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Abstract. The enormous amount of concrete production has a serious
impact on energy, resources, environment and ecosystem. Therefore, the
issue of development of sustainable concrete technology with little impact
on the environment is becoming a major issue. In this paper, researches
related with sustainable development of concrete are presented in last three
decades. FRP has high corrosion resistance and lightweight, thus it can be
potential solution for sustainable development of concrete structures as
strengthening material or reinforcement instead of steel. Researches and
techniques are presented on performance of concrete beam with FRP rebar
and enhancing performance of existing concrete structure using FRP
strengthening methods. The application of recycled concrete aggregate
(RCA) has sometimes been limited in the practice and remained in the low-
valued purposes only such as road base materials. In past 10 years, a great
improvement in the recycling technique to produce RCA of which quality is
close to natural aggregate, hence the applicability and evaluation of RCA
are presented in this paper. This paper includes experimental studies for
application of waste glass which could decrease CO2 emission from cement
producing. The achievements of these studies are presented in this paper to
contribute for sustainable development of concrete infrastructures.

1 INTRODUCTION

Sustainable development means the organizing principle for sustaining finite resources
necessary to provide for the needs to the next generations on the earth. It is a process that
concretely plans a desirable future state for human societies in which living conditions and
resource-use continue to meet human needs without undermining the "integrity, stability and
beauty" of natural biotic systems [1]. The concept of sustainable development is strongly
originated by the 1987 Brundtland Report. In 1987, the United Nations World Commission
on Environment and Development released the report ‘Our Common Future’, commonly
called the Brundtland Report. This report included what is now one of the most widely
recognized definitions of sustainable development. “Sustainable development is
development that meets the needs of the present without compromising the ability of future
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generations to meet their own needs. It contains within it two key concepts: The concept of
'needs', in particular, the essential needs of the world's poor, to which overriding priority
should be given; and The idea of limitations imposed by the state of technology and social
organization on the environment's ability to meet present and future needs.” The significant
three pillars of sustainability are shown in Figure 1.
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Fig. 1. Significant three pillars of sustainability

2 STRUCTURAL ASSESSMENT RESEARCHES

Since 1987, Prof. Sim as a faculty of Hanyang University, has focused on structural
assessment of deteriorated concrete structures [2-4]. Selected research projects are Cheong-
Gye bridge, Haeng-Ju bridge, industrial building structures, LNG tank, railway structures,
waste water facility etc. In 1995, the collapse of the Sung-Su Bridge (as shown in Figure 2)
brought the great change of the paradigm of the structural assessment industry in Korea.
Accordingly, the Korea Infrastructure Safety and Technology in government branch was
established. As accordance with the advanced structural assessment, Prof. Sim has researched
about in-field loading test to the deteriorated bridges (as shown in Figure 3) for evaluating
load carrying capacity and systemized the fundamental concept of the artificial decision
making technology for the expert system of structural assessment [5].

Ps tendon for loading

Fig. 2. Collapse of the Sung Su Bridge in Fig. 3. In-field loading test for the deteriorated
Korea PSC I typed girder bridge [6]
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3 REPAIR AND REHABILITATION RESEARCH

3.1 Strengthening materials

Deterioration of concrete structure causes degradation of structural performance and
durability. Deteriorated concrete structure requires strengthening, rehabilitation,
reconstruction, or demolition to guarantee the safety and serviceability of structure.
Accordingly, an appropriate strengthening should be strongly employed by using advanced
materials such as FRP composite materials. There are various types of fiber reinforced
composite materials such as plate, sheet and rod type. Materials made of carbon, glass, aramid,
basalt, bamboo as shown in Figure 4.
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Fig. 4. Various types of FRP materials for bars and sheets [7-11]
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3.2 Strengthening technique of existing concrete structures using FRP materials

Previous strengthening technique using the steel plate causes shortcoming due to its heavy
weight and easily corrosive condition against the external environmental attack. Fiber
reinforced polymer (FRP) ensures the advantages of high tensile strength, corrosion
resistance, and lightweight.

Fig. 5. Externally bonded FRP sysfems [12,13]
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Fig. 6. CF X bracing strengthening system for seismic [17]

The externally bonded reinforcement (EBR) is typical strengthening method using FRP as
shown in Figure 5. There are a number of researches about externally strengthening of
reinforced concrete structures using FRP for flexural and shear, punching shear, extension
of fatigue life, strengthening design methodology [14-16]. Recently, carbon fiber X-bracing
strengthening system for seismic as shown in Figure 6 was developed and the structural
efficiency was experimentally proved under the earthquake loading condition [17]. Above
tremendous experimental results were contributed to establish the design and construction
specification using FRP in Korea.

4 INNOVATIVE RESEARCH ON LOW EMMISION OF CARBON
DIAOXIDE FOR SUSTAINABLE CONSTRUCTION

4.1 GFRP rebar with surface ribs made of milled glass fibers

Deterioration in reinforcing steel bar in concrete members can lead to other serious structural
damage, eventually causing structural failure. The one of the advanced way to prevent
corrosion is to use a reinforcing material that does not corrode.

