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Table1 Rebar and concrete material parameter
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po/(kg:m™) u J/MPa po/(kg'm™) u E/GPa  f,/MPa Crs P &
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Table 2 Air material parameters
po/(kgm™) Cy C, C, C, C, C, C, EJ(I'm™) v,
1.29 0 0 0 0 0.4 0.4 0 2.5x10° 1
&3 TNTHRSH
Table 3 TNT material parameters
po/(kgm?®)  Dims')  p,/GPa  A/GPa  B/GPa R, R, w EJ(J'm™) v,
1630 6930 21 373.8 3.747 4.15 0.9 0.35 7x10° 1
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(a) Frame structure (b) Column and beam
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Fig. 10 Numerical model of frame structure (Unit: mm)
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BT FIHTRISR B, S AU BT 5 B, CRIT A [ & ¥ %L

6 000 6 000

3
Yy

le N|
[ |
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Fig. 11 Equivalent kinked rebar location (Unit: mm)
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% 4 CFRP #R & #™
Table 4 Material parameters of CFRP""

0o/(kg'm™) E,/GPa E,/GPa Usn Ue . G,5/GPa Gy /GPa
1600 130 9 0.021 0.021 0.3 7.620 7.62
G,/GPa X./MPa X,/MPa Y/MPa Y,/MPa S./MPa CRIT
7.62 1450 2 080 180 87 104 54

H1 T Beam B0 AR I AN RE T 20 M BB 4 S A 7 SR v ) 0 2R, DRI, SR A0 A 5B,
AP 12 Jr i, o5 SCHR [2] Hh 4 0 HRBA0O S 4 #9 A3 45 4% N 77 - 187 A% il 2 - 15 v EL R A AT G, 458K
e 7 A TR A R R A A9 1) P 5 A PR A A R I — B 200 mm

600

(0.286 0, 564) . ‘
sool % (0.450 0, %64)

400

300 |

Stress/MPa

100 [t (0.006 5, 130)

0 : 1 1 by 1 :
0.1 0.2 0.3 0.4 0.5

Strain
12 HRBA0O 72 3 B AT ) S5 2800 T3 -1 A8 S AR
Fig. 12 Equivalent stress-strain relation of HRB400 kinked rebar
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SO0 g 7 A B BERE S 200 ms. P 13 g HE SR 485 H T 9 05 58 IS R 0 4 i o3 R 5 R R A el i A
A B ARIRIG 0 ms, T 7 20N 4 5 B, HE S5 4 98 1 70 280 23 AR 19 505 ARG 1 ms, ik BT BAVE T T
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J5 4 ms, Wl VT TC I S 00 R T A SRR, 5 SR 1 A 4

Axial force/kN

0
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(a) Axial force (0 ms) (b) 1 ms (c)2ms (d)4 ms
& 13 HEZREE MMM B

Fig. 13 Frame structure loading phase
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Fig. 14  Support reaction of beam-column joint
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Numerical Simulation on Internal Explosion Resistance of
Concrete Frame Structures with Kinked Rebar

YIN Huawei'?, CHEN Benzheng'

(1. College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China;
2. Civil Engineering Inspection and Test Limited Company of Hunan University, Changsha 410082, Hunan, China)

Abstract: Artificial plastic hinges have been widely used in the seismic research of frame structures, which
can control the location of the beam plastic hinges and avoid the continuous collapse of the frame structure
due to the damage of beam-column joints in earthquakes. The design goal of “strong column weak beam”
can be achieved. An artificial plastic hinge with kinked rebar provides a new idea for structural blast
resistance. Established structural static load tests have shown that the kinked rebar has excellent deformation
performance. The ultimate load capacity of beam with kinded rebar is not reduced. With the software
ANSYS/LS-DYNA and the hybrid finite element modeling approach, a numerical simulation study of
reinforced concrete frame structures with different kinked rebar schemes was carried out. The results showed
that the beam with kinked rebar can absorb the impact energy, reduce the support reaction, delay the peak
reaction force, protect the beam-column joints, limit the damage to beam-slab members, and prevent the
continuous collapse of frame structre.

Keywords: impact loading; internal explosion; kinked rebar; frame structure; finite element analysis
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