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In this paper, removal time of side form from concrete using OPC(ordinary Portland cement) and FAC(fly
ash cement) are proposed by appling logistic model, which evaluates the strength development of concrete with
maturity. W/B, types of cement and curing temperatures are adapted as test parameters. The estimation of
strength development by logistic model has a good agreement between calculated values and measured ones. As
for the removal times of form works suggested in this paper, as W/B increases, curing temperature decreases
and fly ash is used, removal time of side form is prolonged. Removal time of form from concrete using OPC
suggested in this paper is shorter 2.5~3.5 days than those of KASS-§ (Korean Architectural Standard
Specifications-5) in the range of over 20C. And in the range of 10~20TCremoval time of form is shorter than
that of KASS-5 by as much as 4~4.5 days. The use of FAC results in an increase in removal time of form
compared to that of OPC by about 1 day.

Key Words : Fly ash, Removal times of form, Strength development, Maturity, Concrete

1.4 & B o8l THoZ AMHE 05~100um HE

Az seuge A%, B2 2 24 5 a4 3 9 VAR BREA 3714 w8 044 21 24
A Ae gz FAREA AgHEE 2 F AHS A Aot
2P EE AUALE, BHLAYA, tEz ¢ IRE ol FeelfA s 2AEL A
FAPIE BHOZ AYRATY U Fgo] A U¥ AV A AYF FeholdAg A4
AAE ash)® 2aUES THAZZ olgsie o ¥ A4 AAs oheel, HEABY, S
7397+ wobAtt. Ba, ANFEZEA, FAAFGHEZY 5 AHo| g

oelg BetolojA e e UEE st Y Ve AT, 27 ZEY 2dol AdFe dHE
Ao ol BES oF 1400~1500C ¢ m2o2 a o] A2 #FETAYEJMEE 129 NFE
AAAS W BBol 8gHo 1o Adarireg AP EC o2 X HE TEAZAWE(o]s}
tjEo] ZFEd olz2 TZo FA3 Wzl ¥ OPCE ATHE AlL3 Zadeds tlzi Ax

4 EA713k0] HgHojol & Aoz AL

Corresponding Author : Byung-Chuel Shin, Department of Land- add, felvete] AHTA mEAL }‘11)(013}
scape Architecture, Joongbu University, Chungnam 312-940,  KASS-52} A3holAE nle <on @ = 3RAE
Phone: +62-41-753-2268 Hel AR dAZIERR 100%1E 43T
E-mail: beshin@joongbu.ac kr dqAste Aoz HAA o] ot =92 AT,

185



Ay oE-gn
712, BY, V)%, 84 T SHAFRHL “‘EadEee YAz #Hzd ZH'%‘%TM e ZesAg A9
GE=AT 5N/mmiol e E2d zZlo] #d Wy # ¥ HAALRd 98 ZaEe ZAEZAL )
A" 7 & dx, E£F AFHUA EA7|Fe Mg 8t T U, o] EURE 3lo] AWE
HFr| 2ol 10Tl Z¢+e EATEY AHo] o 5 W/B % SAL%o & E23E &9
Table 19] UYEbG A5 o] ZFH3HE AF5HTAIE AFF Ex710e AAS 5 AFEIJLEHN, Zd
S A 4T gojd 5 %l\:}.”ﬂ A ok oA & EHE&3E= AdFAle AR L] 7]os)
T3 6&%—?_—3?455‘?4 ‘(o]3} KCIZ} #A3hel A 1A g
S5 7|z He 2w JE ¥ AX de U4
7ol A} FAE Fof ’aalE«l FEZE7t Table 2 2. AEAL g up

[o]

