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process, were considered. Moreover, a concrete test was conducted to validate the possible error
Received : December 14,2022  factors. Consequently, it was confirmed that estimation errors in the water content of fresh concrete
Revised :January 19,2023 can occur due to sample deviations arising during the wet screening process for creating mortar
Accepted : February 2, 2023 specimens or deviations in the coarse aggregate sampling quantity during the sample collection process.

Keywords : water content of fresh concrete, formula for water content estimation, microwave oven
drying test

N
N
9,
i)
(%]
T
S
e
2
Ll
ru{m
E?ﬂ
ot
ol
2
-

ARG AL GBI BB ARIE, E3b, B4, SSRESH, B E 31521 o T}
9517 2 212k 2] 0 skl 12l 0] lolA i, o] RIS B F 47
Fae|E0] 2 B ole 22te) YAl PRl el EL/1EE 4Ystel A e Shs Yk
7 e 20

N
2
>
rir

%9,
=
ot
=
)

AR AN AHASAL G RAL 713510l ATE]] o] 7 A 0 1AL A

Unl, ZFLoIt AHA] Sl 0E B8] BAH gt oleid AR viFad U BYRAE AN 2
JelES AN s GG HIRch 5, BUS wigoR Qe e EAXek AR Fauslel trebd eHsh
AN S5 23 40] el ghe 2 olek £, ule] A% U A, 28 9 ebdrhy) 5 e £ AHg ]
A RE GANA 2GS Shaste] A7) 917t 79I 928 S 9Lop, o) F BE FE] ol lURE, 7

o oF2 FAIA 5 AU QA EADTH1-3).

T, YL TEDEY TAS 5ol A FaE TRl et 2] ghe RIE UG BAE JRHOR A
). 2 B A2 B9 $FRAR o8 FE o] 2A Helsky 942 % EaelEe] £
BAlel| t51o] 21450 2 =0l 1 gl BT @A BALE B9l GAR: ATH 08 A=A g ek

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.



Park, Min-Yong - Han, Min-Cheol

o
D)
ul
o
}_ﬂ

Ir

o

o £9], AE AN S 2 29At 2 #9322
ge|sh7] wize]l o] AlgellM 232 B F2of Aol 3= 7
L d77t Zsi of=Rt 2AIE ARl HAISH | s e 22
SflopRt 6] olo @A nE S8 AR A T S AEAF 7]
BRE vl eS| mtefd & QA EA = oA Stk v, el
Ao} ] wet o 5] 2A| 27k e 4= e 27E AHT). &
o] FAIZ v AR 2R EAE STt AR ShE 380l B
A2 RS 11 | Aok B, 0] A AR = A€
Aoz 32| E geledto] EAsH EelHA] ¢ 787t RINIsH]
A& G BAs] flsf =A1e] 2] gh= deides
oM A== ZA2ES] THelao] HetekA] et 1,8].
=55l 22 E B ol F2& gRlsto] AlE- 5871
St} ofell @A77 A A e 2 22| E Dolrds
, UM of 2 7HA] Al el tidt =9le A =etHt )lok
2| E wigheixte] #olel whg 24| ¢f2 22 EQ Tl

o

)
|o
fr
=
ol
[\)
(o)
e
1o
15/ r
A
o] 0:1_‘
H
>,
ot
Kot
of
o,
i
o
=)
ox T

e

r

kv

I
oo L g

Mo
=4

o
re
N

o Lo

A

2
1o
olt
>
2
rf
u
K}
ul
=
o
2
S
oo
it o
2L

=AY

R
>
oo
"
rr
]

