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Figure 1 (Color online) Diagram of the overall experimental
apparatus [18].
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Figure 2 (Color online) Dynamics deflection curves of GRCBs and
SRCBs [18].
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Figure 3 (Color online) Residual load-displacement curves of GRCBs
and SRCBs [18].
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Figure 4 (Color online) Residual capacity percentage-displacement
curves of GRCBs and SRCBs.
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Table 1 The material parameters of air
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Table 2 The material parameters of TNT explosive
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Figure 5 (Color online) Structure diagram of GRCBs
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Figure 6 (Color online) Overall model diagram.
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Figure 7 (Color online) Dynamics displacement curves at 0.55 m
from the end and the midspan of the beam.

F 4 IMHAERSRRLE RN

Table 4 The comparision of computed and experimental results

T RALE R (mm)  HHE (mm)  RE (%)
2kg-0.65mi5 4.88 535 9.6
3kg-0.65miE 1 11.51 10.51 6

3kg-0.65mifi #50.55 m 5.98 6.57 10
4kg-0.65mi #50.55 m 9.74 10.49 8
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Figure 8 (Color online) Comparison of the cracks of GRCBs between
experiment and LS-DYNA.
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Figure 9 (Color online) Dynamics deflection curves of 4 kinds of
stffness beams.
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Table 5 The comparison of the mid-span maximum displacements of beams with four stiffness

T B GFRP-22 mm BFRP CFRP GFRP-28 mm
5 e KALFE (mm) 5.35 447 3.92 4.61
2kg-0.65m A
5 v B KA BRI 3R (%) - 16.38 26.60 16.93
5 Hh  KALFE (mm) 10.51 8.91 7.00 8.58
3kg-0.65m
5 i KA B B 2R (%) - 1522 33.39 18.36
5 oI KA RS (mm) 14.21 12.18 9.56 11.80
4kg-0.65m .
5 i KA PR (%) - 14.28 2.72 16.96
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Table 6 The cracks of 4 kinds of beams under 2kg-0.65m
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Table 7 The cracks of 4 kinds of beams under 3kg-0.65m
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Table 8 The cracks of 4 kinds of beams under 4kg-0.65m
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Figure 10 (Color online) Dynamics deflection curves of 3 kinds of
compressive strengths of concrete beams.
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Table 9 The comparison of the mid-span maximum displacements of beams with three concrete strengths

T (A= C50 C65
5 i KALFS (mm) 5.35 476
2kg-0.65m ]
5 R KA R BRI R -10.32% - 11.03%
R (mm) 10.51 8.35
3kg-0.65m
5 e R AL B BRI 12.18% - 20.55%
P KA (mm) 14.21 9.61
4kg-0.65m
5 B R AL RS PR R 18.36% - 32.37%

F 10 2kg-0.65mIi T =Fh ikt L P KR R A
Table 10 The cracks of 3 kinds of compressive strengths of concrete
beams under 2kg-0.65m

F 12 4kg-0.65mI i N =Rk Pk R R
Table 12 The cracks of 3 kinds of compressive strengths of concrete
beams under 4kg-0.65m

it KoK
C65
C50
C35

F 11 3kg-0.65m L = Fh Vi ik £ i 15 5 5 R 4 4L
Table 11 The cracks of 3 kinds of compressive strengths of concrete
beams under 3kg-0.65m
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Experimental study and numerical simulation of explosion
resistance of GFRP reinforced concrete beams

LIU SanFeng', JIN FengNian', ZHOU YinZhi', ZHOU JianNan'~ & ZHANG Bei'”

! College of National Defense Engineering, the Army Engineering University of PLA, Nanjing 210007, China;
* Research Institute for National Defense Engineering of Academy of Military Science PLA China, Luoyang 471023, China

Glass fiber reinforced polymer (GFRP) bars have the advantages of corrosion resistance and high tensile bearing
capacity. It can be used as longitudinal reinforcement of concrete protective structures instead of steel reinforcement. In
order to clarify the anti-explosion performance of GFRP reinforced concrete beam (GRCBSs), the explosion experiment,
static bending experiment and numerical simulation analysis of GFRP reinforced concrete beam and reinforced concrete
beam (SRCBs) are carried out. The results show that, in the four-point bending static experiment, the bearing capacity of
GRCBs designed with the same equivalent stiffness is 5.5 times that of SRCBs under the working condition of 3kg-
0.65m explosion loading. With the action of near explosion (proportional detonation distance is less than 0.5159 m kgﬁ3),
because the GFRP bars are in the elastic stage, the failure forms are mainly crack, flake and collapse of concrete.
According to numerical simulation, the increase of the stiffness of FRP bars can reduce the mid-span displacement of
GRCBs. The ratio of the maximum mid-span displacement reduction rate to EA ratio is 0.1, which can reduce the crack
and damage of GRCBs and enhance the anti-explosion performance of GRCBs. When the proportional detonation
distance is less than 0.4095 m kgf3, C50 and above concrete used in GFRP reinforced concrete beams can effectively
reduce concrete collapse and spall. The results show that GRCBs have higher blast resistance than SRCBs.

GFRP bars, reinforced concrete beams, blast loads, dynamic response, numerical simulation
PACS: 81.05.Pj, 46.70.De, 43.28.Mw, 83.85.Vb, 02.60.-x
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