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Abstract 

Recent earthquakes at Pohang in Korea have caused significant damages to existing reinforced concrete (RC) structures. 

Particularly, piloti columns of RC structures suffered considerable damages. The objective of this research is to review the feasibility 

of an innovative stay-in-place formwork method using the Textile Reinforced Concrete (TRC) for RC columns in order to improve 

seismic performance and reliability. The scope of the study includes 1) a development of a concept for TRC stay-in-place form for 

RC columns, and 2) designing and manufacturing of TRC form modules. It is expected that structural damage of the property, 

human injuries or loss of life caused by future earthquakes can be reduced by improving the seismic performance using TRC site-

in-place participating form, which can also save the social cost for the recovery from the disaster.  
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1. Introduction 

1.1. Background 

On November 15, 2017, a total of 31,000 structures, including houses, shops, and factories, were damaged by a 5.4-

magnitude earthquake in Pohang, South Korea. Among the facility damages, the column failures of the reinforced 

concrete piloti structures of low-rise houses were severe. The causes of the damages of the piloti structures were shown 

to be associated with the insufficient facility design and construction procedure, such as the eccentricity of the core 

wall, the shortage of the shear reinforcement of the column, the non-compliance of the detailed construction standard, 

etc. [1]. Seismic design standards have not been properly applied to the piloti structures, and construction quality 

control has not been properly performed to ensure seismic performance of such structures. Fig. 1 shows several 

example cases of column failures of piloti structures in Pohang. In the columns of the piloti structures, the designed 

cross section was not properly secured due to an excessive concrete cover of 100 mm thickness and an inclusion of 

drainage pipes in the column member. The spacing of the shear reinforcement far exceeded the design standard of 152 

mm to 260 mm. The poor anchorage of tie, which did not to comply with hook detail standards were also observed.  
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The first floor piloti columns of RC structure are the core members to support the entire structure. In the event of an 

earthquake, the vulnerability of the piloti column can be directly linked to the risk of property damage and loss of life 

because it could be extended by the collapse of the entire structure. In other words, securing the structural performance 

of the piloti columns is a prerequisite for ensuring the stability of the entire structure. However, in the case of domestic 

small piloti buildings, seismic performance of structures has not been fully guaranteed as confirmed in the earthquake 

damages in Pohang. The root cause of this problem can be pointed out to the poor working environments in which 

small low-rise piloti structures are constructed. Most of these facilities are constructed by small-to-medium sized 

construction companies with insufficient construction management capacity or employing low-skilled workers. It may 

often be observed that the details of design documents are insufficient, the workers’ understanding of the seismic 

details is unsatisfactory, or construction criteria are not completely met. Consequently, it is assumed that the variation 

of the seismic performance of the piloti columns is considerably large at the small low-rise piloti structures in Korea. 

1.2. Objective and Scope 

An alternative technology to improve the seismic performance of domestic RC piloti structure, which is currently 

exposed to the risk of earthquake, is urgently needed. The purpose of this study is to investigate the technical validity 

of the method to secure the seismic performance by using the permanent stay-in-place formwork using the textile 

reinforced concrete (TRC) for the columns of RC structures. The scope of the study includes 1) a development of a 

concept for TRC stay-in-place form for RC columns, and 2) designing and manufacturing of TRC form modules. 

 

Fig. 1. Examples of Column Failures of Piloti Structure in Pohang, Korea: (a) excessive concrete cover; (b) inclusion of rain water pipe; (c) 

inappropriate spacing of ties; (d) poor anchorage of ties (non-appliance of hook detail standards) 

2. Concept of Stay-in-Place Formwork and Textile Reinforced Concrete  

Conventional temporary formwork methods of RC structure have long been a target area of innovation in construction 

sites. There are two underlying reasons. First, there is a certain limitation to shorten the construction duration since the 