Core section
(Glass fiber and epoxy)

Surface structure
(Milled glass fiber and epoxy)

Fig. 7. Newly developed GFRP bar with ribs made of milled glass fiber
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Many studies have focused on developing new reinforcing materials, such as various types
of fibre reinforced polymers (FRPs) as already introduced in Figure 4, to solve the
fundamental problems of steel rebar [18]. The milled glass fiber is one that is hammer-milled
strands into very small lengths and are usually used to improve thermal properties and surface
ribs in the injection molding processes. The surface structure analogous to the ribs of ordinary
steel rebar was considered as shown in Figure 7. The spacing and height of a rib were finally
determined to be 6 mm and 1.3 mm, respectively [19]. Structural capacity such as strength
and serviceability for the GFRP bar reinforced concrete beam was experimentally
investigated under flexure [20].

4.2 Smart FRP bar embedded fiber bragg grating (FBG) sensor

This study developed a hybrid fiber-reinforced polymer (FRP) rod for the purpose of new
reinforcements with the function of fiber optic sensor (FOS) smart monitoring in concrete
structures. FOS provides more stable measurement without the electromagnetic interference
(EMI). Besides, the smart FRP bar can provide high tensile strength and better durable
property due to non-corrosion reinforcement to the concrete structures. A significant research
reported that the hybrid FRP rod could be used for a reinforcement and a smart monitoring
in concrete structures [21]. The fabrication process is briefly introduced in Figure 8.

(c) Therm_osetting with forming of (d) Checking the stability of
fiber ribs FOS sensing

Fig. 8. Fabrication process for FOS embedded FRP bar
4.3 Recycled aggregate concrete

Amount of construction waste has been largely increased from the demolition of old
structures and re-construction of buildings for improvement of the living standard. Expansion
of society warns to reserve of natural aggregate for construction become depleted rapidly.
Hence, social and environmental pressures on the construction wastes industry is greatly
focusing on n the recycling of the construction waste. In the past the recycling technique was
not satisfactory to produce a sufficient quality RCA for the aggregate. Recently, there has
been a great improvement in the recycling technique to produce RCA of which quality is
close to natural aggregate as well as economic efficiency [22-24]. The fabrication process is
shown in Figure 9.
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Fig. 9. Complete production process for recycled concrete aggregate [22]

4.4 Concrete with waste glass powder

Supplementary cementing materials (SCMs) such as fly ashes, slag cement (ground,
granulated blast furnace slag), and silica fume, are often added to concrete to make concrete
mixtures for more economical, reduce permeability, increase strength, or influence other
concrete properties [25-28]. Demands and application of SCMs would increase because of
decreasing of CO2 emission from cement producing as shown in Figure 10.
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Fig. 10. Reduction of CO2 emission by using SCM [28]
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4.5 Precast scour protection block

In order to apply the sustainable concrete technology developed in concrete research
structural lavatory (CSRL) to the construction society well, the design and construction
specification is required in advance. The publication of the specification for the sustainable
concrete technology takes much time, hence, sometimes challengeable approach is needed.
The precast product qualified by the experimental and analytical results may be available to
rapidly use in the appropriate field of construction. A good practice of this is introduced
below. Precast scour protection block made of concrete is an important construction member
for the structural safety of footing structures due to consistently dynamic flow around footing
soil. One of the significant approach was done to develop high durable and cost effective
scour protection block using FRP bar and recycled aggregate concrete as shown in in Figure
11[29, 30].

Fig. 11. Prototypes of precast scour protection block made of recycled aggregate concrete [29]

5 DESIGN SPECIFICATIONS

In past 30 years, Prof. Sim have greatly devoted to employ and advance the sustainable
concrete technology introduced above in Korea. These technologies are the field of
engineering, therefore, they are deserved to be widely used in construction society. For this,
first of all, the standard specification or guideline should be developed, reviewed and
published. Prof. Sim had largely contributed to publish many of specifications in the field of
construction of Korea. Some of representative works are as follows. In 2017, he studied to
register the concrete structure design specification of Korea to the international organization
for standardization (ISO) [31]. As an editor in chief, he revised the railroad design
specification for concrete bridge session [32]. He has participated to revise the highway
design specification of Korea [33]. In 2008, design and construction specification of FRP bar
reinforced concrete structures was published in order to spread out the fundamental approach
of FRP bar to the structural reinforcement in concrete structures [34].
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6 CONCLUDING REMARKS

In this paper, 30 year research on development for sustainable concrete technology is briefly
summarized. Prof. Sim’s research has been deeply related with developing concrete
structures to preserve the Earth’s environment. In summary, there are structural assessment
and strengthening method of deteriorated concrete structure, the new conceptual concrete
members such as the FRP reinforced or the recycled concrete structures. In last 30 years, the
number of published international journals are 38, domestic journals are 25 and scientific
conference journals are 314, respectively. Above outputs must truly be correlated with the
sustainable concrete technology in 21C.

This research was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (grant number
2016R1D1A1B03934809).
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