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Abstract

In this study, a series of forced vibration testing and ambient vibration measurement were performed at a lowrise masonry -infilled
reinforced concrete frame structure before and after seismic retrofit and its dynamic properties were extracted using system
identification techniques. Also, analytical models which show similar dynamic properties to the measures ones were constructed. The
system identification results showed that damping ratios in z direction along which the dampers were installed has been increased.
From the comparison between the analytical models, the effective stiffness of post-installed member and post-reinforced
members(shear walls and damper frames) were only 50% of gross sectional stiffness of the members, which indicates that the these
members were not fully integrated with the existing structure or members. In addition, support condition of post-installed footing has
to be pinned in y direction to match the dynamic properties, which is seemingly caused by the change of fixity of the soil due to the
installation of new footing.

Keywords - masonry-infilled frame, forced vibration testing, ambient vibration measurement, system identification,
seismic retrofit
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Fig. 1 Typical floor plan and locations of retrofit measure
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Fig. 2 Locations and directions of accelerometers and shaker

Table 1 Types of vibration testing

Set No. Testing type

Set 1 BD1 Whitenoise forced vibration

Set 2 BD1 Free vibration in torsional direction
Set 3 BD1 Free vibration in y direction

Set 4 BD1 Free vibration in z direction

Set 5 BD2 Whitenoise forced vibration

Set 6 BD2 Free vibration in torsional direction
Set 7 BD2 Free vibration in y direction

Set 8 BD2Z Free vibration in z direction

Set 9 Ambient vibration
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(a) x direction in-phase 1** mode (b) v direction in-phase 1** mode
Top view Side view Top view Side view

Front view 3D view Front view 3D view
Freq. : 547 Hz Damping : 0.68 % Freq.: 5.92 Hz Damping : 1.64 %
(¢) X direction out-of-phase 1% mode (d) v direction out-of-phase 1°* mode
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(e) Torsion in-phase 1°* mode (f) Torsion out-of-phase 1% mode

Fig. 3 Mode shapes obtained from system identification(before retrofit)
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Table 2 Measured natural frequencies and damping ratios before and after the retrofit of building

Mode Natural frequencies{Hz){(mode) Damping ratios(%)

Before retrofit After retrofit Ratio Before retrofit After retrofit Ratio

X-dir in—phase 4.35(1) 4.22(1) 97% 2.23 2.69 121%
Y-dir in—phase 5.33(2) 5.71(2) 107% 2.47 1.99 81%
X-dir out-of-phase 5.47(3) 7.18(5) 131% 0.68 2.15 316%
Y-dir out-of-phase 5.92(4) 6.22(3) 105% 1.64 2.33 142%
Torsion in—phase 7.06(5) 6.76(4) 96% 1.49 1.76 118%
Torsion out-of-phase 7.85(6) 8.38(6) 107% 2.26 2.28 101%
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Table 3 Material properties and support condition of analytical models

P EEISE FEED

Before retrofit

After retrofit

Effective stiffness of frame

120% of gross section stiffness

120% of gross section stiffness

Elastic modulus of masonry

91% of normal condition

91% of normal condition

Stiffness of elastic link in X direction

. 40000N/mm 120000N/mm
(Expansion joint)
; e link in v di ;
Stiffness of elastlc‘hnk. in direction 12000N/mm 36000N/mm
(Expansion joint)
. . st
Support, conditions Pixed support Fixed but rotational at the bottom of 1

story column in Y direction

Effective stiffness of damper frame

50% of gross section stiffness

Effective stiffness of shear wall

50% of gross section stiffness

Table 4 Comparison of analytical and measured

natural frequencies

Before retrofit

After retrofit

Mode - - ; -
Messured Analytical Difference(%) Messured Analytical Difference(%)

X-dir in—phase 4.35 4.25 -2.30% 4.22 4.18 -0.95%
y-dir in-phase 5.33 5.45 2.25% 5.71 5.88 2.98%
X-dir out-of-phase 5.47 5.6 2.38% 7.18 7.21 0.42%
Y-dir out-of-phase 5.92 6.07 2.53% 6.22 6.23 0.16%
Torsion in—phase 7.06 6.76 -4.25% 6.76 6.85 1.33%
Torsion out—of-phase 7.85 7.2 -8.28% 8.38 8.37 -0.12%
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