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ABSTRACT 
Steel bars are used to bear tensile stresses in reinforced concrete (RC) and are used in many structures. 
However, when the passive film of the rebar is destroyed due to chloride attack or neutralization, 
corrosion progresses, reducing the durability, as well as the bearing capacity of the structure. A possible 
solution to this problem is the use of reinforcement with excellent corrosion resistance. For example, 
Fiber-reinforced plastics (FRP). In order to assess the tensile strength of thermoplastic BFRP (BFRTP), 
that are composites of basalt fiber and thermoplastic polypropylene, tensile tests of BFRTP rods 
embedded in cement paste were conducted in an alkaline environment. The results of the test show that 
the alkaline environment had little effect on the tensile strength of the BFRTP rod if the pH of the 
cement paste was about 10.98, even if the basalt fiber was exposed. 

Keywords: Thermoplastic BFRP, Basalt fiber, Alkaline environment, Tensile strength. 

1.INTRODUCTION 
Figure 1. shows a corrosion of the structure's rebar. Steel bars are used to bear tensile stresses 
in reinforced concrete (RC) and are used in many structures. If the passive film of the rebar is 
destroyed by chloride attack or neutralization, corrosion progresses, reducing the durability and 
the bearing capacity of the structure. One solution to this problem is the use of reinforcement 
with excellent corrosion resistance. 

Fiber-reinforced plastics (FRP) are widely used in various fields because they are lightweight, 
strong, and do not corrode like steel, and it is expected that in the near future, BFRTP bars will 
be used in RC structures [1,2].  For this reason, research has been conducted in the use of FRP 
as reinforcing bars in concrete to extend the service life of structures [3]. The high cost of 
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thermosetting FRP, which is generally available in the market, is one of the factors that have 
hindered its widespread use. On the other hand, thermoplastic FRP requires fewer production 
processes, and if productivity can be improved by continuous molding, cost reduction can be 
expected [4]. In addition, since FRP rods can easily be molded by applying heat, they are also 
expected to be used as shear reinforcement. Several investigations of thermosetting FRP used 
as shear reinforcement have been reported [5,6]. Among those, a study by Maruyama et al [7]. 
experimentally investigated the tensile strength of CFRP and AFRP in a bent section. Research 
that while tensile tests on bent steel bars did not fail at corners, FRP failed at both corners, 
indicating that corner corners are a weak point of FRP. There are only a few studies on 
thermoplastic FRP, among which Arikawa et al [8] found that even thermoplastic AFRP are 
weak at corners in bending. 

Thermoplastic BFRP (hereinafter referred to as BFRTP, Basalt Fiber Rein-forced Thermo 
Plastics) is a composite material combining basalt fiber and polypropylene, a thermoplastic 
resin. Basalt fiber has a superior tensile strength and alkali resistance than glass fiber [9]. The 
thermoplastic resin (polypropylene) has the characteristic of becoming soft like chocolate when 
heated and hard when cooled, and since rods are formed with a fiber layer on the inside and a 
resin on the outside, they have high alkali resistance as reinforcing bars for concrete and can 
be bent, a characteristic of thermoplasticity. BFRTP rods are expected to be used as stirrups, 
taking advantage of this characteristic. Figure 2. shows the BFRTP rod used in this study. 
Figure 3. shows a BFRTP rod that has undergone the bending process; as it can be seen, the 
polypropylene resin that forms the rod is damaged in the bent section, exposing the fibers.  
Exposure to a high alkali environment may cause fiber leaching [10,11].  

Therefore, in this study, (1) tensile tests of basalt fibers, (2) tensile tests of BFRTP rods, and 
(3) tensile tests of BFRTP rods embedded in cement paste were conducted to simulate the 
bending section of BFRTP rods in an alkaline environment and to determine their tensile 
strength. In this study, in addition to the strength of basalt fibers in an alkaline environment, 
we evaluated the tensile strength of BFRTP rods in cement paste. The results of this study 
contribute to the application of BFRTP rods with bent parts to concrete members and include 
a great deal of expandability in addition to novelty. 

