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/] ABSTRACT /

This study proposes a numerical model to explain the closely placed double modes in the vibration of a layered stone pagoda system. The
friction surface between the stones is modelled as the Timoshenko finite element while each stone layer is modelled as a rigid body. It is
assumed that the irregular asperity on the friction surface enables the stone to be excited. This results in the closely placed modes that are
composed of natural modes and self-excited modes. To examine the validity of the proposed model, a set of modal testing and analysis
for a layered stone pagoda mock-up model has been conducted and a set of closely placed double modes are extracted. Applying the
extended sensitivity-based system identification technique, the various system parameters are identified so that the modal parameters of
the proposed numerical model are the same with those of the experimental mock-up. For a horizontal impulse excitation, the simulated

acceleration responses are compared with measurements.
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Fig. 1. Structural model for stacked stones
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(a) Degrees of Freedom (b) Element Forces

Fig. 2. Element for friction layer
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(a) Free Body Diagram (b) Kinematics

Fig. 3. The rigid body for the i th stone
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Table 1. Measured mass and dimensions

Story Mass, m; Width/2, by Height/2, h;
No. (Ns¥m) (m) (m)
1 20.84 0.1385 0.0530
2 35.29 0.1290 0.1040
3 14.50 0.1085 0.0585
4 8.20 0.0895 0.0490
5 5.62 0.0755 0.0470
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Fig. 5. Measured time histories and spectrum

Table 2. Comparison of modal data

Measurement Simulation
Mode
No. Damping Freq. Freq. MAC
(%) (Hz) (Hz) Mode shape
1 0.0192 8.3008 8.1526 0.9974
2 0.0077 29.2969 29.3126 0.9945
3 0.0307 58.5938 57.9477 0.9952
4 0.1575 58.5938 114.4313 0.8842
mode shape due to impact on the 5th storey
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Fig. 6. Mode shapes from extracted measured data
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Table 3. Converged identification variables

Identified Variables
GAK‘Xloﬁ N/m ﬂxlo Nm I1x107%m
Story l l

Natural Self- Natural Self- Natural Self-

mode excited mode excited mode excited
1 1.0000 | 0.9069 | 0.2221 2.9331| 0.1000 | 0.1128
2 1.0002 | 0.9975 | 2.1331 |756.6066 | 0.0999 | 0.1033
3 1.0000 | 0.9917 | 9.6843 1.4828 | 0.1000 | 0.1002
4 1.0003 1.0019 | 0.3101 |152.1539| 0.0999 | 0.0977
5 0.9999 1.0007 | 0.0512 15.0703 | 0.1002 | 0.0987
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