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Anchoring characteristics of CFRP strips and application for an existing bridge with tensioned CFRP strip method
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In order to evaluate the performance of both carbon fiber reinforced polymer (CFRP) strips
and characteristics of anchoring devices which were used for the tensioned CFRP strip method,
tensile tests were conducted. In the tests, the strength of several kinds of CFRP strips and the
performance of anchoring devices were evaluated. The test results showed that CFRP strips has
enough tensile strength and the anchoring devices are good enough. And also, application study
of tensioned CFRP strip method to the bridge girders was introduced. In this application, on-site
load test were conducted before and after the application. According to the test results, the
tensioned CFRP strip method proved effective to reduce the deflection of the main girders, the

stress in the reinforcing bars and crack widths.
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Table.] Specifications of CFRP strip (theoretical values)

in Casel
Width (mm) 50
Thickness (mm) 2
Volume fraction of fiber (%) 62.2
Modulus of elasticity (N/mny) | 148
Tensile strength (N/mm?) | 3050
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The specimen of tensile test (in Casel)

Table.2 Results of tensile tests (in Casel)

Specimen Embedment | Maximum Failure
length load
No. pattern
(mm) (&N)

C10-1 100 136 S
C10-2 100 129 S
Average 132 (43%)

Cl15-1 150 204 S
C15-2 150 182 S
Average 193 (63%)

C20-1 200 254 S
C20-2 200 216 S
Average 235 (77%)
C25-1# 250 245 F
C25-2# 250 269 F
C25-3# 250 265 F
C254 250 252 F
C25-5# 250 250 F
C25-6# 250 266 F
C25-7# 250 252 F
C25-8# 250 261 F
C25-9# 250 254 F
C25-10 250 259 F
Average 257 (84%)

#: Directly gripping embedment zone of steel sleeve
Failure pattern S: Slipping of plate, F: Failure of plate
():Maximum load,theoretical value (=305kN)
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Table.3 Specifications of CFRP strip (theoretical values)

in Case2
Width (mm) 50
Thickness (mm) 2
Volume fraction of fiber (%) 70
Modulus of elasticity (N/mm) | 165
Tensile strength (N/mn’) | 3395
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Fig3 The specimen of tensile test (in Casel)

Table4 Results of tensile tests (in Case2)

Embedment | Maximum | Modulus of Failure
length load elasticity
(mm) (kN) (KN/mm’) pattem
250 315 164 F
300 310 164 F
350 313 163 F
Average of five specimens

Failure pattern F: Failure of plate
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Table.5 Specifications of CFRP strip (theoretical values)

in Case3
Width (mm) 75
Thickness (mm) 2
Volume fraction of fiber (%) 66.5
Modulus of elasticity (KN/mm’) | 156
Tensile strength (N/mny) | 3259

Table.6 Specifications of CFRP strip (theoretical values)

in Cased
Width (mm) 75
Thickness (mm) 3
Volume fraction of Carbon fiber (%) 66.5
Modulus of elasticity (KN/mm) | 120
Tensile strength (N/mm’) | 2435
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Table.7 Results of tensile tests (in Case3)

. Embedment | Maximum Modulus .
specimen length load | of ' Failure
No. (mm) &) elastmt)g' pattern
(KN/mm)
350-1 350 427 - F
350-2 350 419 167 F
350-3 350 424 - F
3504 350 384 154 F
350-5 350 401 160 F
Average 411 (84%) 160
Failure pattern S: Slipping of plate, F: Failure of plate
() Maximum load.theoretical value (=489kN)
Table.8 Results of tensile tests (in Case4)
specimen Embedment | Maximum MOSF v Failure
No. lggim) gl%a\% elasticity | pattern
(KN/mm?)
350-1 350 489 127 S
350-2 350 493 114 F
350-3 350 443 125 F
350-4 350 497 112 F
350-5 350 507 127 F
Average 486 (89%) 121

Failure pattern S: Slipping of plate, F: Failure of plate
() Maximum load,~theoretical value (=548kN)
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Table.9 Results of load test in center of the span

Before After
reinforcing | reinforcing
Stressof rebar  (N/mnr) 9.8 7.8
Crack width (mm) 0.226 0.188
Crack depth (mm) 153 138
Deflection (mm) 1.53 1.07
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Table.10 Results of prestress introducing test
(Increment value after introducing prestress)

Observed FEM
Compressive
Stress of rebar*  (N/mm?) 24 2.56
Tensile  stress
of concrete®* (N/mm?) 0.44 1.44

*: Value in center of the span
#%; Maximum value in vicinity of anchorage part
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