 

 

 

Figure 1. Corrosion of reinforcing steel in the structure  

Rebar corrosion
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2. SINGLE FIBER TENSILE TEST 
2.1 Outline of experiment 
In this experiment, calcium hydroxide solution (pH 12.8) was used to simulate the alkaline 
environment in concrete in order to investigate its effect on the Basalt fiber itself. Additionally, 
distilled water (pH7.8) was utilized for a comparison case. Basalt fibers used in BFRTP rods 
were immersed in calcium hydroxide solution and distilled water for 1, 3, 7, and 28 days (see 
Figure 4.), and tensile tests were conducted on single Basalt fiber threads. 

The tensile strength of a single Basalt fiber was determined in accordance with JIS R 7606, as 
shown in Figure 5.  

The surface of the Basalt fiber was observed with a microscope and a scanning electron 
microscope (SEM) to determine the effect of alkaline environment. 

 

2.2 Results and discussion 
Figures 6. and 7. show the change in tensile strength of Basalt fibers due to soaking time, as 
well as the average value of 20 tests. Basalt fibers soaked in distilled water (pH 7.8) for 1 day 
showed a 20-30% decrease in strength when compared to sound fibers. However, the tensile 
strength did not change significantly as the number of soaking days. Basalt fibers soaked in 
calcium hydroxide solution (pH 12.8) for 1 day showed a 20-50% decrease in strength, similar 

 
Figure 4. Basalt fiber immersed in alkaline solution               Figure 5. Test specimen overview and tensile 

The figure shows the fiber immersed in alkaline solution, but distilled 
water was also immersed in the same solution.
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Figure 2. Outline of BFRTP rod            Figure 3. BFRTP rod after bending 

BFRTP Rod Stirrup Resin damaged, fiber exposed
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to that of distilled water, indicating that the strength decreased with soaking time. No 
significant change in strength loss was observed in distilled water and alkaline solution due to 
differences in temperature environment. 

In a previous study [10], it was shown that the cross section of glass fiber decreases due to the 
reaction of SiO2 in the fiber and NaOH in the alkaline solution. Basalt fibers are also thought 
to react solution in the same way, resulting in a decrease in fiber cross-section. 

 

 

Figure 8. shows the microscope used and microscopic measurements of the diameters of basalt 
fibers soaked in pH 12.8 (60°C) for 28 days and healthy fibers at 700x.The average diameter 
of 10 healthy basalt fibers was 18.89 μm, and the average diameter of 10 basalt fibers immersed 
in pH 12.8 (60°C) for 28 days was 18.39 μm. These results were unlikely to be due to cross-
sectional reduction. Therefore, the surface condition of the Basalt fibers was observed with 
SEM to investigate the cause of the strength reduction of the fibers.  

Figure 9. shows the scanning electron microscope used and a comparison between sound basalt 
fibers and fibers soaked in pH 7.8, and pH 12.8 at 60℃ at 3000x.The surface of the healthy 
fiber and the basalt fiber soaked at 60°C for 28 days in pH 7.8 are clean, while the basalt fiber 
soaked at 60°C for 28 days in pH 12.8 is uneven in the area indicated by the red circles. This 
is due to leaching caused by the alkaline solution. It is thought that this phenomenon occurred 
in great quantity, leading to a decrease in strength. 

 

          
    Figures 6. Tensile strength of single thread at 20°C                Figures 7. Tensile strength of single thread at 60°C 
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Figure 8.  Microscope used and Fiber diameter measurements by microscope (700x) 
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3. TENSILE TEST OF BFRTP RODS 
3.1 Outline of experiment 
In this experiment, calcium hydroxide solution (pH 12.8) was once again utilized to simulate 
the alkaline environment in concrete. Tests were conducted to investigate the effect of the 
alkaline environment on the tensile strength of BFRTP rods. The experiments considered two 
cases: (1) sound rods (2) rods with defects (polished with sandpaper). The BFRTP rods were 
immersed in pH-adjusted solutions of distilled water and calcium hydroxide, and tensile tests 
were performed after 28 days. To prevent neutralization of the solution during the exposure 
period, the container was sealed and the exposure was conducted at a room temperature of 
20°C.  

