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(b) The borders and basic inter-belt interval of one-dimensional string-structure
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Fig. 1 One-dimensional Inter-belt string-structure
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Tab.1 Numerical results obtained by symplectic transfer matrix of the inter-belt structure
#13G=D) #2(=3) £33G=H 24G=D 253G(=9)
g1 4.10565681 3.10562312 2.10511775 1. 09807621 0
q; 3. 60567366 2.60580842 1. 60769516 0. 63397460 0
b, —2 —2.00013477 —2.00188673 —2.02627944 —2.36602540
I3 —1 —0.99986523 —0.99811327 —0. 97372056 —0.63397459
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k2 FSHARFENEETEETHEER (n,=2)
Tab. 2 Numerical results obtained by using step-increase symplectic transfer matrix (n,=2)
LERFG=D Bk 1 WRERW(G=2)  L#H2WREREG=3) SL#3IRFERFG=D
qj— 4.105656802 3.605673647 3.105623110 2.605808414
q; 3.605673647 3.105623110 2.605808414 2.105117736
Pf 1 —2 — —2.000134766 —1.999494626
f} —1 — —0.999865234 —1. 000505374
P’ —2.333333333 —2.363636364 —2.365853659

b —0. 666666667

—0.636363636 —0.634146341

Bk 4 IR 2R (=5)

Hilk 5 WIR S (G=6)

it 6 WIRZEFRWG=7) Lt 6 Wnd Hili (=9

qj—1 2.105117736 1. 607695142 1. 098076196 0
g; 1.607695142 1. 098076196 0.633974576 0
P],l —2.001886729 —1.992958459 —2.026279434 —2.366025423
7; —0.998113271 —1.007041541 —0.973720565 —0. 633974576
P:,l —2.366013072 —2.366024518 —2.366025619
b —0. 633986928 —0. 633975482 —0. 633974381
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Tab.3 Numerical results obtained by using step-increase symplectic transfer matrix (n, =3)
e G=2) Pk 1 WIR R (G=3) Bk 2 WIRAERW (G=4) B 3 WR AR (j=5)
[ 2.759131818 2.365916077 2.089364816 1.67152879
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q; 2.089364816 1. 671528786 1. 288032745 0.917634024
) —2 — — —2.073860867
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Fig. 2 Inter-blet structure of continuous structure
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Tab. 4 Results of displacement based on

different discretization scheme

R AT 9o fits D2 hits a4y hits 32
n==6 . 63629446 4.25013746 17977905 80274849
n=20 . 16028490 4.67650582 53103726 03510440

n=200 . 44618134 4.87180167 69305818 2.14385408

4 3. 1.
5 3. 2.
n=2380 5.38674350 4.83771367 3.66471317 2.12471160
5 3. 2.
n=2300 5.46227764 4.87948178 3.69944997 2.14818283
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Tab.5 Sum of dual forces after
specific step-increase
Sy ot Bk 1K ik /2 ik K
n=6 2..00000000 2.00000000 2..00000000
n=20 2.00000000 2.00000000 2.00000000
n=280 2..00000000 2.00000000 1. 99999999
=200 2..00000000 2.00000000 2..00000000
n=2300 2.00000000 1. 99999999 1. 99999999
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Structural damage identification using additional virtual masses

HOU Ji-lin*"', WANG Zhen-zhen', OU Jin-ping"?, FEukasz JANKOWSKI?
(1. School of Civil Engineering,Dalian University of Technology,Dalian,116024 ,China;
2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China;

3. Smart-Tech Centre, Institute of Fundamental Technological Research, Polish Academy of Sciences, Warsaw 02-106 , Poland)

Abstract: It is big challenging to identify the damage of the structures accurately in civil engineering,
since the structures usually are huge,complex,and insensitive to local damage. Aiming at this problem,
Adding virtual mass method is proposed for improving the sensitivity of every substructure,and realizing
the accurate identification of global structure. First, The frequency response with addition mass is con-
structed using the knowing the excitation and acceleration response by virtual distortion method
(VDM) ,which is a fast structural reanalysis method; then the quantity of mass and the according select
natural frequency which high sensitivity are determined by the sensitivity analysis and the relationship
between the mass and natural frequency; last,the damage of the global structure can be identified pre-
cisely using the combined natural frequencies of the all the virtual structures,of which each is construc-
ted by adding mass on the according substructure. A finite element model of a plan frame with 2 floors is

used to verify the proposed additional virtual mass method.

Key words: structural health monitoring ( SHM ); damage identification; virtual distortion method

(VDM) ;sensitivity analysis;natural frequency

Inter-belt analysis of continuous system

YAO Zheng"', ZHANG Hong-wu’, ZHONG Wan-xie’
(1. Traffic Transportation Equipment and Ocean Engineering College,Dalian Maritime University,Dalian 116026, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment,Dalian University of Technology.,
Dalian 116024, China)

Abstract:Based on analytic structural mechanics,the interface of the two nearest sub-structures extends
to a region with a certain width,named inter-belt, where the inter-belt theory and the corresponding al-
gorithm under the framework of symplectic system can analyze the nonlocal characteristic of structures.
The inter-belt theory is firstly applied in the analysis of discrete system and achieves succeed, which
demonstrates the veracity and feasibility of the theory. The discrete system partitions sub-structures by
inter-belt width (the region of influence),hence the minimum step-size of section integral is restricted;
however the integral operation of continuous system needs arbitrary step-size. By presenting the step-
increase algorithm, the inter-belt theory can deal with the integral problem of continuous system with
arbitrary step-size. Numerical examples are carried out to demonstrate the validity of the theory and algo-
rithm developed. As a basic research work, the present study illustrates well the potential of the inter-

belt theory and is valuable for the further research in analytic dynamics.

Key words:inter-belt analysis;symplectic method;analytic structural mechanics;sub-structure technique



