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Characteristics of Compressive Strength of Concrete due to Form
Curing Condition

ABSTRACT

The time for form removal is an important factor for ensuring the safety and economical efficiency of concrete structures, because it
affects the quality, period, and cost of construction. Although local specifications suggest the form curing time, there is a problem of
low quality of concrete due to early removing of form. This is because they do not fully understand effect of curing condition, and they
want to shorten construction period in the field. Therefore, this research evaluates the effect of curing condition according to the time
for form removal by testing specimen. As a result, the concrete compressive strength at the age of 28 days decreased about 40% in the
condition of form removal after 12 hours, while the strength in the condition of form removal after 28 days decreased about 7%. Finally,
this paper suggests an estimating equation for the concrete compressive strength due to the time for form removal considering various
curing temperatures as equivalent ages. The proposed equation can be used in the field for evaluating the strength after form removal.
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Table 2. Mixture Proportion of Concrete

W/C Unit weight (kg/m®)
%) | W C | FA. |CA | AD
59.5 | 168 | 282 | 969 | 943 | 2.26

Remark

Superplasticizer

Table 3. Properties of Concrete

150 Design ‘ Test result
Fig. 1. Dimensions of Test Specimen Type of cement Portland (Type 1)
Max. aggregate size (mm) 25 24.6
Table 1. Test Parameter Slump (mm) 120 119.6
Air content (%) 4.5£1.5 4.15
Parameter UCS test (day) " 3
C Tof No. of Chloride content (kg/m’) below 0.3 0.28
- R ’
rine eMOVATOt | 1] 3| 7 | 28 | 90 | specimens Compressive strength (MPa) 21 23.99
condition forms
After 12h | 10 | 10 | 10 | 10 | 10 50 Table 4. Temperature and Humidity by Date
In ai After 3days 10 | 10 | 10 | 10 40
n air D:
After 7days 10 [ 10 | 10 30 ate after Mean relative| Temp. in
concrete Mean temp. L
After 28days 10 | 10 20 placing °C) humidity water tank  |Remark
% °C
Moist-cured | After24h | 10 | 10 | 10 | 10 | 10 50 (day) %) )
Total 20 | 30 | 40 | 50 | 50 190 1 26 70 23
2 24 60 21
% O3] ILA]x 2 Q=177 0)lo SRk 3 24 62 21
AAR D58 FAAN(150x300mm) S ARS3IAL §loLy, Egelx
AFROR P ol AMgElE Gl YRS AHgsh, ! 2 ¢ 2!
_ - - . 5 24 61 21
1907§9] @& AIFAE A=kelr] $iste] Fig. 190 vebd 2t
_ 6 24 67 21
o] G=A(BS EN 12390)0l4 AABIL = 150x150x . % p ”
150mme] HEHA] FAANE AIFAZ A5 — % o 20
7] BYAIg Patio) AR RelE Q) - » = "
n e 9 B 915kl BE Table 13 o] Agsle] Foy— » = "
1972] EldS Al AIgAE 2 = 10702 Al=kets.e 30~45 20 50 20
H, Z 19071] AI@Ae] dste] A= ARSI 46~ 60 19 52 20
61~76 16 65 19
3.2 AI=ZRi=E 77~81 14 57 18
3.21 H=EH 82~90 12 55 18

AFA AP 12mm SEHRE AgSIoR, A5 B
Aetsta 5isle] AgA SV} o 27} g wEglon], o
A AN F g wEe 3 AL

3.22 B39 E

AEA] ARt AR EREE AP 21MPag] SAH]
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3= Table 29 ABIACE KS 140 wiz} S3= 2 3713,
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Table 5. Specification of Testing Machine Table 6. Test Results
Model Material Test System Curi R Lof Compressive strength of cylinderical concrete
Max. capacity 1000kN Hrng emovato (MPa)
cond. forms

Rate of loading 1~ 500mm/min lday | 3day | 7day | 28day | 90day
Measuring accuracy within + 0.5% 8.1 10.0 14.1 15.3 154
Control type Servo Valve Type 83 10.2 13.8 14.7 153
Load method Hydraulic Servo Type 82 9.6 13.8 152 15.8
Product company Dae Yeong 79 9.8 14.2 15.5 15.3
7.8 10.1 13.8 154 153

