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Experimental Study on Blast Resistance Improvement of RC Panels by
FRP Retrofitting
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l)Dep‘[. of Civil and Environmental System Engineering, Yonsei University, Seoul 120-749, Korea
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ABSTRACT Recently, FRP usage for strengthening RC structures in civil engineering has been increasing. Especially, the use of
FRP to strengthen structures against blast loading is growing rapidly. To estimate FRP retrofitting effect under blast loading, blast tests
with nine 1,000 x 1,000 x 150 mm RC panel specimens, which were retrofitted with carbon fiber reinforced polymer (CFRP), Poly-
urea, CFRP with Poly-urea and basalt fiber reinforced polymer (BFRP) have been carried out. The applied blast load was generated
by the detonation of 15.88 kg ANFO explosive charge at 1.5 m standoff distance. The data acquisitions not only included blast waves
of incident pressure, reflected pressure, and impulse, but also included central deflection and strains at steel, concrete, and FRP sur-
faces. The failure mode of each specimen was observed and compared with a control specimen. From the test results, the blast resis-
tance of each retrofit material was determined. The test results of each retrofit material will provide the basic information for
preliminary selection of retrofit material to achieve the target retrofit performance and protection level.
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Table 1 Test specimens and explosive charge

Test specimen Cases Retrofit method

Preliminary test

(TNT 15.88 ke) NSC 1 case Non-retrofit
NSC 1 case Non-retrofit
) CFRP | 2 cases |2 ply-orthogonal CFRP
Main test PU 2 cases Sprayed Poly-urea

(ANFO 15.88 kg)
CPU | 2 cases |l plyt+sprayed Poly-urea

BFRP | 1 case |2 ply-orthogonal BFRP
* NSC : normal strength concrete

CFRP : retrofitted with CFRP (carbon sheet)

PU : retrofitted with Poly-urea

CPU : retrofitted with CFRP + Poly-urea

BFRP : retrofitted with BFRP (Basalt sheet)
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Table 2 Mixed proportion of concrete specimen

Unit weight (kg/m’)
MCA”Slump| W/B | S/a Binder AE
(mm) |(mm)| (%) | (%) | W 51 S | G|

C | FA

25 | 100 | 498 | 47.7 | 163 | 294 | 33 | 880 | 957 | 245

“MCA : maximum size of coarse aggregate
“FA : fly-ash
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Table 3 Material properties of retrofited materials

Property Carbon fiber Poly-urea Basalt fiber
Tensile strength
(MPa) 3,790 20 2,500~4,800

Bond strength

Tensile modulug 230 GPa 21 MPa 89 GPa
Elongation (%) 1.7 310 3.1
Cost 131,000 won/m 7,000 won/m” | 33,000 won/m’

(e) Attach the FRP

(f) Spray the polyurea

Fig. 4 Procedure of concrete specimen manufacture
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Table 4 Measured pressure of each specimen

Specimen NSC1 |[ConWEP| NSC2 |CFRP1|CFRP2| PU1 | PU2 | CPU1 | CPU2 | BFRP |[ConWEP
Type of explosive charge TNT | TNT |ANFO|ANFO|ANFO|ANFO|ANFO|ANFO|ANFO|ANFO| ANFO
. Temperature (°C) 11 - 5 7 5 7 8 7 9 9 -
Environment -
Humid (%) 31 - up 51| 51 92 37 62 36 |up 42| 39 -
Pressure (MPa) NR | 20.05 |21.23 | NR |22.66 | 22.66 | 24.07 | 31.95 | 24.26 | 33.17 | 17.02
Center | Duration (msec) NR 1.228 | NR | NR | 0.352 | 1.404 | 0.686 | 0.896 | 1.518 | 2.002 | 1.412
Reflect Impulse (MPa-msec)| NR 2.83 NR NR | 2.54 | 4.03 | 291 | 3.56 | 3.87 3.9 2.42
pressure Pressure (MPa) NR 19.48 | 26.58 | NR | 21.08 | 20.62 | 21.74 | 20.19 | 19.6 | 30.01 | 16.53
230 mm | Duration (msec) NR 1.271 | 1212 | NR | 1.956 | 0.892 | 0.876 | 0.284 | 1.034 | 1.962 | 1.468
Impulse (MPa-msec)| NR 2.79 326 | NR 3.8 28 | 291 | 129 | 3.34 | 4.64 2.38
Ist peak (MPa) 021 | 0.197 | 0.16 | NR | 0.15 | 0.18 | 0.17 | 0.16 | 0.13 | 0.11 0.17
Free field pressure| Duration (msec) | 3.516 | 4.618 | 3.102 | NR | 3.054 | 3.508 | 3.316 | 3.336 | 3.282 | 3.306 | 4.628
Impulse (MPa-msec)| 0.34 | 0.233 | 023 | NR | 022 | 022 | 0.2 | 022 | 0.21 | 0.21 | 0.205

* NR :not recorded, * RP_C : reflected pressure at center point, * RP 2 :reflected pressure at 230 mm point to center
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Table 5 Blast test results of displacements and strain

Specimen NSCI1 NSC2 CFRP1 CFRP2 PUI PU2 CPUI1 CPU2 BFRP
Max. displacement (mm) over 25 | 18.565 17.000 12.288 19.265 12.033 NR 11.630 14.889
Average max. disp. (mm) 18.565 14.644 15.649 11.630 14.889
Residual displacement (mm) | 12.260 5.790 4.152 1.738 5.285 5.000 NR 3.280 10.048
Average resi. disp. (mm) 9.025 2.945 5.143 3.280 10.048
Ratio of max. to resi. disp. (% 514 79.9 67.1 71.8 325
Maximum Steel top 16012 5964 5035 3603 9553 6014 8224 4601 11096.5
strain Steel bottom 15998 fver 28113 9683 7434 30803 28230 28324 28783 33638
(center), Concrete top - 11848 16005 25568 10338 10654 22042 9235.9 16919
pe Conc/FRP botttom pver 16007 - over 16012 13119 28304 28255 16514 21377 28272
* NR : not recorded, * resi. : residual, * - : dead gauge
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