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Effects of boundary restraints on dynamic responses of a beam under
blast loadings( [ ) - theoretical study and analysis
SONG Chun-ming'”, WANG Ming-yang' >, LIU Bin'
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PLA University of Science and Technology, Nanjing 210007, China;
2. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract:  Dynamic responses and bearing capacity of members under blast loadings are directly affected by
different boundary restraints. Both elastic and plastic analytical methods for a beam with general flexible supports and
restraints under blast loadings were proposed, and the effects of vertical elastic and damping support, horizontal supporting
stiffness, rotational constraint, loading characteristics and dynamically intensified coefficient of yielding bending moment
on responses were analyzed. The results showed that the inertia forces owing to vertical elastic and damping support can
decrease the dynamic coefficient of the beam deflection markedly in elastic-plastic stages; horizontal supports exerting a
transverse pressure on beam cross-section in deformation process and rotational restraints confining rotation of rigid body
directly both have great effects on the dynamic responses of the beam mainly in plastic stage to reduce the dynamic
coefficient of the beam displacement and to increase the load-carrying capacity of the beam; under on the condition of the
same constraints and peak load, the dynamic coefficient of the beam displacement with rectangular pulse loads is always
higher than that with triangular pulse loads, it means that longer duration of pulse loads is negative to the load-bearing
capacity of the beam; in addition, the potential anti-explosion ability of a beam can be improved by taking intensified
coefficient of yielding bending moment into account.
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Fig. 1 The model of a beam with complex constraints
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Fig. 2 The computation model of a beam with

elastically horizontal and rotational constraints
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Fig.3 The effect of vertical stiffness on displacement
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Fig. 4 The effect of horizontal stiffness on

dynamic coefficient of plastic displacement
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Fig.7 The effect of rotational restraint stiffness

on dynamic coefficient of displacement

(1) SCHPEESL T S ARARAAT T DU AR Ak By
BCRNEAVE R BE A B AT 7 ik, nl M R A A RARE R
(4 A5 AL AT S IR R Bl 0 15 3 A

(2) M PR LSRR S5, 5 R M E T,
THFESE MR RE &, D/ N Bl 280 25 H4 A 3 7 Wi Bz, A
XL T .

(3) TEIBYER B, /K 5 1 2 AT 2 AR
TELS R B 2500 N 582, KT SRS R AR AE , (5
AR FEAL T 2 R o = A 1 s D AR 8% 3l 1 R G
PUE W RE A3, [R)RE 22 0/ N S5 A0 62 8% 3l 1 R B &5
LaEIWIE RO B R G Y S B BOR LR Y S S A N e
T W R S v e s MY B Pk R B0 T

(4) ST EAE T 45 R BB P2 7% 3l ) R Kty

B T RISESEE N 1 = MIE A 80F R ALR% 3l g ek B, 16

WP 5 fir 2R S5 AL AR SE AN
(5) Y47 P& 28 32 X8 b4 R 9 B2 A 52 o 1, B

8y > 1, BE%E 6, W3S, 4544 B9 AL % 3h 1 2 BOM I 9

N, AT R B A AR B BRI T

2 £ X W

[ 1 ] Krauthammer T, Hall W J. Modified analysis reinforced
concrete beams[ J ]. ASCE Structural Division,1982,108(2) :
457 - 475.

[2] Das S K, Morley C T. Compressive membrane action in
circular reinforced slabs [ J ]. International Journal of
Mechanical Sciences, 2005,47:1629 - 1647.

(3] REY, EWE X . e B4R m B T 190 e

oyt L] B gsK T A4, 2011, (6) « 700 - 703.
SONG Chun-ming, WANG Ming-yang, Liu Bin. Theoretical
analysis of shock-mitigating device to increase the resistibility
of protective door [ J ]. Journal of Disaster Prevention and
Mitigation Engineering,2011,(6) : 700 —703.

(4] J5 Z& ALSobk. sgpefir s/ F R 3k 5 e SORZR B9 3l
FmRi[T]. F2 550 ,2006,28(2) 153 - 56.

FANG Qin, DU Mao-lin. Dynamic responses of an elastically
supported beams with damping subjected to blast loads[ J].
Mechanics in Engineering,2006,28(2) :53 —56.

[ 5] Christensen K P. The effect of the membrane stresses of the
ultimate strength of interior panel in a reinforced concrete slab
[J]. The Structural Engineer,1963,41(8) :261 -265.

[6] Lu Y, Gu X M. Probability analysis of RC member
deformation limits for different performance levels and
reliability of their deterministic calculations [ J]. Structural
Safety,2004 ,26 :367 —389.

(7] Bk 0,00 %, BER, 5. HE8F T AR 51 Ak

SEr i BN (1) — BT M 32 25 m S 80 ik
[J]. AR 2011, (1) :36 —41.
CHEN Li, FANG Qin, GUO Zhi-kun. Membrane action on
re inforced concrete beam-slab structures under static load
(1) -test and discussion on ma in affecting parameters| J ].
China Civil Engineering Journal, 2011, (1) ;36 -41.

[ 8] SRGE. 5 Eim /AR A M I orFE [ D ). f ot i
AP TR A% ,1995.

[ 9] REY, EWITE. XA HTg R R[]
PEKE 5 el ,2009,29(3) <312 - 317.

SONG Chun-ming, WANG Ming-yang, Effects of flexible
supports on explosion resisting capacity of Arches [ J ].
Explosion and Shock Waves,2009,29(3) ;312 - 317.

[10] AL A MSIRZEAN R, K. B OKIEAR 3% . 50 7 TR S5 - 588 32 i)
AUFIE [ M. sRADE, B, BEAEB . Jbat: h EEaR
Tk i RE, 1982,



