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Theoretical study of influence of mass on displacement response
of beam members under uniform blast loading

GENG Shao—bo, HONG Xin, ZHENG Yi, SHEN Xin—yue
(School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to study the influence of mass increase and the corresponding added damping and stiffness
on the displacement response of beam members under a uniform blast loading, the -elastic-plastic
displacement solutions of beam members with mass parameters as variables were derived, using the ductility
ratio to control the extent of plastic deformation. Using a rectangular section as representative case for beam
members, we designed 17 calculation cases for the parameters of mass, additional damping, and additional
stiffness. The effect of these parameters on the vibration displacement of beam members under uniform blast
loading was analyzed, particularly the impact on peak elastic and the peak elastic-plastic displacement. The
comparison of LS-DYNA numerical simulation verification and theoretical results of the displacement
response of the rectangular section steel beam under blast loading was completed, which verified the
reliability of the theoretical method proposed in this paper. The results show that the reduction of various
peak displacements can be achieved by adding mass and the degree of reduction is lower than that of adding

mass. The single effect of additional damping in the mass-damping-stiffness coupling calculation may
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coupling alone. The additional stiffness effect, when included in the mass-damping-stiffness coupling,
beam design.
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increase the peak displacement reduction by more than 3 times of that obtained from the mass-damping

il

reduces peak elastic displacements to similar degree as mass-stiffness coupling alone. The coupling

calculation method of mass, additional damping, and additional stiffness should be uesd for the blast-resistant
0 5]
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Fig.4 Elastoplastic displacement-time curves of beam members for Cases C14~C17
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Tab.2 Difference of peak displacements between Case C1 and C2, C3, C4, CS respectively and the
difference between the two types of beam (%)
FPEREA (D) NI R 14(2) (DH—(2)
AEXF T p=2 p=5 p=2 =5
or Om or Onm ot Om ot Om

52T 52m 55 T 55 m

SI(C2HHXFTC1) | 203 205 1.80 200 | 094 233 053 257 | 1.09 -028 127 —0.57
S2(C3MHXFFC1) | 394 398 351 3.87 | 1.87 449 1.04 498 | 207 -051 247 -1.11
S3(C4MHXTTCL) | 574 579 512 564 | 278 652 155 723 | 296 —0.73 357 —1.59

S4(C5HIXTTCL) | 743 749 666 730 | 3.68 842 206 935 | 3.75 093 460 —2.05

Nt — LR o, TN WIPEP SRR R (4 22 51, T XA R S8R F T B RS WA R R
JE RO EE A3 A X5 p=2 BF, et SR A B Y Or. O RIZEME AT BIEAE Oyr. Ooms AL, X =5 Hif
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2 AR 2 S5 0 R 1 51.4%; TG CS AL 5 B 38 0 20%, it L 14 £ KRR S 44 251 S 0 (A
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Fig.5 Peak displacement reduction caused by additional Fig.6 Peak displacement reduction caused by additional

damping effect using first method damping effect using second method
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Tab.3 Results comparison of two methods for additional damping effect

TNk RA WIVE R
PR TOLEE SRR [ B2 B=5 p=2 B=5
O1/0r  Osmlom  Ostldr  OswlOm  Gsr/dr OswlOm  Gst/Or Osw/Om
S9/S5 3.54 3.70 343 375 3.47 3.80 3.30 3.90
S10/S6 3.16 339 3.15 3.52 2.97 3.56 2.89 3.80
S11/87 2.78 3.12 2.74 3.32 2.51 3.40 2.46 3.73
S12/88 2.55 2.90 2.40 3.14 2.22 3.22 2.14 3.65

W5 AT, %55 —Fh T 5T a, ROV, o SBOW0 PRI SS GER (A S PE (6 RS A | LS PE 6 B% U
AR R i R X5/ . 0 B=2 W5, ARUE T000 S5~S8 Xt yyr/yg HISZMHTE A 0.13%~0.55%, Xt you/ve HIHE
M FEL K 0.45%~1.67%. BRI p=5 Bif, Xof 3 1 o 45 8 06 05 i i B AR YK R 0.079%~0.36% 55 0.70%~
2.59%. BIRIZKIRELEPURII T T2, (BT o SO0 AE SR F R 22 S PR TN, Sk (o S I
(125 PN 0 —0.029%~-0.11%, SHIBYERI S WE(E 1) 25 SR R 0.019%~0.13%

L 6 FT, H%505 Rt A a, ROV, o BN PR SIE GER A A SR (57 RS AL | RSB P 6 RS U
{E AR FE S LA — RO 0 =2 B, o X yyr/vg BIREIRTE LR 0.46%0~1.22%, XF you/v IR
A 1.70%~5.19%; =5 I}, a, X TR RS B REIRFRFE 43510 0.24%~0.77% 55 2.70%~8.97%. 7] W,
SEBHRA TG0 o B0 23 T, ELUXE S (6 A% W (11 52 e i B2 IR T st B 8 AR W 1Y
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Fig.7 Peak displacement reduction caused by additional Fig.8 Peak displacement reduction caused by additional
stiffness using the first method stiffness using the second method
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Tab.4 Results comparison of two methods for additional stiffness effect

