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Abstract: The improved movable weir supplements the advantages and disadvantages of the rubber weir and the conduction 
gate. It consists of a stainless steel gate, air bags, and a steel clamping plate. The stainless steel gate is the main body of the 
weir, and the inflatable rubber sheet serves to support the steel gate. The steel clamping plate is typically in direct continuous 
contact with water, but this leads to corrosion issues that can reduce the life of the entire movable weir. In this study, a panel-
type glass-fiber-reinforced polymer (GFRP) clamping plate was designed and fabricated. The test results showed that the 
flexural load of the panel-type GFRP composite clamping plate was over twice that of the wings type GFRP clamping plate. 
The lowest moisture absorption value was obtained upon exposure to tap water, and exposure to other solutions showed 
similar values. 
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I. INTRODUCTION 
 
The improved movable weir has been used 
extensively in river projects since its development, 
and demand for it is increasing [1–4]. A movable weir 
consists of several parts: rubber weir, hydraulic conduction 
gate, opening/closing sluice gate, hinge-type automatic 
sluice gate, and an S&R movable weir [4–6]. Demand 
has increased for the installation of rubber weirs and 
improved movable weirs [7–12]. The rubber weir is 
typically the pneumatic function type, which is based 
on the air intake/exhaust method [5]. 
This design is eco-friendly because it does not 
discharge pollutants into the river, but it is weaker 
than the plate gate [6]. The hydraulic plate 
conduction gate has excellent durability, but has the 
risk of polluting rivers with its hydraulic fluid [5,6]. 
The improved movable weir supplements the 
advantages and disadvantages of the rubber weir and 
the conduction gate, and uses both an inflatable air 
bag and a steel plate [5,6]. Figure 1 shows a 
photograph of the improved movable weir with its 
stainless steel gate, rubber sheet, and clamping plate. 
The stainless steel gate is the main body of the weir, 
and the rubber sheet is inflated to support the steel 
gate. The clamping plate fixes the rubber sheet to the 
base concrete. Currently, the clamping plate is 
installed on the rubber sheet in indirect contact with 
the water. Metals have typically been used to 
construct the clamping plate of the improved movable 
weir [6]. However, the clamping plate made of steel 
corrodes when in constant contact with water. Such 
corrosion may reduce the life of the entire improved 
movable weir [5,6]. This study has considered a 
variety of approaches to solving the problem of 
clamping plate corrosion: in  

 
(a) Photo 

 
(b) Schematic 

Fig.1. System of improved moveable weir 
 

particular, using glass-fiber-reinforced polymer 
(GFRP) composites. Using these for the clamping 
plate of the improved movable weir would solve the 
corrosion issues and improve the ease of installation 
because of their much lower weight. To date, GFRP 
composites have been used in architectural structures 
such as bars, sheets, plates, and grids [13–15]. They 
have been widely used as substitutes for steel bars 
because of their excellent corrosion resistance, for 
example, as the upper plate of bridges [13,16–19]. 
GFRP composites have been proven to be effective 
stiffeners for structures in challenging environments 
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because of their excellent specific strengths (strengths 
per unit weight) [20–22]. Extensive research has been 
conducted on structural uses of GFRP composites 
[13–24]. In addition, studies on fracture by general 
interface separation of GFRP composite using 
continuous filament mat layer have been carried out, 
and it has been found that horizontal failure occurs 
instead of failure of load direction (vertical direction) 
[23,24]. The current study explores using a GFRP 
composite as the substitute for metal in clamping 
plate design. A GFRP clamping plate was attached to 
the rubber dam to improve its durability [5]. However, 
problems occurred when the conventional GFRP 
clamping plate design was used in the improved 
movable weir; specifically, the wing-shaped parts at 
both ends were often damaged (Figure 2b). Thus, it 
was necessary to develop a GFRP clamping plate that 
could overcome this problem. This study designs and 
fabricates a panel-type GFRP clamping plate without 
wings. The conventional GFRP clamping plate used 
for the improved moveable weir should be changed 
only enough to solve only the fracture of the wing 
part while maintaining its existing role. This is 
because, if the overall shape of the GFRP clamping 
plate is changed, the shape of the improved moveable 
weir must be adjusted to the clamping plate. Our 
design eliminated the corrosion issue found with 
metallic clamping plates and damage to the wing 
parts since there were none in the design. In this 
study, the performance of a panel-type GFRP 
clamping plate was evaluated using destructive and 
durability tests, and its applicability for improving the 
durability of an improved movable weir was assessed. 
 
II. MATERIALS AND METHODS 
 
2.1. Materials and Mix proportions 
This study used E-glass fibers obtained from Hankuk 
fiber Group (Gyeongsangnam-do, Republic of Korea), 
a low-cost fiber with excellent mechanical 
characteristics, as the reinforcing fibers in a polymer 
matrix. The polymer matrix consisted of epoxy, vinyl 
ester, and polyester resin. Polyester resin is not 
suitable on its own for the clamping plate material, 
because it is easily destroyed by OH ions. Vinyl ester 
resin is also affected by OH ions; however, ester-free 
products significantly reduce this weakness.13 In this 
study, vinyl ester resin obtained from Ashland 
Chemical (Covington, KY, USA) was used due to its 
low cost and excellent durability. The mixture ratio 
for the GFRP material was 70% E-glass fibers and 30% 
vinyl ester resin by volume; pultrusion was used to 
form the shapes. The GFRP clamping plate was made 
by Yooil Engineering Co. Ltd (Kyunggi-Do, 
Republic of Korea). The volumetric mixing ratio of 
the panel-type GFRP clamping plate was as follows: e-
glass fiber 70%, vinyl ester resin 30%. The cross-
sectional view shows the two grooves that 
accommodated the air bags fixed at the bottom. For 
the panel-type GFRP clamping plate, the height and 

width of the section were 30 mm and 180 mm, 
respectively. The dimensions of the wings-type 
GFRP clamping plate used a 250 x 600 x 86 mm size. 
Figure 3b shows the design and shape of the wings-
type GFRP clamping plate. 