Aol dste] B H 9o
—quﬂ uﬂoﬂ_‘:. =24

o g =

3}] ;‘q] L3

251912
ek, 53, WFHL

97

ox

o,
oo

w e e ¥
° f

e

A FPL=

A 8] (W/B

X,
> ol

&gk oz

il
o

i}

13

4 =

&
JEE;Q,E

wx o

(=)

r_&
- N fru
ox,
fr ool
_&
N
hul

ks

pl Eﬂ #ge

Al AFH
o] &3} é‘dﬂ
€ AYsto], uF= FAYE AF ‘21171011 18 ¥
HAAeEe 21 25°D - DAEO|L A&AZHE
17~20A 7 A2 YetRT Basta gl
aez, 2 d7dAs AYME FF, W/B

© T,

Baze o Pao-l

FREA7ZE

ty of ol 2

, o
e
ey

&
ok
o}

»a,

21. 2844

2 Ao AgAEL Table 28 23, @aalg
o] WAL Table 33 2t} AlWIEE OPCY Z
ZholofA] AJHE (FAC) 2%FE AH&3t% 1L, W/B
E 40, 50, 60%9} 3FEo2 AFEAY }314 w,
FRLEE -10CHE 3BT o2& 55FoE 7
g3t

HEFEZA AFH L Table 7oA o] FAL
EYE 4a9 Z% E7F oA AR E d%}

dom GALEHR 2730°D - D7F FojAE A H
A SRR AEFRE AGAE 74 AHER 3

AR A Zste] tEATE A5G
22. AHEAIS
B Ao AL AREE T SAlelA Aty

OPC (U= : 315g/cm’, fs : 35.2N/mmH)E A}&

Eebol o)Al AME(e)s FACSH e T
A AeEel fomz FeoldAE T S
OPCOﬂ 309%2| 33te] o] L3, ZatolojA=
>3 B¥ggaoz g B¢ AJAL Table 59
7H:} ZAZHN AEAE =3 2 A FrY (A

% i

<)

.258g/cm ZHEE  243)E AREH, F& A
= &5 it 20mm Y FEs(HEE 0 261

Table 1. Age for side form removal in Korean Architectural Standard Specification (KASS-5 ; days)

Cement . Ordinary Portland cement Blast furmace slag cement B
High early strength
Mean Portland cement Blast furnace slag cement A Pozzolan cement B
temperature Fly ash cement type A Fly ash cement B
above 20T 2 4 5
above 20T
below 10T 3 6 8

Table 2. Age for side form removal in concrete standard specification of Korea Concrete Institute

(KCIidays)

Member

Compressive strength of concrete(f)

Footing, side girder, column, wall

above bMPa

Beneath slab and girder, inner side of arch

Design strengthx2/3(fo,=>2/3f), under the condition of above 14MPa
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Table 3. Design of experiment
Factors considered Items tested
Binder 5 Ordinary portland cement (OPC)
Fly ash cement(replaced 30% by mass of OPC ;FAC)
W/B(%) 3 40, 50, 60
Mixture Target shum 5 21+1cn (W/B 40%)
g P 18%1cn (W/B 50~60%)
Target air content 1 4.5+15(%)
Curing temperature (C) 5 -10, 5, 10, 20, 35
i Fresh concrete 2 Slump, Air content
Experimental -
Hardened concrete 1 Compressive strength