Ol‘oﬁi_ll-m
— 1o
I oon
= o
i lo 10 2 ol Q& 41 &

rx

off

©,

K

4r

il

52

i)

re
y 2

Bl

o o 1l
w o
e 2
2o
2 o
Lo
oot o

oo o
I
P
1o
rE gd
of
o,

d

=
r
it
i)
eIV

oy &
N
Lot
_O'L
O

o,
rgl
¢
_0|L
K
o
i)
N

|'U>_“4 o2
[¢]
g
g
iy
R
12
rlo
rl
1
)
|m
10
2,
T Q
ox,
2,
o
rE
o,

A 2
o

>
11](e3
4
o
ol
ﬂ'l:‘
ol
Ho
N
N
%9,
=
>
2
™

S
-l
o2

o
)
m
1o
e
9
i
o
>,

o
2
-+
BN
n
o
o2

1o o
|t
oldk
o
k]
R
o 2
o M
iy )
ox 62
o rlo
Jot ﬁl
§ 5
(¢}
e
sk
i)
ko
ox,
Tlo
ofl
re

oL
N
4o
ol
>
_IR‘>‘ r_?_,
>,
el
ok
ot
u|r
o,
Aui
5
=
i
it
9
2
3o
|o
=)

i
W
A
m F
i
©l
:>é
[e]
il
wa
S~
ob
ol
i)
fuk
=
1o
B{{
o,
ol
'l

-

ol L v 4
=2, I‘E o,
e
e
of
ok
2
Jr
i
e
% of
rsk
2
o)
ay
il
T
N
oL
=
lo
b
BN
>
)
2
kl
s
9,
g,
Fo
sk
>
N
o,
k)

e
re
M
)
G2
rlo
ri
ul
)
m
1o
HUBNE
o
>
ot
>
i)
ol
rE
i
ofx
>
i)
9
E
Ko
w
rr
>
N
ro
i
=
X,
N
A
rlj
N
ng
o
offt
:?L_',
>
Fu
>
MHT
&
2 olN

ARPA(KCS) B s AR A= A7 AR

=2 nE
>
N
rr
od,
HlI
o o
1o
i)
lo
)
o
flo
N
N,
]
30,
rr
N
ng
A
Ex
>
ook
ol
o
rlo
M
=
1o,
Bl
N

B
o
gh
ol
0
H
=
Hl
e
ne
re
=2
o)
H
o
ne
o
tlo
ro,
o2
_o|£
[l
%9,
v

N
s
)
Ex
>
ml
ok
rE
o
rf
-
40
ol
o,

B o
X
r
re
Sl
=2
Ro)
rr
Iy
A,
gllo
Flo
rl

SelE o] Belee A oR Ba
o o

o
H
o
o
rJ
ri
ol
Al

A =
1o
=
X

N J}l_‘
SR
o
ol

LR
e
rr
i
R
52
rl
rl
1
A
|m

Mo n&

>,
o
N
2
>
>
m
1A

m(*]
m)
ol
)
T
E
=1

T
1
an
|m
[0}
r
4o
s
oo ol it o
o
_>|~1_5
fo

>,
ool
ol
rE
1o
)
i
=
ok

o po,
> e
of,
£
WE
ll
kl
2.1_:
It ool
lo
i
<L
M
A
§2
rlo
r
1
)
il
1o
i
do
¥
0!
tlo -
o
el
_O|L
)
EL
N
N
st
o
%0,

uiel}
o o_c‘_"]_‘,
re
ujru
i)
>,
ol
kl
)
ot
v

2. - 29 JIEHZ AFUHE FF4

=

Table 12 =4+ 2]9] 719 Al S8t 27 2 2= ES| D9l tPshke 5744 vehd Zlofd.
WA, A = T=r2 A 2 ESS] A4 02 B9l
Z A TR 24 o2 FAERTH 2T2Ye Fol a2 AE AT EEEE AlRE AlAS)
AL 1,700W oo} AAEE S e WA UAE Fl 7HEst e 5 2
A 2E 7hEste Al el vlsl 7Hdshe a I
AlEARRE fiet EEo] QA2 2 2 Het HE2EEE ol 85te 7Tz Al 2] ¢2 SR ERREH F2
=AE AL 7HEste W o2, BER Il TS F2ZA AHF Bkl ofet Al ARE 2|4k 4
Aot sHARE R 2Et2E AlAsl] ek STy dAd Eeddel Z1]lste] AR -, mlH ¢
dzo] me=Ael FatE o] A A B Aol whet A 2 AT AYSH] B, AvbA o 2 Thefeewy 4 @ 2ol FA]
g le Yol S A= A=A AH9,10].

