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Bonding Characteristics of Basalt Fiber Sheet as Strengthening
Material for Railway Concrete Structures

.1.
wye ' sy

Cheolwoo Park - Jongsung Sim

Abstract Concrete structures become more common in railway systems with an advancement of high speed train

technologies. As the service life of concrete structures increases, structural strengthening for concrete structures may
be necessary. There are several typical strengthening techniques using steel plate and fiber reinforced polymer (FRP)
materials, which have their own inherent shortcomings. In order to enhance greater durability and resistance to fire and
other environmental attacks, basalt fiber material attracts engineer's attention due to its characteristics. This study
investigates bonding performance of basalt fiber sheet as a structural strengthening material. Experimental variables
include bond width, length and number of layer. From the bonding tests, there were three different types of bonding
failure modes: debonding, rupture and rip-off. Among the variables, bond width indicated more significant effect on
bonding characteristics. In addition the bond length did not contribute to bond strength in proportion to the bond length.
Hence this study evaluated effective bond length and effective bond strength. The effective bond strength was compared
to those suggested by other researches which used different types of FRP strengthening materials such as carbon FRP.

Keywords : Basalt fiber sheet, bond strength, Effective bond length, Strengthening
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(a) Basalt fiber sheet (b) Enlarged view of basalt fiber sheet

Fig. 1. Basalt fiber sheet for strengthening of concrete structure
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Table 1. Chemical compositions of basalt fiber

Chemical .
composition Si0; | ALO; | Fe:03 | CaO | MgO
Content (%) 49 14 12 9.5 s

Table 2. Physical property of basalt fiber sheet and strength com-
parisons [9]

Tensile strength (MPa)

Dia. |Density| E . Basalt
3 strain | Basalt Carbon | Glass

mm 'cm’) [ (GPa

(mm) | (g/em) | (GP) (%) fiber sf;bezrt fiber | fiber

106 | 2.6 7.6 2.6 992.4 |1040.1 |3528.1 11798.3

Ultimate
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{b) Fabricated specimens

(a) Schematic of test specimen

Fig. 2. Schematic and fabricated test specimen
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(b) Specimens with strain gages
installed

(a) Location of strain gages
(unit: cm)

Fig. 3. Location of strain gages and installed strain gages
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Table 3. Description of specimens and experimental variables

Specimen Bond length, | Bond width, | No. of |Bond area
P L (cm) B (cm) layer (cm®)

10B20L1P 1
| 10 200
10B20L2P 2
— 20

15B20L1P 1
| 15 300
15B20L2P 2

10B30L1P 1
] 30 10 300
10B30L2P 2

05B40L1P 1
— 5 200
05B40L2P 2

10B40L1P 1
1 40 10 400
10B40L2P 2

20B40L1P 1
] 20 800
20B40L.2P 2

(a) Details of testing apparatus

(b) View of experiment

Fig. 4. Detailed description of experiment
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Fig. 5. Failure mode of basalt fiber sheet
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Table 4. Test results of experiment

' Bond Bond Bond Failure Bond Failure Effective bond Eff. Bond
Specimen length, width, area load strength length, strength
L (cm) | B (em) | (cm?) (N) (MPa) mode Leff (cm) | wiLeff (MPa)
10B20L1P-1 4.6 0.24 rip-off 0.95
10B20L2P-1 10 200 12.9 0.67 debonding 5 2.69
10B20L2P-2 20 9.8 0.51 debonding 2.04
15B20L1P-1 10.2 0.36 rip-off 1.42
15B20L2P-1 15 300 14.6 0.51 rip-off 5 2.03
15B20L2P-2 16.6 0.58 rip-off 2.30
10B30L1P-1 7.4 0.26 rip-off 1.54
10B30L2P-1 30 10 300 11.6 0.40 debonding 5 2.41
10B30L2P-2 11.6 0.40 debonding 241
05B40L1P-1 3.0 0.16 rupture 0.63
05B40L1P-2 5 200 4.4 0.23 rupture 10 0.92
05B40L2P-1 7.1 0.37 debonding 1.47
10B40L1P-1 43 0.11 rupture 0.44
10B40L1P-2 40 10 400 7.8 0.20 rupture 10 0.81
10B40L2P-1 10.7 0.28 debonding 1.11
20B40L1P-1 12.0 0.16 rip-off 0.62
20B40L1P-2 20 800 14.5 0.19 rip-off 10 0.75
20B40L2P-1 23.7 rip-off 1.23
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Table 5. Related literatures on effective bond length of FRP strengthening materials for concrete structures

Type of Compressive strength | Bonded | Bonded | Effective bond Eff. bond
Reference strengthening of concrete used width length length, strength Remark
material (MPa) (cm) (cm) Leff (cm) wiLeff (MPa)
.Chajes et al. . Bonded length
’[13] graphite/fepoxy | 26.0 (15x15%23) 254 | 5.1~203 - 1.83~5.27 O‘I;a: usee‘:lg
Park et al. [3] | carbon fiber 26.0 (8x10x25) 2~4 4~24 12~16 1.40~6.27
Choi et al. [14] | carbon fiber 20.6 (10x10x40) 4 4~30 15 0.98~1.19
carbon fiber 20~30 (10x15x35) 5~10 2.5~12.5 - 1.04~4.49
Lee Bonded length
[15] glass fiber 24.5 (10x15%33) 5,75 2.5~9.4 - 0.78~2.61 was usedgt
aramid 24.5 (10x15x35) 5,15 2.5~9.4 - 0.78~2.71
Park et al. [16] | carbon fiber 26.5 (10x10x40) 2~6 10~35 10~35 1.30~2.10
. 5 0.95~2.69
This study basalt fiber 27.4 (20x20%40) 5~20 20~40 10 0.44-1.47
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