
Journal of Creative Sustainable Architecture & Built Environment  

Vol.10, No.1 (2020), pp.19-26 

http://dx.doi.org/10.21742/csabe.2020.10.1.04 

 

 

Print ISSN: 2208-9837, eISSN: 2288-6133 CSABE 

Copyright ⓒ 2020 Global Vision Press (GV Press) 

Development of High-flow and Crack-reduction Method for CFT 

Internal Mass Concrete 
 

 

Dong-oun Lee1 and Gi-hwan Oh2* 

1Professor, Department of Architectural & Civil Engineering, DongSeo University, 

Busanjin-gu, Busan, Korea1 
2Professor, Department of mechatronis engineering, DongSeo University, Busanjin-

gu, Busan, Korea 
1ldu21@dongseo.ac.kr, 2johnoh@dongseo.ac.kr 

Abstract 

Recently, downtown buildings have tended to be super-high in connection with the rise in 

land prices and efficient use of buildings. In accordance with this trend, high-strength 

concrete is adopted for the structure of the building in relation to the improvement of cross-

section efficiency, high-concrete concrete is reviewed in connection with good workability, 

and high-durability concrete for long-life buildings is used. In the case of large columns of, in 

addition to the safety of the structure, a very thick CFT inner mass concrete is adopted. 

Therefore, this study aims to solve the problem by using the case of CFT internal mass 

concrete as a target structure, as well as low heat mixing and separating mat concrete into 

multiple layers, adjusting the super-retardant amount in the lower layer. Through the pilot 

test results, it was confirmed that the internal temperature of the concrete was lowered and 

the fluidity increased through the decrease of the hydration heat at 36.5% W/B. Therefore, it 

is intended to secure the integrity between the upper and lower pouring concrete. 
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1. Introduction 

Recently, buildings in urban areas tend to be super-high-rise in connection with the rise in 

land prices and the efficient use of buildings [1][2]. According to this trend, high-strength 

concrete is adopted for structures related to the improvement of cross-section efficiency, 

high-durable concrete is reviewed for high-density concrete in relation to good construction 

and high-durable concrete is used for buildings with long lifespan, in addition to this, very 

thick internal mass concrete is adopted in connection with the safety of the structure [3][4].  

However, it is important to solve the problem of cracks caused by hydration heat, 

especially when the time difference occurs due to the inability to lay large amounts of 

concrete simultaneously depending on the conditions of the site, not only the unity of the 

concrete but also the occurrence of stress due to the time difference. In severe cases, massive 

cracks occur within 24 hours, leading to serious damage to water density and durability [5].  

Theoretical consideration collects and investigates literature on the hydration reaction of 

cement, overview of mass concrete inside CFT, characteristics of super-delayed concrete and 
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the method of condensation time differential, and discusses the possibility of utilization of 

condensation time differential method by super-delayed agent. Therefore, in order to solve 

problems with structures using CFT and mass concrete, this study aims to secure unity 

between top and top-floor concrete by separating insulation by low-heating and double-

bubble sheets and placing confluents in the lower layer after separating the matte concrete 

into several layers [6][7]. 

 

2. Subject 
 

2.1. Overview of CFT internal mass concrete 

 

2.1.1. Definition and concept of CFT Internal mass concrete 

Recently, columns, beams, and bearing walls are also mass concrete inside the CFT, 

resulting in harmful cracks in structures. In general, the absence dimensions of concrete 

structures, which should be treated with mass concrete inside the CFT are difficult to 

determine uniformly, depending on the structure type, materials used and construction 

conditions but are generally considered to be mass concrete over 0.8 m if they are members of 

a wide flat structure or column shape [2][4]. However, in cases where sub-assembled concrete 

is used, such as prestressed concrete structures, even thinner members may be subject to the 

application under the constraints [3]. 

 

2.1.2. The mechanism and characteristics of temperature crack generation in mass 

concrete inside CFT 

The cause of crack generation of mass concrete inside CFT consists of crack mechanism 

by internal and external binding stress. Cracks caused by internal binding stress are high in 

concrete due to the hydration heat of cement and low in surface due to the influence of 

ambient air temperature, especially the tensile stress acts on the side facing the outside air, 

resulting in cracks [5][6].  