nto] Zhe Az AR o RA 24 gk Eae]E o] [AHSIA|H(0]5F AASHTO T318)ol A= m2etz st of

o
rH



Experimental Study on the Water Content Formula of Fresh Concrete by Microwave Oven Drying Test Method

B E AFE 900W o1’de] A& S 7= AARUAIE B3l 7HEshs 2Fubrta i Al Qe 11]. o] Al
e ZTREARE 7HE6tA, 7HE A A 5o] A= tiv] A ArH]of Az o] D8 HAF =, e g Hol A=
off Zehd T =0 A ARt ok ol 7Hksto] 7Hg &Rt AE-& AIASIAL Lo, MEFAl m2EA Al
F Aol wh2t 224} o5f gho] A7 2tel7t e 4= At

Y22 24| 2 2R ES Dol ST U RsIo] et AR O A2 ASTaL 3o, olFol M 7HE Az Al
2 2 WS AL k. EZFHEFSR|ICH Hald Aol 7HEE AR o= AIIAL A
F 2S5 AR, 24| ¢ AT E ST +1 = H FARE LE}E E% —E’ﬂﬂlii ARgShE 42 A4 AR

Table 1. Estimation Formula of Heat-Drying Test Method

Division Specimen Estimation formula Note

W. : Total measured water content(kg/m’)
M; : Fresh test specimen(g)
M : Dry test specimen(g)
C; : Absorption rate correction of fine aggregate(g)
KCI-RMI01 Mortar Formula W, ={(M, — M) — C, + CLJ}M Cua: Soli(?content correction of chemicilgad%nixtﬁres
(Korea) (1) M
for concrete(g)
W : Water content of specified proportion(kg/m’)
C : Binder of specified proportion(kg/m’)
S : Fine aggregate of specified proportion(kg/m’)

MW : Total measured water content(kg/m?)
AASHTO T WF :- Mass of the tray+fresh test spe.mmen(g)
318 WE— WD WD : Mass of the tray+dry test specimen(g)
. Concrete  Formula MW = (7 x U W) — WT, WS : Mass of the tray(g)
(United States WF— W5 R 3
of America) 2) UW : Unit mass of the fresh concrete(kg/m”)
WT, : Estimated absorbed water content of the
aggregate(kg/m’)
W : Total measured water content(kg/m®)
Q, ) M, : Fresh test specimen(g)

M : Dry test specimen(g)

G : Amount of surface dry saturated condition of coarse
aggregate in specimen(kg)

M, : Q. : Absorption rate of coarse aggregate(%)

M, : Unit volume weight of concrete of specified
proportion(kg/m?)

W,, : Water content of specified proportion(kg/m’)

W; : Amount of absorption of fine aggregate of

_ specified proportion(kg/m’)
Mortar ForTula W= (M, — M) ¥ w W, M, : Coarse aggregate of specified proportion(kg/m®)
) 4 Mz : Amount of dry test specimen correspond to mortar(kg)

W= M — M Gy X ———
Formula ( A 100+ @,

Concrete 3) M~ W, — W~ M,
>< s —

ICI
(Japan)

AZI!2 :]U;_G(IX 1

— Qg
100+ @,

2 7] AFASLS Table 29 2k, W, 1) 9 /K9 AZ A@H O] F 942 Tefstel 24 ghe B E ] Uel5
ool G A0 oAl 99102 HelATAN W BAlo] B4 Aol skt Teln 24 24 )
o ZAgte] Aot 9 GRS BASIA AR A ARG FAA (1), (2), (302 WIS A shrt.
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Table 2. Experimental Plan