Table 4. Mixture proportion of concrete

c W/B S/A AE/C SP/C W Absolute volume (£/m')
ement (%) (96) (%) (%) (ke/m’) | Cement | Fly ash | Sand | Gravel
40 39 0.002 0.84 179 146 - 244 382
OPC 50 39 0.26" 182 116 - 256 401
60 40 0.18 181 96 - 264 414
40 38 0.003 1.00 178 105 62 231 377
FAC 50 39 03" 182 81 49 251 392
60 40 04" 180 67 40 267 401
*Air entraind water reducing admixture
Table 5. Physical properties of fly ash
Density Blaine Ratio of compressive Si0; Loss on ignition moisture content
(g/cm®) (cm¥/g) strength (%) (%) (%) (%)
2.23 3,519 97 97 34 0.3
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Table 6. Physical properties of chemical admixture
Admixture Basis Appearance Colour Density (g/cm®)
Superplsticizer Melamine sulfonate Grain White -
AE agent Synthetic tensides Aqueous Dark brown 1.02
AE water reducing admixture Naphtalene based Aqueous Dark brown 1.14
Table 7. Age and maturity for compression test
\;Z//I)% Curing temperature (C) Age and maturity
(]
10 days 3 7 14 28 56 % - -
°‘D-D 45 45 15 45 45 45 - -
5 days 2 6 14 28 42 56 110 182
°‘D-D - 30 90 210 420 630- 840 1725 2730
gg 10 days 15 3 45 105 315 42 84 1365
60 °D-D 30 90 210 420 630 240 1680 2730
20 days 1 3 7 14 21 28 56 9%
“°D-D 30 90 210 420 630 340 1680 2730
%5 days 07 2 47 9.3 14 187 313 60.7
| cpeD - [815] 9 | 211 | 418 | 630 | 8 | 16| 271
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Fig. 1. Strength development of concrete with maturity based on Logistic model.

Evaluation of Strength development with maturity - Curing“tzgug;efa?t;ri?yg~35°c
¥
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strength development
4
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4
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Fig. 2. Estimation of Strength development of concrete based on Logistic model.
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Table 8. Correlation coefficient of Logistic model by regression analysis

OPC FAC
Coefficient W/B(9%) W/B(%)
40 50 60 40 50 60
Fo 479 396 328 503 410 349
k 2.04 2.20 2.30 1.83 1.83 1.83
m 4.14 475 5.16 412 451 471
R’ 0.952 0.963 0.977 0.955 0.964 0.966
7
—~ 7 . _
~g %t 6 e : .
5 g :
5 £ "
g : mvd
@ 8 L
‘02-‘ R R | P
2 g .
@ g ;
g g
o g 1+ e A
0 TN BT B @ 5 : Y=1.23X-0.11 (R=0.96)
10 100 1000 10000 0 0 ‘i é 3 "‘ é T 7
Maturity(DD) Removal times of formworks (OPC, days)

Fig. 3 Strength development of concrete with maturity
by Logistic model.
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Fig. 4. Comparison of form removal time between
OPC concrete and FAC concrete.
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Table 9. Required age and maturity for form removal based on present paper
Compressive W/B Curing temperature(TC) Maturity
Cement| strength o N
D) | P | 0<t<5 | 5<t<10 |10<t<15| 15<1<20| 20<t<25| 25<t<30| 30<1<35| 35<t | (P D)
40 1.0 1.0 05 05 05 05 05 05 10
45 15 1.0 1.0 1.0 0.5 05 05 05 14
OoPC 5 50 2.0 15 1.0 1.0 1.0 1.0 05 05 20
55 3.0 2.0 15 1.0 1.0 1.0 1.0 1.0 26
60 35 2.0 2.0 15 15 1.0 1.0 10 32
40 15 1.0 1.0 05 05 05 05 05 12
45 2.0 15 1.0 1.0 1.0 0.5 05 05 18
FAC 5 50 25 2.0 15 10 1.0 1.0 10 1.0 25
55 35 2.5 2.0 15 15 1.0 1.0 1.0 33
60 45 3.0 2.5 2.0 15 15 15 1.0 43
= Table 8 ¥ Fig. 49} 220, s ndo] & 3 EX7|7te] BAFAHE MA L AAIE ool
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w3 neyt 2ages ¢ A sure, Magazine of Concrete Research, 2(6),
359 AFAAZE DRI VEY R 55 127-140.
ARME & o]&8 ZAgES SUANFY EA7) 6) SREYE 1986, v AT v 7HBEER L2 2
Zhell ik 3?7} dasiy, ol&e olE EdE ¢ Y7 - P EERTERORE, BARBEEEGT
Jug 24 2 A5 2] EistE FEAFH W, 367, 1-8.

191