Cracks caused by external binding stress are the same as thick wall members, which are 

constructed by connecting with steel bars to concrete that has been laid out first and cracks 

occur during the shrinkage process when the temperature is equal to the ambient temperature 

after reaching the highest temperature if there is an external gradient [1]. 

 

2.2. Retarder and super retarding agent summary  

Cement mortar and concrete gradually reduce their liquidity after mixing, and hours later, 

they reach the condensation process corresponding to the time of strength development. The 

mixture used to prolong the time required for condensation is defined as condensation 

retardant, generally classified as delay agent and super delay agent, and the mixture 

representing short-term delay within hours is called retardant and the condensation time can 

be adjusted from hours to days depending on the arbitrary setting of the additive, and the 

mixture is called super retardant, which does not adversely affect the property after curing of 

concrete [8]. This method is to solve the problem of cracking by heat of hydration if the large 

column mat members are mass concrete. The method is to develop a low and good-quality 

super retardant by mixing white sugar solution, PEO multiplier and AE agent in a certain 

proportion [9] and to remove the upper and lower sections of super-delay concrete 
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manufactured by mixing a certain amount of super-delay agent and at the same time by 

placing all concrete on the upper part [Table 1]. 

Table 1. Experiment plan 

Test Factor experimental level 

Test 

Factor 

W/B(%)  38.0,  36.5 

Objective Slump Flow(mm)  500±75 

Target air quantity(%)  4.5±1.5 

Target Delay Time  

by Delay Material 
W/B(%) 

38.0 

35.5 

Experimen

tation 

Non-hardened concrete 

 • slump flow 

 • air quantity 

 • Bleeding 

 • condensation time (standard curing, outdoor curing) 

Hardened  

concrete 

 • Test specimens for structure management 

   -  Compressive strength (1, 3, 7, 28 days) 

 

2.3. Experimental method 

Combinations and aggregates selected for this experiment were generally used by Daeyang 

Remicon Co., Ltd., located in Yangsan, Gyeongsangnam-do, and the physical and chemical 

properties of super-delayed materials are as shown in [Table 2]. 

Table 2. Physical and chemical properties of delayed materials 

hybridized 

material type 
 principal component 

Colors and 

forms 

Density 

(g/cm3) 
pH 

a chemical 

formula 

operative 

element 

delayed 

materials 

Sucrose, Poly ethyene 

oxide, 

Sodium lauryl sulfate 

White, Liquid 1.2 7 C12H22O11 -OH 

 

3. Test results 
 

3.1. Slump flow, air and bleeding amount 

[Table 3] shows the experimental results of the concrete that is not hardened during the 

preliminary test, and [Figure 1] and [Figure 2] shows the amount of slump flow and air over 

W/B and latency. Normal concrete without a mixture of delayed materials was found to meet 

the target slump flow of 500 ± 75 mm and the target air volume of 4.5 ± 1.5 per cent. First of 

all, liquidity tends to increase somewhat with longer target delay times, which is attributed to 

an increase in the amount of delayed materials mixed, increasing the amount of liquid used in 

the actual mix, and requiring a correction of the arrangement to reduce the unit quantity or 

water rehydrating material when applied to the actual structure in the future. In addition, the 

volume of air tends to decrease slightly with the longer the target delay time, but there is no 

significant difference, but it is also necessary to consider the addition of AE materials in the 

actual shipment. However, the bleed test result did not measure the bleed in any case. 



Development of High-flow and Crack-reduction Method for CFT Internal Mass Concrete 

 

 

 

22 Dong-oun Lee and Gi-hwan Oh 

Table 3. Results of the experiment on non-hardened concrete 

W/B 

(%) 
Target Latency 

mixed rate 

(%) 

slump flow 

(mm) 

air quantity 

(%) 

38.0 

0 0 575 4.2 

8 0.15 615 4 

24 0.31 625 3.5 

36.5 
0 0 563 5.2 

6 0.12 596 5 

 

3.2. Condensation time 

[Figure 1] and [Figure 2] represent the penetration resistance according to the elapsed time 

by W/B and latency. First, at the standard curing W/B 38.0%, the target delay of 8 hours was 

delayed by approximately 11 hours, the target delay of 24 hours was delayed by 

approximately 33 hours, and the target delay of 6 hours at the standard curing W/B of 36.5 

percent. The target delay time of 8 hours was delayed by approximately 5 hours in the 

outpatient W/B 38.0%, the target delay of 24 hours was delayed by approximately 23 hours, 

and the target delay of 6 hours in the outpatient W/B 36.5 percent was delayed by 

approximately 4 hours. 