RC work is sequentially conducted such as in the order of temporary formwork installation, reinforced bar assembly, 

concrete pouring and curing, formwork removal, and finishing work. Second, there is a difficulty in managing the 

quality of work depending on various working conditions due to the characteristics of outdoor environment as the most 

of related work are performed on-site, leading to a large amount of deviation in work quality. Moreover, the outstanding 

issues of the shortage of skilled workers and the aging of workers also exacerbates the problem of construction cost 

increase in Korea. Thus, many attempts have been constantly made to develop a more innovative stay-in-place 

formwork system method, which can be carried out in parallel with precise factory pre-fabrication and site installation 

of the RC member required in the structure while shortening the construction duration by skipping the formwork 

removal process. Early attempts were to develop a permanent formwork system using general single materials such as 
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wood, steel, etc. However, practical use of such system was constrained to a limited extent due to the diverse problems 

such as formability, durability, and economical feasibility.   

Development of stay-in-place formwork systems with new composite materials were attempted. Studies on the 

development of permanently fixed formwork using fiber-reinforced-polymer based concrete have been performed [2, 

3]. However, they have not yet been put to practical use due to the drawbacks of low resistance to fire despite their 

excellent structural performance. Another attempt to develop a stay-in-place form was to utilize Textile Reinforce 

Concrete (TRC). The concept and advantages of TRC can be summarized as shown in Fig. 2. TRC can be defined as 

a composite material in which continuous textile fabric are integrated with portland cement and a cement matrix 

composed of fine aggregates. The TRC possesses high tensile strength due to the characteristics of textile fibers, and 

also has excellent advantages with respect to high durability, corrosion free, formability, and light weight. 

 

 

Fig. 2. Concept and advantages of Textile Reinforced Concrete 

As shown from a result of flexural and tensile tests at the material level in Fig. 3, a brittle failure was observed for 

control experimental specimen without textile fabric, but a progressive failure was observed for the TRC panel, which 

showed high flexural strength and toughness. By utilizing these advantages of the TRC panel, it is possible to provide 

the formwork function for construction of reinforced concrete structure and also to improve the seismic performance 

of the structural member. 

 

Fig. 3. Tests of TRC panel: (a) flexural test; (b) comparison of failure modes between non-reinforced panel and TRC panel  

In the past studies, the development of stay-in-place formwork using TRC has been conducted around horizontal 

members such as slabs and beams [4, 5, 6, 7]. Recently, experimental works on the performance of TRC stay-in-place 

formwork applied for a vertical member such as columns [8, 9] and an asymmetric shell structure [10] have also been 

performed. Existing studies have demonstrated that the structural performance of a column using TRC is superior to 

https://doi.org/10.3311/CCC2019-018


Kim, Wontae, et al. / Proceedings of the Creative Construction Conference (2019) 018 

https://doi.org/10.3311/CCC2019-018 

120 

that of a conventional RC column through the experimental test of specimens. On the other hand, there has been no 

study on the design and construction methodology of the stay-in-place form module targeting for the commercialization 

of such technology by considering constructability and economical feasibility. In particular, there have been no studies 

on the stay-in-place TRC formwork method to improve the seismic performance of piloti columns that are vulnerable 

to earthquakes. In this study, the prototype of the TRC stay-in-place modular member was designed and fabricated 

based on the results of reviewing the validity and applicability to the piloti columns. 

3. Design and Manufacture of TRC Stay-in-Place Formwork Modules for Concrete Columns  

3.1. Modulization of TRC Form  

The division of the panel module was considered for 1) the convenience of transportation and operation, 2) the 

efficiency of production and installation, and 3) the time and cost. This study focuses on the development of stay-in-

place formwork for rectangular columns which is most frequently used in small residential facilities. For casting and 

curing of concrete, the TRC permanent forms should be located at four sides of columns and assembled. The weight 

of TRC form was estimated to be approximately 53 kg when the TRC permanent form with thickness of 40 mm, height 

of 1,000 mm, and the cross sectional area of 400 mm x 400 mm was placed without any division. Considering the 

weight of the member and the convenience of transportation, it is advantageous as the division of the panel section 

increases. For example, as shown in Fig. 4, when dividing into two sections, the weight of the unit member becomes 

