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Prediction of Setting Time of Concrete Using Fly Ash and Super Retarding Agent

Min-Cheol Han™
"Div. of Architectural Engineering, Cheongju University, Cheongju 360-764, Korea

ABSTRACT This paper presents a method to estimate the setting time of concrete using super retarding agent(SRA) and fly
ash(FA) under various curing temperature conditions by applying maturity based on equivalent age. To estimate setting time,
the equivalent age using apparent activation energy(E,) was applied. Increasing SRA content and decreasing curing temperature
leads to retard initial and final set markedly. E, at the initial set and final set obtained by Arrhenius function showed
differences in response to mixture type. It is estimated to be from 24~35KJ/mol in all mixtures, which is smaller than that of
conventional mixture ranging from 30~50 KJ/mol. Based on the application of E, to Freisleben-Hansen and Pederson's equivalent
age function, equivalent age is nearly constant, regardless of curing temperature and SRA contents. This implies that the
concept of maturity is applicable in estimating the setting time of concrete containing SRA. A high correlation between
estimated setting time and measured setting time is observed. Multi-regression model to determine appropriate dosage of SRA
reflecting FA contents and equivalent age was provided. Thus, the setting time estimation method studied herein can be
applicable to the concrete containing SRA and FA in construction fields.

Keywords super retarding agent(SRA), fly ash, maturity, setting time, equivalent age
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Table 1 Experimental plan (kg/m’) (%)
Factors Ttems 0 3711798 | 905
W/B(%) 11 50 0 0.1 02 3711798905
O o — 2| el
SRA contents(%) 410,01, 02,03 .
Curing temperature CC)| 3| 5, 20, 35 0 334|793 { 900 | 37
Slump 5o | 185 | 48 | 10 0.1 o1 334|793 | 900 | 37
Shump flow 0.2 334 1793 | 900 | 37
Fresh concrete 51 -Air content 03 3341793 | 900 37
Experimental -Unit volume weight 0 296 | 788 { 895 | 74
-Setting time 20 0.1 0.08 296 | 788 | 895 | 74
Hardened concrete | Compressive strength® 0.2 206 | 788 | 895 | 74
(3, 7, 28 days since final set) 03 206 | 788 | 895 | 74
*Specimens were cured at only 20°C C:cement, S: sand, G: gravel, FA: fly ash
Table 3 Physical properties of cement
Density(g/cm’) | Blaine(cm’/g) Soundness(%) Ii?ftmg tlme(mgli.r)l' 3dayfompres51V7ed:}t/rsength(MPz)8days
3.15 3,265 0.07 232 429 24.5 33.1 439

Table 4 Physical properties of aggregates

Aggregates Density(g/cm’) | Fineness modulus |Absorbtion ratio(%)| Unit weight(kg/m®)| Passing amount of 0.08 mm sieve(%)
Fine aggregate 2.55 295 1.80 1,520 15
Coarse aggregate 2.67 6.9 0.69 1,567 02
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Table 5 Physical properties of fly ash

Density(g/cm’) | Blaine(cm’/g) L.OI(%) omp. st. ratio(%o SiOx(%0) Moisture content(%a) Ratio of water content(%s)
230 3,368 4.5 93 66.8 0.2 99
Table 6 Physical properties of super retarding agent
Agent Basis Appearance Density(20°C)

White sugar Sucrose White, solid 1.60

Viscosity modifying agent Poly ethylene oxide White, grain 1.00

AE agent Sodium lauryl sulfate Yellow, aqueous 1.04
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Table 7 Calculation of E, based on Arrhenius equation

Regression coefficient
SRA 1 1 E
Mixture %) Set 11’1( t—,) =Ind-B- T (KJ/I:]O])
InA |BE/R)| R’
0 Ini. 6.01 [2,3202] 0924 | 20.1
Fin. 7.64 (29086 0952 | 243
Ini. 8.98 |3,436.1| 0.974 28.7
Plain 0.1 Fin. 840 |3,3185| 0962 | 27.7
02 Ini. 5.52 12,5265 0998 | 21.1
Fin. 7.25 13,090.9| 0982 | 25.8
03 Ini. 5.04 [2,4964| 0997 | 20.8
Fin. 6.79 |3,077.8| 0.966 | 25.7
Ini. 9.35 13,402.5| 0971 28.4
0 Fin. 8.89 ]3,371.7| 0.935 28.1
ol Ini. 9.75 13,675.8) 0.984 | 30.7
FA 10 Fin. 9.77 13,7453 0974 | 312
0.2 Ini. 11.03 |4,143.4| 0.994 | 34.6
Fin. 11.31 [4,286.6| 0994 | 358
Ini. 743 |3,216.7| 0999 | 26.8
03 Fin. 9.60 |3,9188| 0990 | 32.7
0 Ini. 9.01 |3,332.3| 0978 | 27.8
Fin. 998 |3,712.6| 0.965 31.0
ol Ini. 10.28 |3,862.5| 0.985 322
FA 20 Fin. 10.51 |3,989.2| 0.973 333
02 Ini. 9.34 |3,671.2] 0.982 30.6
Fin. 10.12 | 3,940.1| 0.962 329
0.3 [ni. 7.33 [3,2166| 0970 | 26.8
0.3 Fin. 8.47 |3,593.0| 0959 | 30.0
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Table 8 Regression model for determining SRA dosages

Mixture | Set Regression model R?

. Ini. S=0.19ns, — 1.14 0.95
Plain

Fin. S=0.22lnz,— 1.20 0.96

0 Ini. S=0.24Inz, - 1.22 0.99

FA Fin. S§$=0.27In7, — 1.29 0.95

) Ini. S§=0.24Ins, — 1.23 0.99

FA 20 Fin. S=0.28Inz, — 1.31 0.92

where, #,: equivalent age S: SRA dosages
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