Figure 10. shows the tensile strength specimens. Threaded steel tubes were attached to both 
ends of the BFRTP rods after the exposure period was completed, using a static crusher as an 
expander (Main component: calcium oxide). Tensile tests were conducted at a loading rate of 
1.2 N/mm2/s with a strain gage attached at the center of the specimen. These tests were 
performed 7 days after placing the expensive agent (total age of the specimens: 35 days) to 
ensure its sufficient strength. 

 

 

 

Figure 9.  Scanning electron microscope and fiber surface by Scanning electron microscope (3000x) 
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Scanning electron microscope

 

Figure 10. Outline of Tensile Test Specimen 
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3.2 Results and discussions 
Figure 11. presents a stress-strain curve of a BFRTP rod immersed in distilled water (pH 7.8) 
for 28 days. According to the results, no significant differences were observed between the 
soundness and rods with defects cases. 

Figure 12. present a stress-strain curve of a BFRTP rod immersed in pH 12.8 for 28 days. As 
it can be observed, there was a decrease in tensile strength in the case of rods with defects. This 
suggests that exposing fibers to a highly alkaline environment causes a decrease in strength. 
On the other hand, distilled water did not significantly affect the tensile strength of BFRTP 
rods with exposed fibers. 

Figure 13. shows the average tensile strength of BFRTP rods immersed in alkaline solution 
for 28 days and the distribution of the data. Although there was some variation in tensile 
strength, it was not significant for the case of sound BFRTP rods immersed in distilled water 
and immersed in the alkaline solution. On the other hand, comparing the tensile strength of 
BFRTP rods with defects immersed in distilled water and immersed in alkaline solution, there 
was a decrease in strength of about 50 to 150 N/mm2. This suggests that the alkaline 
environment degraded the BFRTP rods, resulting in a decrease in strength. The fact that the 
BFRTP rods with defects showed no reduction in strength in distilled water (pH 7.8) also 
supports the above conclusion. Although the leaching of fibers and degradation of basalt could 
not be confirmed visually, test results suggest that BFRTP rods with defects or damage will 
lose tensile strength when exposed to an alkaline environment. 

 

                                            
Figure 11. After immersion in pH 7.8 for 28 days            Figure 12. After immersion in pH 12.8 for 28 days                 

Stress-strain curve of BFRTP                                            Stress-strain curve of BFRTP 

                                                                                                       
Figure 13. Tensile strength of BFRTP immersed in alkaline solution 
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4. TENSILE TEST OF BFRTP EMBEDDED IN CEMENT 
PASTE 

4.1 Outline of experiment 
Table 1. shows the cement paste composition and compressive strength used in this experiment. 
It was made of HPC and H+BFS+FA with a water-binder ratio (W/B) of 0.40. The binder was 
made of high strength Portland cement (H), blast furnace slag fine powder (BFS), and fly ash 
(FA): 3:5, and the pH was lower than that of the HPC formulation. Here, a soldering trowel 
was used to melt the resin on the surface of the BFRTP rods to expose the fibers without 
damaging them. This was done in an area of 50mm of length at the center of the rod. The 
method utilized in Chapter 3 to case defects on the rods was not utilized in this case as it would 
also damage the fibers In addition, a case was added in which Polyethylene tape was wrapped 
around the defective area to prevent alkali solution from penetrating through the defective area 
was also considered.  

Figure 14. presents the tensile test specimens of BFRTP embedded in cement paste. In the 
experiment, cement paste rectangular prisms of 40 x 40 x 160 mm dimensions were casted at 
the center of BFRTP rods, wet-cured at 60°C, and after 28 days of age, the BFRTP rods were 
removed and tensile tests were conducted using the same procedure as described in Chapter 3. 

The cement paste pH was also examined using cylindrical specimens. This was done with an 
electronic pH meter by grinding the specimens until they passed through a 0.15-mm sieve and 
extracting the filtrate with warm water, in accordance to JIS A 1154, Appendix B. 