27 kg, and when divided into four equal sections, it can be reduced to 13 kg. However, if the section division of panel 

modules results in the increase factory manufacturing time and site installation (due to the increased time for assembly 

of each forms), the efficiency of the work is reduced and the costs of production and installation of TRC formwork 

members are increased. In addition, there is a disadvantage in that the stability of structural elements may be decreased 

due to an increase in the number of joint elements of the TRC modules by the sectional subdivision. Therefore, no 

sectional division in the shape type module was considered in this work for the development of TRC stay-in-place 

formwork for RC columns.  

 

 Fig. 4. Review of Module Division Alternatives of Textile Reinforced Concrete: (a) no division (53kg); (b) 2 sections (27kg); (c) 4 

sections (13kg) 

  

Since the design of the building (especially for the height of floor) is different from each other, there is a problem with 

difficulty in standardization for the production of the members in advance. If the TRC stay-in-place form elements can 

be mass-produced by modularization, the time and expense for manufacture and installation can be saved significantly. 

In order to realize these benefits, this study suggests a vertical modularization scheme which allows a standard 

prefabrication of bottom module regardless of the floor height, as shown in Fig. 5. The TRC form module applied on 

top of the RC columns is prefabricated in a custom-made modular method according to the planned floor height. 

Concave and convex grooves at both ends of the modules are designed for the easy connection of the upper and bottom 

TRC modules on site. In addition, the pre-processed holes for the insert of shear key to fasten the upper and bottom 

modules are suggested.  
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Fig. 5. Development of TRC Form Module: (a) section of TRC form module; (b) bottom module; (c) upper module; (d) connection between upper 

and bottom modules 

3.2. Manufacture of TRC Form Module  

A mold for the production of TRC stay-in-place form module was designed and manufactured as shown in Fig. 6. The 

mold of TRC shaft form module was made of steel for durability and repeated use. Outer panel of the mold can be 

folded out to facilitate easy removal of the form after textile fabric installation, casting and curing of concrete. The 

inner panels of the mould is able to be folded inward when the bolts are unscrewed to minimize damage during removal 

work of the TRC shaft module. 

 

 

Fig. 6. (a) Mold design for TRC site-in-place form; (b) Mold production for TRC stay-in-place form 

A prototype TRC stay-in-place was produced as shown in Fig. 7. After opening the outer panel of mold, textile fabric 

was installed at the planned position by using inner spacer at the mold. The outer panel of the TRC mold was sealed 
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in order to place fresh concrete. When the outer and inner panels were removed after curing for a sufficient period of 

time, the TRC stay-in-place form module was finally produced.  

 

Fig. 7. (a) Opening of TRC form mold; (b) installation of textile; (c) placing of concrete and curing; (d) completed TRC module shaft  

4. Conclusion  

In this study, the design and construction method of the innovative stay-in-place formwork to secure the seismic 

performance of the column of the RC structure was proposed by utilizing a new composite material of TRC. The 

rectangular cross section of the TRC stay-in-place form module was proposed. The division of the TRC stay-in-place 

module was not considered due to the constructability and the stability of structural elements after the connection of 

form elements. In addition, in order to adapt for the changes in the height of RC columns, modularization method of 

TRC form divided into upper and lower part was proposed. In the following study, evaluation of seismic performance 

of RC columns using TRC stay-in-place formwork, evaluation of field applicability for practical use, and comparative 

productivity and economic evaluation work compared with the conventional methods are planned to be carried out. It 

is expected that it will reduce the damage of structures due to natural disasters such as earthquakes through securing 

the seismic performance through the TRC stay-in-place form, and also reduce the social cost for recovery after the 

disaster. 
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