldt
Mortar Ultrasonic pulse 30 min. 60 min. 2 = LSME A0 M7 22 Y= filler 2117 O
(OFC, W8TD | velocity (ans) 2 2{02 WOICHXu and Van Deventer 2002). [t HEZ
EHS AHE 100 %2 AF2SH NC2E NSHCRF SSH A
HIIE Zltiotcte Feket e 2eiA|7] o =0] ofZctn e
— Pulse Generation Circuit Time Measurement Amplifier — E‘—|E|-

Circuit

Display Unit

\'4
A\

Transmitter Receiver

—

Fig. 1. UPV measurement schematic diagram

3.2 7| MHoAe] R2EI=2Q} E232|E UPV

3.21 7| 1HE0Me| Z2EIZ UPV

Fig. 301 NM(Normal Mortar)2t NSHM(Non—sintered Hwangto
Mortar)9| UPVE LIEMH Zd0|Ck Z=7] UPVOIM NM33zf
NSHM33-302 At £E2 LIERHOH NSHM33-15= NM33
CHH| 30 % S 2201 0,60 km/s2 7}EH S| LERT) 22iLt
UM AlZt0] AukotHA NM332H NSHM33-15= SABHA|H 4~
ST} 710 &2 UPVE LIEFH NSHM33-302 24A1710] S
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Fig. 2. Compressive strength of NC and NSHC
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Fig. 3. UPV of NM and NSHM

m =712 2 Xf0| 80 F2 712715 LEIH M, NM33 Ch|
12 % 22 222 km/sE LIEFLICH NSHM33-309] Z&ke AHE
38 & pelEE MOl 353 NSH7F AR B=7t =0/
X710 W2 UPVIF BrEiCt T THEICKFan et al, 2014; Kim
and Kim 2016),

3.2.2 =7| MEoAMe E32E UPV

Fig. 40flA= NCQF NSHCO| UPVE LIERHCH E7(0f A
NSHC33-302 NC331} NSHC33—-15 CHH| & Hi 0|AQ] X022
U= =2 UPVE LIEHCH AlZt0] ZotetHAl NC331t
NSHC33-15= 712717 S A LIEFACE 22{Lf NSHC33-30
2 5 ANEHQ 7128712 CiEA| +Eote 4TE ERSM, NC33

CHH| 14 % 22 UPVE E0F1 QICH NSH X|&2t20] 71 =2
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Fig. 4. UPV of NC and NSHC
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Fig. 501 AlZ+ Zofoll 2 R2EI29F 232|EQ| UPV 2
H|LSH J2HDE LIEMYCH B2EI2= 0.6~2.66 km/sQ| UPV
HOIZ LIEfHOn, 232|E= 0.76~3.46 km/sQ| UPV HQE

LIEfHCH 2262 232|E ] 32 % ZU2H, AlZHo] &
ool wet Z2Et29t F32|EQ| UPVeE 25 S7fok= Ae
ALt 9 JefIolM 22E27F Z2F2|ERC H2 A2 S0l
T|ICE 0[2f8t ZE2 232Ex 22E2et E2l #S 27t
ZSg)7| 20|zt TEkEICHBen—Zeitun 1986).
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Fig. 5. Comparison of UPV of mortar and concrete
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Fig. 6. Comparison by replacement rate

Fig. 60 = o710 D2Et=29} 232|E9| UPVE NSH %|88
HE LIEFRICE NSHC33-302 CHE A™AISH CHEA UPV £
Z7|0l 1.21 km/s2 2 XI0|2 BE0ZFD Qon, 2 I =ojA
Z32|E AEH & 71 2 UPVE NC3322 3,46 km/s0|1
JHEF L2l &= NSHC33-3022 2,15 km/sO|Ch NSHO| x|t
80| HO0E4E UPVE HOMXlE YAS
NSHC33-152 | 4 NC331t FAFet 0| LIEFKICH ofof| wat
NSH2| x|2+2 15 %= 30 %EEt g Moz X2 &S £l

Y=S oIS B 4 UL A2t ©

3.3 UYFLEel UPVY| &lEhetA|

Fig. 701l NSHZ X|2tEl 232|EQ| 27| MFuMY LFL=
QF UPVE| HEHIAIS LIEIKICE TJeiTE LIEHA 2t 20| =
Lot UPVE| ZAIE K48tz LIEFHCE NC332H NSHC33-15
= J{ZE =S AIERI 5 MPaE Zifet= AlZI0] AR =Y
o 2+2to| UPV= 2,57 km/s ©f 2,18 km/sE LIEHACE 12
1 NSHC33-302 16A|ZH M 5 MPaE Z15I¥20 2,68 km/s
O UPVE LIEFRICE, W/B 33 %0l ME AR 7 0,959 2
HotrAL =2 JHAIE LEon, ojof met 1d= 220
MO NC@t NSHCO| =7| MZHoMQ| YE=H=Z UPVE 0| =0
Jtsotcta HEEL,