 

Table 1. Cement paste mixture 

 

 

 

Figure 14. The specimen was embedded in cement paste overview of BFRTP tensile test 

 

Punching condition After dismantling

Cement paste dimensions: 40 x 40 x 160 mm

After wet curing at 60℃ for 28 days, only the
BFRTP rods were taken out and steel pipes
were attached as in Figure8, and tensile test
specimens were prepared.
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4.2 Results and discussions 
Figure 15.  presents the procedure for measuring the mortar paste, and Figure 16.  shows the 
change in mortar paste pH. The results show that the pH of HPC ranged from 13.14 to 11.61 
from the fresh condition to 28 days of age, while that of H+BFS+FA ranged from 12.70 to 
10.98 in the same time period. 

Figure 17. shows the mean tensile strength and variation of the sound and defects BFRTP rods 
before casting of the paste. A t-test was conducted on these test results to see if there was a 
significant difference between both of these cases. However, no significant difference was 
found. Therefore, it is concluded that the method of providing defects utilized in this chapter 
had little effect on the tensile strength of the BFRTP rods. 

Figure 18. shows the mean and variation of the tensile strength of BFRTP rods after being 
embedded in HPC for 28 days at 60°C. It shows that the tensile strength of the rods did not 
decrease when they were sound, and that the tensile strength of the rods decreased when the 
rods were in no good condition. Additionally, there was a strength reduction of about 50% in 
the case with defects and about 20% in the case of rods of defects + tape. These results suggest 
that the HPC mortar paste significantly affected the exposed fibers due to its alkaline 
environment. It is also assumed that utilizing tape reduced the area where the fibers were in 
contact with the alkali, thereby reducing the strength loss. 

Figure 19. shows the average tensile strength of BFRTP rods after being embedded in 
H+BFS+FA for 28 days at 60°C and their variation. It shows that there was no significant 
decrease in tensile strength ferny of the considered cases. These results may suggest that the 
leaching of the fibers has little effect on the tensile strength of the BFRTP rods if the pH of the 
cement paste is around 10.98, even if the basalt fibers were exposed. However, since the results 
of this experiment were obtained up to 28 days of age, long-term data is an issue for the future. 

The results in this chapter also indicate that the tensile strength of sound BFRTP rods is not 
affected by the alkaline environment in the concrete because the basalt fibers are protected by 
the thermoplastic resin and do not exhibit strength loss. On the other hand, the tensile strength 
of the damaged BFRTP rods was more affected by the alkaline environment of the cement 
paste than by the alkaline environment of the alkaline solution and showed a decrease in 
strength. In other words, these results show a similar tendency to the results of the Test 
specimen overview and tensile shown in Chapter 2, and it is thought that the alkali in the cement 
paste affects the strength reduction of BFRTP. 

 
Figure 16. PH of cement paste during curing period 
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5. Conclusion 
The main findings of this study are as follows. 

(1) The results of single fiber tests showed that their tensile strength decreased with immersion 
period under an alkaline solution of pH 12.8. This result was not due to a decrease in the cross-
sectional area of the basalt fibers, but was considered to be caused by fiber leaching, to the 
extent that the surface became uneven, leading to this decrease in strength. 

(2) The results indicated that the tensile strength of BFRTP rods with defects or damage 
decreased when exposed to an alkaline environment with a pH of about 12.8. 

(3) The results of tensile tests of BFRTP rods after being embedded in cement paste suggest 
that the leaching of fibers has little effect on the tensile strength when the pH of the cement 
paste is around 10.98, even if the basalt fibers are exposed. 
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Figure 15. the procedure for measuring the mortar paste 
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           Figure 17. Comparison of soundness and defects of BFRTP rods before casting 

           

     Figure 18. Tensile strength of each HPC case        Figure 19. Tensile strength of each H+BFS+FA case  
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ABSTRACT 

To improve the seismic performance of reinforced concrete (RC) members, it is necessary to give 
sufficient consideration not only to the strength but also to the ductility. In this study, a new ductility 
improving measure for RC piers was proposed by using longitudinal reinforcement with a pre-deformed 
inward bending at the plastic hinges. In addition, the full-scale models of RC pier tests were conducted. 
Lateral cyclic loading experiments for normal specimen and ductility-improving specimen were 
conducted to investigate the effectiveness of the proposed measure. Their performances were 
investigated in terms of failure mode, hysteretic properties, and ductility. The results showed that the 
proposed method could improve the bearing capacity and ductility.  

