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Fig. 1 A cantilever beam subjected to step force at its tip
H1 3 BT R BB 2l A 25 5 45 B AR R
J A B A 34 1 R 1Y 3 B A o O AR

Jd(Ncos®)  I(Qsind) CF i —0
ds ds

Jd(Nsind) 4 9 (Qcosd) CF =0 (2)
ds ds

IM o du

s —Q=]J s

o eds AR T 2350 D B R o A
BB L m = pbh s ] = pbh® /12,0 J i B IR] = % 22 [H]
B wvw 530 TR = Rl = Ty ) B A%,
F F.0r R o o2 BT 10 AR 8t . MUN T Q

F)4

2 [ =0 B m T 5 v ) B BR 2 A

Fig. 2 The step force acted on the tip of the beam
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Fig. 3 A typical beam element

under large deflection
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Fig. 4 Bending moment distributions along the beam at the different times and the bending moment-time curve

at the root of the beam under moderate step loading
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Fig. 5 Bending moment distributions along the beam at the different times under intense step loading



53 X B MR VR R A M B B I AR R AL 5 e FE IR 247
TR M e B A R A= 3M,/F. 18 A=
0.149 m. HCB T WL FE 5(b) % 30 bk e (i 8 5 1 o
R RILT 5 W &, T 01, B IE R ) 0.0f
IS BT T S B R - 02
55 1A AR BB 0 72 BB K (4. 00~84. 00 ms): =,
B PRSI M, i (25 66 TN BB P T O 5 5 »
LR B, AR S A R A R K &= M, HE 6. 0~20. 0
ms I 1 B P AR H5 R A8 I 10 MO 1 T B e, B R e T

t/ms

20.0 ms, MREBEHIFLE/NT M, BIEBGH K L
D — BB B - T 35. 0 ms A2 AT o R A5 2 3
— M, EAR IR I G ) B E B, B S L T B
TH 2% IF BB CE 1) S8k B2, A S S 28 D1 JLKAE
B A e AR FRAS AE  4 E IF AR /N T M, R EA
M 157 #9575 IV AR, RIS 1y IR 3l 9 B o i 28 4 o O 25 5

R EELL Lo BT AR 2590 10 — Bk L U 2 0<<F<T10F. 1) 2 41 48 faf A7 H00(E 7153, 2 £ i £ 15 i
7 3o R 2% AR 45 SRR i) B 6 RO R UL IRT 7 it JR A S R A, R A S e 7 AT £ U 4 4
E

(DAREAEIE (F/Fo<1) ARG E AT /N8 AS 8] AR AT TE T 45 4 1 o 1oz A7 6 35 8098 A [ Ay A 8
X F/F. >0, 6, Hma Wt BEAFAE 5 P 800 I8 2 0009 =SB B, I ELBE & 200 i 38 O, iy 1o 65X A 2
TR 235 SR i) of R i 55 LT R 235 SRR ) ORGSR X ) R 5 T i A 28 A P 49 O T A
I 5 (b) F/F=<<0. 6 B AN Wi Wi B AN A7 A5 3R o M (9 585 11 AR L 3R W10 4807 3 LA &85 K0 A 2 7 A B P 7
B o BARTE kAR E BN T 0. 6<F/F <<1 J Fl N U7 » HL RS I )4, R HG  e A8E CAE
R EAF I T AEAAE i HAR# E 2,

(O EAFIE (L<F/F . <<3) : BE 207 1938 I Wiy O P9 55 R 585 T AR 20 50 A (] 2B ofe i 1 AR
R GE E BB 30— EAFAE 2 P B IR T 2l g e 1 i 32 AR

(B BNGIE (F/F. > 3) « B9 30 7 Wi 0 32k A8 77 78 35 P W 99 A T A 50, BRI B85 v B 5 B X7 A
CHRARGEE BB, B AT A4 22 T O B R A A T AR RS IR A5 S (] BN AR AR R
171 W 17 F) 265 TIT A 235 R AR ] AR EE R AR I 5 B R A8 A R B2 2 R . bl & 65 T AR AR e 1T A
7T 5 457 25 IR ) B R 1 a7 A 0T 8l g i 107 1) 32 5 M Ao

& 6 1 IF I T AR A - ) A
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the beam under intense step loading
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Deformation mechanism and energy dissipation of
an elastic-plastic cantilever beam subjected to step loading

LIU Feng', XI Feng®*
(1. State Key Laboratory for Disaster Reduction in Civil Engineering , Tongji University ,
Shanghai 200092, China;
2. Shandong Jianzhu University . Jinan 250101, Shandong ., China)

Abstract: The dynamic response of an elastic-plastic cantilever beam subjected to step loading at its tip
was studied numerically by employing large deflection governing equations and solving them expressed
in the finite-difference form. The deformation mechanism and energy dissipation were explored by an-
alyzing the instantaneous distribution of internal force, deformation and energy during the early dy-
namic response and were compared with those of rigid-plastic analysis. Numerical calculation indicates
that the deformation mechanism is different due to the magnitude of the step loading. Elastic-plastic
analysis confirms the validity of the rigid-plastic theory in dealing with the case of moderate load, and
it points out the defects of the rigid-plastic method in the case of low and intense dynamic loads. Com-
parison with the results calculated by the small deformation theory shows that it is required to consid-
er the large deformation effects.

Key words: solid mechanics; deformation mechanism; finite difference; cantilever beam; energy dissi-

pation; elastoplasticity; step load; large deformation
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