 
2.2. Absorption Test Methods 
Different solutions were applied to the GFRP 
clamping plate to mimic the effects of seawater and 
sodium sulfate environments on the composite. The 
rate of absorption was measured using tap water, 10% 
Na2SO4 solution, and 4% CaCl2 solution. The 
solution temperature was maintained at 60 C to 
accelerate moisture absorption. In this study, weight 
changes were measured daily for the first 50 days, 
and every 5 days until day 100 for the second 50 days. 
The absorption rate was calculated by measuring the 
weight change of the clamping plate and using 
Equation 1 [21,22]:  
 

(%)100
d

d

W
WWM                            (1) 

where M indicates absorption rate (%), W wet 
weight, and dW  dry weight. 
 
2.3. Flexural Load 
A flexural test was used to evaluate the mechanical 
properties of the panel-type GFRP clamping plate. 
Because the plate fixes the air bag to the concrete 
base, the plate does not experience a tensile load, but 
instead shear and flexural loads. The adhesive 
interface between the glass fiber and the polymer 
resin is a sensitive region whose failure could lead to 
destruction of the weir. The test was conducted for 
the existing wings-type GFRP clamping plate and the 
panel-type GFRP clamping plate. Figure 2 shows a 
photograph of the flexural test using a universal 
testing machine (UTM: model No. HST-100CS 
Hanshin Gumpong Co. LTd) with a capacity of 1000 
kN. The test speed was 1 mm/min and the span for 
the test was 300 mm. The test was carried out on six 
specimens. 

 
Fig.2. Flexural load test set-up. 

 
III. RESULTS AND DISCUSSION 
 
3.1. Absorption Properties 
Figure 3 shows the moisture absorption behavior of 
the GFRP clamping plate. When exposed to tap water, 
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the moisture absorption rate rapidly increased for the 
first 25 days of immersion and then stabilized. 
Similar behavior was observed for immersion in the 
other environments of CaCl2, Na2SO4, and MgSO4 
solutions. The absorption rate was the lowest in tap 
water, and the different solutions gave different 
absorption rates up to 50 days; the rates were quite 
similar at 100 days. Existing research on absorption 
characteristics after exposure to existing expedition 
environment suggests there is less than 2.0% 
absorption when GFRP composites are applied as 
reinforcing materials of concrete [21,22]. The test 
results indicated the highest absorption rate was about 
0.58% in the CaCl2, and it can be said to be stable as 
it showed relatively smaller absorption rate than 
2.0%.  
 

 
Fig.3. Absorption behavior of GFRP clamping plate 

 
3.2. Flexural Properties  
Figure 4 shows the flexural test results for the panel-
type GFRP composite clamping plate. Its load at 
flexural was more than twice as large as that of the 
wings-type GFRP clamping plate, namely, about 
245kN vs. 124 kN. Figure 5 shows the load-
displacement curve of the GFRP clamping plate. The 
wing-type FRP clamping plate increases the load, but 
the load drops due to cracking of the wing part. 
Thereafter, the load increases again as the 
displacement increases. Eventually, cracking occurs 
in the wings of the wings-type GFRP clamping plate 
and grows and extends throughout the GFRP 
clamping plate. Therefore, it can be seen that the 
wings-type clamping plate is largely maintained after 
the load is applied to the peak load. Also, the 
displacement was large until the maximum load was 
reached. In other words, displacement is continuously 
increased without increasing the load. However, the 
panel-type GFRP clamping plate increases the load in 
proportion to displacement up to the maximum load 
without reducing the load due to an initial crack. 
When the load reaches its maximum, the load 
decreases but not rapidly. The photographs of Figure 
7 show that the wings-type GFRP clamping plate was 
rapidly destroyed at the tap wings, while the panel-

type plate showed much less damage because of the 
absence of wings.  

 
Fig.4. Flexural load test results of GFRP clamping plate. 

 

 
Fig.5. Load vs displacement curve of GFRP clamping plate 

 

 
Fig.5. Flexural geometry of GFRP clamping plates after 

flexural load test 
 
CONCLUSIONS 
 
A panel-type GFRP composite clamping plate 
without wings was designed and fabricated for this 
study. The design overcame two significant 
shortcomings of conventional clamping plates: metal 
corrosion and damage to the wings. Moisture 
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absorption, flexural load tests were conducted to 
evaluate its performance. The test results are 
summarized as follows: 
1. Flexural load testing showed that the value for the 
panel-type GFRP composite clamping plate was over 
twice that of the wings-type GFRP clamping plate. 
The latter had an average flexural load failure point 
of about 124 kN, while the panel-type GFRP 
clamping plate had a value of about 245 kN. 
 
2.The lowest moisture absorption rate was obtained 
during exposure to tap water; soaking in the other 
liquids gave similar values.  
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