Keywords: Seismic performance, Ductility, Cyclic loading test, Pre-deformed steel bars, RC 
pier 

 
1 INTRODUCTION 
The present seismic design methodology for bridges is designed to secure their seismic 
performance against predetermined design seismic ground motions. However, it does not 
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inherently ensure performance resilience against seismic events exceeding the designated 
design assumptions, potentially leading to the failure of bridge components or even the 
complete collapse of the bridge system. To enhance the overall seismic resilience of the bridge 
system in the face of larger earthquakes, it becomes imperative to augment both the seismic 
reinforcement (bearing capacity) and ductility of the bridge components, particularly for the 
piers. Ductility is the ability of structures to be subjected to several cycle loading and still 
survive without a substantial strength degradation, and it is necessary for reinforced concrete 
(RC) structure to avoid all forms brittle failure and provide an early warning of failure without 
suddenly crush or collapse [1 - 4]. 

RC pier plays a significant role on seismic performance of concrete structure because it can 
transmit force from superstructure to the foundations. The stable ability of pier required to resist 
severe earthquake mainly depends on large inelastic deformations in plastic hinge. There are 
many methods which focus on enhancing the ductility of RC pier. It is well known that the 
transverse reinforcement can prevent lateral buckling of the longitudinal reinforcement and 
confine the core concrete by imposing lateral confining pressure [5 - 8]. Hence, the pier can 
provide adequate ductility when sufficient transverse reinforcement is provided.  

A ductility-improving pier was characterised by placing pre-deformed longitudinal 
reinforcement in concrete, which could restrict the buckling of the longitudinal reinforcement. 
The design philosophy was derived from a high-ductility RC beam [9]. As shown in Fig. 1, for 
normal RC beam, when the concrete failed under compression, the steel bars in compressive 
area (with a cross-sectional area of about 1/2 to 1/3 that of the steel bars in tensile) would buckle 
outwards. On this occasion, a balance of forces in the compression and tension zones could not 
be maintained and the RC beam would collapse. As shown in Fig. 2, the high-ductility beam 
was installed the longitudinal reinforcement below the compressive damage zone of the 
concrete [9]. This meant that even if compression damage of concrete occurred, the steel bars 
would not be easy to buckle. In addition, the forces in the compression and tension zones of the 
RC beam were balanced, because the longitudinal reinforcements under tension and 
compression had the same cross-sectional area, as shown in Fig. 2 (c). In brief, force 
equilibrium could be maintained before and after the failure the concrete on the compression 
side. The experimental results revealed that the ductility factor was μ = 38. 

Based on the methodology described above, to improve the ductility of RC structures, the 
compressive and tensile forces should be balanced even the compressive failure of concrete 
occurred. Therefore, as shown in Fig. 3, a RC pier with an improving ductility was designed by 
pre-deforming the longitudinal reinforcement, which restricted the buckling of longitudinal 
reinforcement even after the cover was spalled. Hence, the RC pier could still maintain the 
balance of forces between compressive and tensile steel rebars. 



PROTECT 2024 
Singapore 
Aug 14-16, 2024 

9th International Colloquium on Performance, Protection & Strengthening of Structures Under Extreme Loading 
& Events August 14-16, 2024, Singapore 

 

Figure 1. Normal beam: (a) cross section; (b) schematic diagram of the balance of forces. 

 

 

Figure 2. High ductility beam: (a) cross section; (b) schematic diagram of the balance of forces before damage 

of concrete; (c) schematic diagram of the balance of forces after damage of concrete. 

 

 

Figure 3. The design philosophy of proposed ductility improvement. 

 

In this paper, the experimental program was conducted to investigate the effect of pre-deformed 
longitudinal reinforcement on the ductility of RC pier under reversed cyclic load. Tow full-
scale model test of normal and ductility-improving piers were conducted by lateral reversed 
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cyclic load. Their performances were analysis in terms of failure mode, hysteretic properties, 
and ductility. 