Division Factors Levels Water Content(kg/m’)
3 OPC? = 100% 170, 180, 190, 200, 210 5
Binder 340kg/m OPC : FA” : GGBS? =70% : 15% : 15% 170, 180, 190, 200, 210 5
470kg/m’ OPC : FA : GGBS = 60% : 10% : 30% 160, 165, 170, 175 4
S/a 50%, 55%, 60% 170, 190, 210 3
Aggregate
Gmax 13mm, 20mm, 25mm 180, 210 2
a) Ordinary Portland cement
b) Fly ash
¢) Ground granulated blast furnace slag
Table 3. Mix Proportions of Concretes
Target Unit weight(kg/m?)
Division Slum Air S/a
(mm;O oy o W  OPC FA GGBS S G AEY  ADY
170 1,036 756 1.4
180 1,021 745 0.7
OPC-340 210 4.5 58 190 340 - - 1,006 734 0.5 24
200 991 723 0.7
210 976 712 1.0
170 1,023 746 1.9 3.9
Binder 180 1,007 735 0.9 2.7
Ternary-340 210 4.5 58 190 238 51 51 992 724 1.0 2.4
200 977 713 1.0 1.7
210 962 702 2.9 0.5
160 804 877 6.9 4.0
165 797 870 4.7 3.8
Ternary-470 600° 3.0 48 282 47 141
170 791 864 2.8 3.5
175 785 857 1.9 35
170 881 888 1.4
S/a 50 50 190 855 862 2.4
210 829 835 1.7
77777777777777777777777777777777777 170 970 799 12
S/a 55 210 4.5 55 190 238 51 51 941 776 1.5 24
210 912 752 1.9
77777777777777777777777777777777777 170 1,058 711 0.9
Aggregate S/a 60 60 190 1,026 689 1.4
210 995 668 2.0
 Gmax 180 1,007 757 34 24
7777777777777 1 3mm 21 0 962 723 6.8 1.7
Gmax 180 1,007 757 2.4 2.4
20mm 210 43 58 210 238 o o 962 723 5.6 1.7
............. o max T Lo07 o S S
25mm 210 962 723 5.1 1.7
a) Air entraining agent
b) Admixture

¢) Slump flow
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F3 ) E wjgte] Al FioA 55 ZEME AHE(Ordinary Potland Cement, ©]5F OPC), Z&to|ofA](Fly
ash, o|s} FA) @ 11252 10| 2 (Ground granulated blast-furnace slag, ©|5} GGBS)% AFg5I o, Askale] FLAIH]
7} A2 or2 2714 vl gl o sl ©h9l==F 170, 180, 190, 200 H 210kg/m* 2.2 5550 & 1081 2] o] A Ujufig-a ¢S A A5}
aArt. T35k AsHfeko] =11 The)4gfo]| Lk A0 o] tf5l A AT E Slol 0}7] o8| Ak 470kg/m3_°_§_ A A3 H)
o] T4 160, 165, 170 E 175kg/m’ 0.2 F- 4uljz] o] AulietA S Zagsetsint. T3l 719 ax ol A== 5
A0 AL ol A Aol b F2E TS A e{ote] ZHEAE(S/a) B A=A H A Gna) B2 oA
At S AAstt &, JFEAEo] A= o2 372 vl thell ©hel4=eF 170, 190 9 210kg/m’ 2 2 34-52] £-9
HHX]Q} ? 222 ] H 257 A= o2 3712] el tisl ©-914-5F 180, 210kg/m’ O & 24=52-2] & 68 2] <] Al

o]of] wh2 F212) E HiEHS Table 37+ ek, Wi A ASleh BE STE U B F7|2S DS S HES A
o] 7 Flolo, o] theh Bk YL 51§-03H- 10mm, BE F713F0] 51§07 £1.0% 2 Fatark. ol 42t
o) A LB 7paA R ofgh2A) S B E Tl 2 A Bet Hsts] Brlel] 918t AR 0 2 A