12h

8.0 9.7 13.6 153 15.2

7.7 10.0 14.0 153 15.5

8.4 9.8 14.0 15.1 15.3

8.1 10.3 13.9 153 15.8

8.2 9.6 13.5 15.2 15.7

Average 8.07 990 | 13.86 | 15.21 | 15.46

CoV (%) | 279 | 241 | 155 | 149 | 144

12.4 16.7 19.6 19.6

12.2 16.8 19.0 19.7

j | \ - 123 | 163 | 188 | 195

119 | 165 | 195 | 194
h 126 | 166 | 193 | 193
(3days) 125 | 167 | 194 | 196

Fig. 2. Test Set-up

12.2 16.1 19.7 19.6

12.1 16.3 19.5 19.5

34 AfdHd 3 EX| In air 119 | 167 | 192 | 195
AL FAE o5 A= AIFPHKS F 2405, BS EN 123 | 167 | 193 | 197
12390y =3t g8kt Korean Standard, 2010). Average 1224 | 1652 | 1932 | 19.53
tlo|Ele] ABkeE Eo|7] Sa) AlRAET T i) Al CoV (%) 188 | 134 | 138 | 054
3ien, 7k Al A YSEEE S, T A1l 17.6 | 209 | 20.8
AR TRsAIEAIE 719 A9 Table 591 ek oH, Fig. 175 | 203 | 208
2% A el AR A AREES el Slo)n 173 | 207 | 208
172 | 204 | 206

4. é‘%’éﬂl 5‘:' 'Eé‘! 168h 17.4 20.8 20.5
(7days) 173 | 207 | 21.0

A=2) e A7)e} Rz ZaE 2w njxE= 175 | 208 | 213

17.9 20.5 20.9

FIFE W7rP] flste] AFg @RAP19 xS Has 77 | 205 | 208

3lo] P3QEAJBle 43351930, Table 63 28 AvE A9k

il

173 20.6 20.9

B Aol AR Al Al Aol AARE R A

Average 17.46 | 20.57 | 20.83

(150x150x150mm) = KSTFEdA FEFo 2 AArdh= FH CoV (%) 130 | 114 | 1.02
150x300mm4 LY FAAS A= AFghel 27 9lo], 24 | 224
E eo] ZIz|Eolx 933 ZAAY] AeE b FAA 21.7 | 22.8

4 e ] SlAE 1.29] AS2 Fslok s BS (zggjys) 24 | 28
1881 (British Standard, 1983)0] w}g} $hatksle] Aule BAIs1C) 218 | 223
22.8 23.1
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Table 6. Test Results (Continue)

Compressive strength of cylinderical concrete

Curing | Removal of (MPa)
cond. forms
lday | 3day | 7day | 28day | 90day
229 | 228
0 222 | 226
(28days) 222 | 2266
In air 22.4 22.7
224 | 228
Average 2231 | 22.68
CoV (%) 1.75 0.96
6.8 114 17.5 242 | 263
6.9 113 17.1 233 27.1
7.3 11.9 17.0 | 239 | 265
6.8 12.2 168 | 239 | 275
7.0 11.8 167 | 23.8 | 262
Moist | 24 71 | s | 173 | 243 | 260
-cured
6.8 11.6 168 | 242 | 263
7.3 11.8 16.8 | 245 25.7
6.9 11.5 17.1 239 | 262
7.2 113 17.3 240 | 263
Average 6.99 | 11.66 | 17.03 | 23.99 | 26.39
CoV (%) | 272 | 249 1.58 1.43 2.01
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Fig. 9. Strength Ratio of Concrete in Air after 28days to Moist-
Cured Concrete
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o71M, f. 1 289 USA(AE 719, MPa)
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Fig. 13. Effect of Curing Temperature on Concrete Compressive Strength at Various Age(Klieger, 1958)

Table 7. Constants a, b by Curing Temperature

Curing temperature a b
T<20C (1.73x 107 °) 7245 3.109 7" 0369
7>20C (3.71x1076) 7287 —0.01447+1.304
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