2 EXPERIMENTS 
2.1 Test specimens 
Two RC pier specimens were fabricated for experimentation. The Fig. 4 presented the 
dimensions and reinforcement layout of test piers. The difference between the two specimens 
was the shape near the footing. The conventional RC pier, denoted as type 1, served as the 
referenced specimens. The cross-section was 35  × 3   mm2 with a height of 16   mm. While 
the ductility-improving pier was labelled as type 2. Owing to the curved shape, the dimensions 
of cross-section for the type 2 partly varied near the footing. The radius of the curved part was 
1955 mm. The rest of dimensions of cross-section for type 2 were same as type 1. The cover 
thickness was maintained 4  mm. The material mechanical parameters of concrete and steel 
rebars were listed in Table 1 and Table 2.  

 

 

Figure 4.  chematic diagram of reinforcements (a) type 1 (b) type 2 

 

Table 1. Material mechanical parameters of concrete 

type 1 type 2 

Compressive strength 

(N/mm2) 

Tensile strength 

(N/mm2) 

Compressive strength 

(N/mm2) 

Tensile strength 

(N/mm2) 
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Table 2. Material mechanical parameters of steel rebars 

 pecimens 
Yield strength  

(N/mm2) 

Tensile strength  

(N/mm2) 

Elongation  

(%) 

 tirrup 388 542 23 

Main rebars 4 4 549 21 

 re-deformed main rebars 4   56  2  

 

2.2 Test procedure 
A reversed cyclic displacement-controlled load was applied to the top of specimens as the 
shown in Fig.5 while the specimens were subjected to constant axial load. Fig. 6 showed the 
lateral loading history. Three cycles were applied at each displacement level. The initial 
displacement level was determined to be that when the longitudinal reinforcement reached the 
initial yield δy. The incremental displacement for each cycle was integral multiples of the δy, 
and tests were terminated after the reaction force dropped to below 5 % of maximum force 
Fmax. 

 

 
Figure 5.  chematic diagram of setup 
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Figure 6.  ateral cyclic loading 

 

3 TEST RESULTS 
3.1 Experimental observation 
For both samples, the initial cracks appeared in a perpendicular direction to axis of pier. They 
were distributed around footing. No new main cracks were observed after displacements were 
2δy and 3δy for type 1 and type 2, respectively. The number of cracks and the width of crack 
developed with the increase of displacement and different cracks connected. Then concrete 
started spalling and gradually formed plastic damaged area as shown in Fig.  and Fig. 8. For 
the type 1 the plastic damaged area manly concentrated near footing. However, for type 2 the 
plastic damaged area slight moved upward to the top block. The longitudinal reinforcement 
buckled at a displacement of 9δy and 8δy for type 1 and type 2, respectively. It was worth 
mentioning that a buckling in plane for type 1 occurred, but an out plane for type 2, which was 
not considered during the design phase and buckling in plane was effectively prevented. For 
both samples, the longitudinal reinforcement failed at 1 δy with a bending failure.  

 

 

Figure 7. Failure pattern of type 1: (a) west face; (b) east face. 
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Figure 8. Failure pattern of type 2: (a) west face; (b) east face 

 

3.2 Hysteresis curves 
Fig. 9 showed the comparisons of hysteresis curves between type 1 and type 2. There were 
stable hysteretic behaviours in type 1 and type 2. The hysteresis curves of type 1 and type 2 
were  -shaped and showed a pinching response with the increase of lateral displacement. 
Meanwhile, the hysteresis curves of type 1 and type 2 were almost centrosymmetric as whole. 
It indicated that the mechanical properties for both specimens were similar under the reverse 
cyclic lateral load. The yield displacements δy were about 22.5 mm and 18.8 mm for type 1 and 
type 2, respectively. For type 2, the initial stiffness and bearing were improved due to the 
increase of cross section. Due to the rupture of longitudinal reinforcement in type 2, the curve 
abruptly declined down at 1 δy.  

 

Figure 9. Hysteresis curves of type 1 and type 2. 
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𝜇  
𝑋𝑡
𝑋𝑦

 (1)  

where Xy was the corresponding displacement of longitudinal reinforcement when first yielding 

occurred and Xt was the corresponding average ductility displacement when bearing had 

undergone a 2 % reduction, as shown in Fig. 1 . 

 

 

Figure 10. The definition of ductility. 