Compared to standard and outdoor curing, the delay time was promoted by about 2 to 10 

hours, and the delay time increase increased as the rate of mixture of delayed materials 

increased. Therefore, since the temperature will be higher than the outside due to the high 

hydration heat of concrete during the actual experiment, the mixing ratio is required to 

increase the mixture by setting the curing temperature high when calculating the mixing rate 

of delayed materials [10][11]. This condensation delay is attributed to the prolonged delay in 

hydration reaction by temporarily blocking contact with water by adsorbing -OH, the action 

element of the chunks of the developed delayed material, to the surface of the cement 

particles or to the hydration reactant in the polar phase [12]. 
 

 

Figure 1. Penetration resistance values according to elapsed time by W/B and latency (standard 

curing) 
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Figure 2. Penetration resistance values according to elapsed time by W/B and latency (outdoor 

curing) 

3.3. Compressive strength characteristics 

[Table 4] and [Figure 3] represent compression strength over elapsed time by W/B and 

latency. Overall, ultra-delayed concrete with super-delayed materials compared to general 

concrete without super-delay materials at each W/B showed a small compressive strength due 

to delay action in the case of initial age, but as the age passed, the width of strength 

enhancement was greater, indicating a value equal to that of ordinary concrete from the 28th. 

In particular, 38-24 showed a sharp increase in intensity as the age passed despite the fact that 

it was impossible to measure the intensity of one day after 35 hours of closure, and the 

highest value was 48.9 MPa at the age of 28th. It is analyzed that if the hydration reaction 

progresses slowly due to the initial condensation retardation of sign language, this results in a 

dense hydration product, which results in the internal tissue becoming more dense. 

Table 4. Compressive strength characteristics 

W/B 

(%) 

Target 

Latency 

mixed rate 

(%) 

Compressive strength (MPa) 

Day 1 Day 3 Day 7 Day 28 

38.0 

0 0 11.5 24.9 35.0 47.3 

8 0.15 7.56 21.4 33.7 48.0 

24 0.31 0 18.0 31.9 48.9 

36.5 
0 0 12.2 27.0 36.0 48.0 

6 0.12 8.71 23.5 34.8 48.2 
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Figure 3. Compressive strength according to elapsed time by W/B and latency 

4. Conclusion 

Through this study, it was possible to confirm a method of improving the quality 

performance of concrete, a construction material. The quality of construction materials 

changes greatly depending on the combination of various materials and environmental 

changes. There are many differences between the result value and the result value applied to 

the construction site. This is construction, process, regional material characteristics, etc. Since 

it occurs due to various variables, a method to minimize quality fluctuations should also be 

considered. The method of adjusting the hydration heat of the mass concrete of the foundation 

mat of the building was conducted with an experiment using super-delay agent, and the 

results are as follows. The method of condensation time difference of mass concrete in a 

super-delay agent is to fundamentally prevent cracks caused by lack of tensile stress caused 

by the concrete installed first reacting to hydration during the construction of upper and lower 

section for working-level mat concrete. In addition, slow down the temperature of hydration 

and heat. The results of the pilot test were able to secure the mix design data applicable to the 

practice, and the review of the quality changes caused by the use of super-delay agents 

showed that although there was a slight increase in liquidity and a decrease in air volume, it 

could be managed by fine-tuning the arrangement at the time of shipment of the working-

level ready-mixed concrete. In addition, bleeding did not occur in any case, and condensation 

time tended to be delayed similarly to the target while the temperature was highly dependent 

upon the increase in the addition of super retardant, and in the case of compressive strength, 

the initial age was shown to be relatively low as the addition of super retardant increased, but 

similar or greater value was shown at the age of 28th. In the future, the research direction is to 

proceed with the influence of temperature and humidity, which changes according to various 

construction conditions and external environment at the construction site. Through this, it will 
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be possible to verify the effectiveness of the actual building by confirming the change in the 

quality of the material. 
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