T e e

AT - = = =
Os1/01 O/ Om Os1/0T O/ Om Os1/0T O3m/Om Os1/0T O3m/Om

S17/S13 1.04 1.23 1.02 1.48 1.03 1.27 1.02 1.81

S18/S14 1.04 1.20 1.02 1.44 1.03 1.25 1.02 1.77

S19/S15 1.03 1.18 1.01 1.40 1.02 1.23 1.01 1.74

S20/S16 1.03 1.16 1.01 1.37 1.02 1.22 1.01 1.72
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Fig.9 Peak displacement reduction under the coupling of additional damping and additional stiffness
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Tab.5 Comparison of additional stiffness-damping coupling effect and additional stiffness effect

TR RIPEEF
S5 SRV R e - e & -
I
PR LO o oulon Owlor Oudom  Owlor Oufm  Owlor  Suiom
S21/S17 1.02 1.07 1.01 1.12 1.01 1.08 1.01 1.15
S22/S18 1.02 1.07 1.01 1.12 1.01 1.08 1.01 1.16
S23/S19 1.02 1.07 1.01 1.12 1.01 1.08 1.01 1.16

S24/S20 1.02 1.07 1.01 1.13 1.02 1.08 1.01 1.16
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Tab.6 Calculation parameters of steel beams

¥ T IR (bxh) /1 AR Wi Wik R BEIEE RERERT
HKAl ( mmxmm ) A4/ (mm®) K/ (KN'm") o/ms' yJ/mm  Ap,/MPa t/ ms
Tl 30x45 1350 10 508 658 139.89 0.21 1.22
T2 30x47.25 1417.5 12 164 684 120.85 0.21 1.17
F T3 30x49.5 1485 13 986 710 108.36 0.21 1.13
T4 30x51.75 1552.5 15981 742 90.66 0.21 1.08
T5 30x54 1620 18 157 774 80.96 0.21 1.03
T6 40%60 2400 33210 745 86.84 0.412 1.74
T7 40%63 2520 38 445 790 75.02 0.412 1.65
P T8 40%x66 2640 44202 827 65.25 0.412 1.57
T9 40%69 2760 50 508 856 57.10 0.412 1.52
T10 40%x72 2880 57387 888 50.26 0.412 1.46
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PSS 1 TS v b A UL e, A7 BROTALABL S S 5 B X L 25 2R T DL IET 10, EABEZ R L3R 7.

F & 10, 3 7 AT, LS-DYNA 7 FROCEUZE B 5 BISTHE 25 R a8 AR W) SRy, HiRshg



132

fE AR 127

5530 B4 1Y)

AR—F, AN, M BRI K, P RSB M R WA . FRANASTE | s (5 RS W (R ) AR AP s P - e PR
FAR—3, | KIRZE 519N 3.85% . 4.28% . 5.79%, H:iR 22 FEIE T (1) A FRIT 2 RS B 32 31 A% R

SFRIGI B (2) B T SRR, IR AR ISR A

RRFE, AR EIE T A A R T RO R

A=A
s DA

4 —— TUHH —— T2HE —— T4k 20 —— T6RE —— T7TRLL ——T8#
et TIHE - T23E - T43 5 - T6HIE - T7HE ----- TSHHIE
' — T3 —— TSEL —— TR —— T104 4L
510 N g Tsmig| Eosofil A TORE —— T10i
S 8t g
5| g
g 6l g 20
& &
a Ll A 1PN VAN SN TN T
10
2
0 : . : : . : 0 : : : .
0 10 20 30 40 50 60 70 0 10 30 40 50
Time/ms Time/ms

K10 A FROTEGS FE TR AN T (A RS R 40 1L

Fig.10 Comparison of displacement-time curves for mid-span point between finite element simulation and theoretical calculation
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Tab.7 Comparison between theoretical calculation and finite element simulation of displacements

Tw SRIB LRSI BRI S RS I
eI OBHIAR RE ENRIHRE O BIAS W HRIHE OB R
Tl 13.732 14282 —3.85% 6.869 7176  —428% 6.863 7.106  —3.42%
T2 10.780 10.984  —1.86% 5.426 5584  —2.83% 5.354 5400  —0.85%
T3 8.827 9077  —275% 4.451 4.432 0.43% 4.376 4645  —579%
T4 6.771 6872  —147% 3.513 3529 —0.45% 3.258 3343 2.54%
TS 5.558 5.721 —2.85% 2.858 2917 —2.02% 2.700 2804  —3.71%
T6 41.485 42298 —1.92%  20.629 21067  —2.08% 20856 21231 —L77%
T7 32.760 33490  —2.18% 17.107 17332 —1.30% 15.653 16.158  —3.13%
T8 26.169 26.674  —1.89% 13.981 14334 —2.46% 12.188 12340  —1.23%
T9 21.121 21651  —2.45% 11.666 11.866  —1.69% 9.455 9.785  —3.37%
TIO  17.197 17.728  —3.00% 9.791 9.884  —0.94% 7.406 7844  —5.58%
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