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Design of a Concrete Mix Considering Curing Temperature and Delay Time

in Concrete Placement

Moon, Sungwoo', Lee, Seong—Haeng', Choi, Hyun-Uk"

"Department of Civil and Environmental Engineering, Pusan National University

Abstract : The concrete mix should be designed and produced to reflect the specific site conditions during concrete
placement, That is, the concrete mix design should be planned considering temperatures, work environments, pouring
methods, etc. The objective of this research is to understand the external factors of curing temperature and delay time
that influence concrete strengths during pouring work, and provide concrete mix design that can be most robust to the
effects of external factors, The Taguchi’s robust method is used in preparing the concrete mix design to achieve the
research objective, In a case study, an indoor concrete test was performed to find the optimal combination of concrete
mixes with external factors of curing temperature and delay time, Concrete test cylinders were made to test concrete
strengths given different external factors, The study results showed that the optimal performance of concrete strength
can be achieved by applying the robust method when preparing a concrete mix design,

Keywords : Concrete Mix Desigh, Concrete Strength, Robust Design Method, Internal Design Factor, External Influence
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Fig. 1. Research procedure
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Fig. 2. Picture images of concrete mix design
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Fig. 3. Test result of concrete mix design
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Table 1. Cross array table of design parameters and external influence factors

Outer layer (External influence factor)

Delay time (min)
Curing temperature (C) 0 0 30 30 60 60
15 25 15 25 15 25
E—— Inner layer (Design parameter) Response
aen M S/A ratio (%) Admixture (kg/m°) (Concrete compressive strength)
1 47.0 1.2 17.89 21.83 16.33 20.68 15.86 20.33
2 47.0 1.6 19.98 26.40 18.90 22.73 16.52 22.53
3 51.7 1.2 17.41 19.49 15.12 20.88 15.53 20.02
4 51.7 1.6 19.30 25.24 17.92 23.07 17.61 22.67
1) Levels for design parameters:
S/A ratio Level (1)—47.0%; Level (2)—51.7%
Admixture Level (1)—1.2 kg/m®.; Level (2)—1.6 kg/m®
Remarks

2) Levels for external factors:

Delay time Level (1)—0min; Level (2)—30min; Level (3)—60min
Curing temperature Level (1)—=157T; Level (2)—25T
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Curing temperature (C) 0 0 30 30 60 60

15 25 15 25 15 25
. Inner layer (Design parameter) Response -

Batch Mix S/A ratio (%) Admixture (kg/m?®) (Concrete compression strength) Y Sh
1 47.0 1.2 17.89 21.83 16.33 20.68 15.86 20.33 18.82 25.30
2 47.0 1.6 19.98 26.40 18.90 22.73 16.52 22.53 21.18 26.23
3 51.7 1.2 17.41 19.49 15.12 20.88 15.53 20.02 18.08 24.94
4 51.7 1.6 19.30 25.24 17.92 23.07 17.61 22.67 20.97 26.19
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Appendix I: Mix Design Table (Concrete Strength 24MPa)

Level of internal and external factors Mix design External factors
Batch
Mix S/A Al e Dglay CL_Jring Water Cement Sand Aggre -gate | Admix -ture | Delay time |Curing temp

ratio time time (kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (min) (0C)

(1) (1) (1) (1) 175 330 835 930 1.2 0 15

(1) (1) (1) 2 175 330 835 930 1.2 0 25

(1) (1) 2 (1) 175 330 835 930 1.2 30 15

1 (1) (1) 2 2 175 330 835 930 1.2 30 25

(1) (1) ) (1) 175 330 835 930 1.2 60 15

(1) (1) ) 2 175 330 835 930 1.2 60 25

(1) 2 (1) (1) 175 330 835 930 1.6 0 15

(1) 2 (1) (2 175 330 835 930 1.6 0 25

(1) 2 2 (1) 175 330 835 930 1.6 30 15

’ (1) 2 2 2 175 330 835 930 1.6 30 25

(1) &) ) (1) 175 330 835 930 1.6 60 15

(1) &) ) 2 175 330 835 930 1.6 60 25

2 (1) (1) (1) 175 330 918 848 1.2 0 15

2 (1) (1) 2 175 330 918 848 1.2 0 25

2 (1 2 (1) 175 330 918 848 1.2 30 15

’ (2 (1 &) 2 175 330 918 848 1.2 30 25

2 (1 3 (1) 175 330 918 848 1.2 60 15

2 (1 3 2 175 330 918 848 1.2 60 25

(2) 2 (1) (1) 175 330 918 848 1.6 0 15

() 2 (1) (2 175 330 918 848 1.6 0 25

(2) 2 2 (1) 175 330 918 848 1.6 30 15

! (2) 2 2 (2 175 330 918 848 1.6 30 25

(2) 2 3) (1) 175 330 918 848 1.6 60 15

2 () (©) (&) 175 330 918 848 1.6 60 25
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