 

For type 1, the yield displacement δy was 22.5 mm, the displacement at maximum load Fmax 
was 2δy and the test was terminated at 1 δy. However, type 2 had a yield displacement δy = 18.8 
mm, the displacement at Fmax was 3δy and the test was terminated at 11δy. The bearing and 
ductility for each specimen were listed in Table 3. For type 1, the bearing was approximately 
54.3  kN. The average ductility displacement was 145.4  mm. The ductility factor µ was 
derived to be approximately 6.4 . Nevertheless, the bearing of type 2 was approximately 62.1  
kN. The average ductility displacement was 135.26 mm. The ductility factor µ was  .19. These 
results indicated that the bearing and ductility were both enhanced in type 2 due to the pre-
deformed longitudinal reinforcements. 

 

Table 3. The ductility parameters for both specimen 

 pecimen Bearing (kN) 
Ductility displacement (mm) 

Yield displacement δy (mm) Ductility factor µ 
 ositive Negative Average 

type 1 54.3  145.34 -145.61 145.4  22.5 6.4  

type 2 62.1  13 .61 -132.9  135.26 18.8  .19 
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4 CONCLUSIONS 
In this paper, a new ductility improving measure for RC piers was proposed by using 
longitudinal reinforcements, which were inward bending at the plastic hinges.  ubsequently, to 
investigate the effectiveness of the proposed measure, the experiments were conducted on full-
scale model of RC piers under cyclic lateral loading. The following main conclusions can be 
drawn: 

As a new measure to improve ductility, this paper proposed a method using inwardly bent 
longitudinal reinforcement to prevent buckling in plane. 

For the type 1 the plastic damaged area manly concentrated near footing. However, for type 2 
the plastic damaged area slight moved upward to the top block. For both samples, the 
longitudinal reinforcement was buckled. For type 1, the buckling occurred in plane. But for 
type 2, they occurred out plane, which was not assumed at the design stage and buckling in 
plane was effectively prevented. 

The results of the lateral reversed cyclic loading tests showed that the proposed method 
improved the load bearing capacity and ductility. 

 

ACKNOWLEDGMENTS 

This first author is funded by the China  cholarship Council from Ministry of Education of  .R 
China. (C C NO. 2 21      12). 

 

REFERENCES 

[1] Dang, V. H., & François, R. (2014). Prediction of ductility factor of corroded reinforced 
concrete beams exposed to long term aging in chloride environment. Cement and Concrete 
Composites, 53, 136-147.  

[2] Park, R. (1986). Ductile design approach for reinforced concrete frames. Earthquake 
spectra, 2(3), 565-619. 

[3] Park, R. (1988, August). Ductility evaluation from laboratory and analytical testing. In: 
Proc. 9th world conference on earthquake engineering (Vol. 8, pp. 605-616). Tokyo-Kyoto 
Japan. 

[4] Sharma, U. K., Bhargava, P., Singh, S. P., & Kaushik, S. K. (2007). Confinement 
reinforcement design for plain and fibre reinforced high strength concrete columns. 
Journal of Advanced Concrete Technology, 5(1), 113-127.  

[5] Yuen, T. Y., Kuang, J. S., & Ho, D. Y. (2017). Ductility design of RC columns. Part 2: 
extent of critical zone and confinement reinforcement. HKIE Transactions, 24(1), 42-53.  



PROTECT 2024 
Singapore 
Aug 14-16, 2024 

9th International Colloquium on Performance, Protection & Strengthening of Structures Under Extreme Loading 
& Events August 14-16, 2024, Singapore 

[6] Dhakal, R. P., & Su, J. (2018). Design of transverse reinforcement to avoid premature 
buckling of main bars. Earthquake Engineering & Structural Dynamics, 47(1), 147-168. 

[7] Watson, S., Zahn, F. A., & Park, R. (1994). Confining reinforcement for concrete columns. 
Journal of Structural Engineering, 120(6), 1798-1824. 

[8] Anzlin, A., Fischinger, M., & Isakovic, T. (2015). Cyclic response of I-shaped bridge 
columns with substandard transverse reinforcement. Engineering Structures, 99, 642-652. 

[9] Masami Koshiishi. (2017). High-ductility RC beam structure. Japan Patent No. 6152975. 