Table 60] Ml HAXFS(Demirboga et al. 2004; Turkmen et
al. 2010; Le et al, 2018)2 7|& AHIE 23z0| YEUEe}
UPVO| AttA(ofl thalf S5 R2Fst0d LIEFRIC Fig, 80ilk=
M AR Xt ols2dn 2 AT NC33:

r

s

NSHC33-15, NSHC33-30] 015 B 4| ()2} (2), (32 12f=
2 LIERICY,
50
——NC33
R?=0.94
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- - ~NSHC33-30 !
II
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Compressive strength (MPa)
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Fig. 7. Correlation between compressive strength and UPV

Table 6. Prediction model of compressive strength of existing concrete
mixed materials

Researcher Replacement ratio Predictive model
Le et al BFS 0-60 % Fc=1.82xe 7P
Turkmen et al | BFS 0-30 % Fc=0.0301xe!" VP

FA 0-70 % Fc=0.0142xe VP

Demirboga et

al| BFS 50-70 %

Fc=0.0049x¢>"V»

FA+BFS 5-35 %

Fc=0.0018x¢>*Y»

[o2]
o

(4}
o

IN
o

——BFS 0-30%

- - -BFS 50-70%
----- FA 0-70%

— - -FA+BFS 25-35%
— —NC

w
o

N
o

Compressive strength (MPa)

-
o

Early-stage

Strength
(5MPa)

2 3
Ultrasonic pulse velocity (km/s)

Fig. 8. Comparison with existing prediction models
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Fc=0,2837 x g0 0
Fc=0,0026 X %80 ¢]

MAATL| 0| SAT 2 M NCE £3T &5 2.8 km/s0f|
S [l BFS(Blast furnace slag)Q| x|2tg 0~30 %Q! of
= DEI2 oF 224 W2 USFLEE LEMICH, BRSO X[2=0]
50~70 %21 OIlF ZEE OF 4341 W2 USLTE LIERICE
FA(Fly ash)9| X|2tg 0~70 %! OISAInt FA+BFSO| X|2ke 25
~35 %21 0|54 ot NCEDH 2 UFRLEE LIERICH 2 A

A2 Saoff MAIE olsAla 7= AHE S3IT= 9| o|SA10] M
2 A0[et Zutvt Jefmol e, 0|4z 232|E0] A
ot F2 SN 72| X[0] 20| M2 CHE ALFATE LIERT
11 THHEICHCho et al, 2000), G9std EMOL x20F £ 2= T
H Q01 2tAX Q0101 Sfol| T0| AO[HEICE, wathf 4&] HE
o2 AVIE ol S8t YoM =71 Mol el A7
7FNSHO| X|2hg #0t OfL]2t =X, LM = 52| Ciker 2740
CHal O|F0{A0F St THEFEICE

4.8 2

2 G014 W/B 33 %0 NSH X|220] 12 232/E9)
UBUT U UPY TJH AE 5 ABIAS S 1S 22 22

= gk

. 27| MEOIME] LY=L= 10ARIII] SAGH LH=IUS
LE 12A[ZHFEf NSHC33-300] NC330f ol 34 % = 2ol

2. AlZh dojof w2t B2Et29F 232|E9 UPVI 50Xl A
2|E CH] 32 % SAH| LIEHE
o2 & 7oz HCHEC)
3 2E ARY €Y L0l 5 MPaE Zitot= AF0IML Al
I} UPVE NC33Q1 AL 12A1Z2101| A 2,57 km/s, NSHC33—-15=
12AIZH0 A 2,18 km/s, NSHC3-302 16AIZt0f| A 2,68 km/sE
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2 AJNA= 7| XHZo A NSH(Non—sintered Hwangto) X|2F20]| (2 12T ZI2|EQ| Hetx EMS WItsICt
NSH2| X[ZHE2 156 % 3! 30 %= AEICE HIt =2 LSAE=2} UPV(Uitrasonic pulse velocity) 2 AESIUCH, ZIEH
O UPVEAMEZ ol AL oIS YHAZ NOIRICE UFHE2! UPVOIM= NSH X|etg0] E7fedeE J2 4=
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