3.2 3y
A e gl 2

BA (1), (2), Q)= sl AFEE Ao WS Aol SLe =2 22| &
=5 At 7Ha xSkt 24 57 R A= 0] 7HA 2E sl AlAE -2 A IAE o
Ax=E ol 8R 7HAA TS AltstaL Qe m 7HagH] o] Aleke] mhet 7FE Az o 87
ot 7tEZAZE Aol mhE AT EAE 4= Lo, S Aol Qs A= A
T olof & AFolE A 2folof whE 2] > EH2E Tele TN vl Ao 2He t
Az AFEE= HE = U KCI-RM101914 AIQFelal Q= BAZEE 1,700W 2] A QIAE o83 Fuprtdix
gralo @ ol a%ﬁ}cau}. ol¢} peisto] Figure 1-& %x] %%ﬂﬂEJ DH#EU Tlé% ol & o] AAIFE T

n."T' [4001Y g & #7)f EIE]

Figure 1. Flow of Microwave Oven Drying Test Method
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Table 4. Experimental Method with Microwave Oven Drying

Formula for water . Additional Specimen Microwave oven
.. Sampling . . . b
content estimation processing Type Amount® drying Time
Formula (1) . .
k; M 400+1
(KCI-RM101) Skg Wet screening ortar 00+1g 6 min
Formula (2)
(AASHTO T 318) .
Skg - Concrete 1,000+£25¢g 12 min
Formula (3)
JCI

a) Two specimen each
b) Time required for one specimen

Figure 2= 32| E AR T, 2P 2|k 2 AotAlo] wistol uhet uitet F5.2] E o] chel-adat - ufiehd Al
25 IFIFAATHE G837 FG4 (1)~(3) 22 4P H o9l A A Tho] ATHAIE Urepd Aot
WA, 2h2he] A1 2] ohE TheIAee Al QA vl S o, AT 0.2 24 (1), 2) ] 244 ()l Tl
Eo =S UetE 2SI & 3T T84 (1), )lA] oA o] Hete] wht 2+12] <1 |AE EAshkE 24
2 ol Ae, 274 (3)014] ZghAle] sto] the gelat 2Hgte] ME-L 7o) s A8 g 4 ik
T, 294 (1)9] A9, REERE ARE ARt daT e el H sk ARuA) Belh 2 ese 14
Ehhe o2 Argeh £94 09 49, $44 (0] 22 ARE HaA% F AR BHE FS B S 3t
otslo] A Al6IA] A2 AZ A WATE LB AFIE MAE Hhdsle WS Tete v, 244 )l Lk 99
SR 2A30) AP EAS) MSl2 Qe 0x)7} ohd AR|E AR AE QAtelA 71l Ao Atm
230 x 230 . 230
= = OPC 340 pd = = OPC 340 = yd = = OPC 340 4
2220 . Ternary 340 / 2 220 |, Ternary 340 | ] / 2220 - . Ternary 340 /
a0 | © Ternary 470 /ﬁ/ a0 | © Ternary 470 A /,,/ 210 | O Ternary 470 é,/
E 190 — | e 3 190 A /,./ ] 190 ﬂ/
h / h u ./ ]
180 o 180 A 180 /E
/7 ) oo -
170 e o n 170 pd 170 | <O
S 4 e Q
8 . O . e
e KCHRM101 L AASHTOT318 e I Jal
ol (Mortar) e (Concrete) e (Concrete)
150 O : : : - 150 : : : : : . : 150 Lo : : : : : !
150 160 170 180 190 200 210 220 230 150 160 170 180 190 200 210 220 230 150 160 170 180 190 200 210 220 230
Mix ig water ym') Mix designed water content(kg/n’)

Mix designed water content(kg/m’)
(a) Formula (1) (b) Formula (2) (c) Formula (3)

Figure 2. Water Content Estimate by Formula (1)~(3) According to Change of Binder
4.2 SN HHotE At
Figure 3 & Figure 4= 22| E Z7)| 9] ¥zte] w2} vt 22| E o] Thelpadat 2L HijehE Al =5 15 nrtd iz
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Figure 3. Water Content Estimate by Formula (1)~(3) According to Change of Aggregate by S/a
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Figure 4. Water Content Estimate by Formula (1)~(3) According to Change of Aggregate by Gax
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Figure 5. Edge Tolerance of Water Content Estimate by Formula (1)~(3)
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Experimental Study on the Water Content Formula of Fresh Concrete by Microwave Oven Drying Test Method
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