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System identification ofi a scale structure in the laberatoery preceded fulll scale studies of the Four Seasens ofifice

building under forced vibrations and the LLouis Factor building under earthguake andlambient vibrations.

Scale Structure (Lab) Louis Factor Building (UCLA)
1 4-story ~1/6 scale aluminum « 15 story steel frame
structure with steel masses i structure with LMRF
and fiberglass floors After the 1994 Northridge
* Attached at the base to the earthquake, USGS &
mass of a linear hydraulic CENS instrumented the
shaker at the UCLA C&EE building with 72 uniaxial
structures laboratory accelerometers wired into
central recording system
sampling at 100 & 500
samples per second et
It is now the most densely FENS Factor Bldg,
instrumented structure in
North America
| + Continuously recording
ambient and earthquake
vibration data including

recent events (Parkfield) t’lgif“"i""_' !Epi sor 74..‘

System Identification involves determining the dynamic preperties of a system by using| the measured! response of
the system te a knewn or unknewn excitation.

Four Seasons Office Building (Sherman Oaks, CA)
* 4-story reinforced concrete structure with lateral moment resisting frames
(LMRF) along the perimeter and post-tensioned slabs and columns form

the interior gravity frame

» Damaged in the 1994 Northridge earthquake: slab punching and joint
cracks

» UCLA NEES pilot project (4/04 to 8/04) in which mass shakers attached
to the roof vibrated the building while data was recorded using UCLA
NEES data acquisition equipment (i.e. mobile command center, Q330’s,
episensors)

Each structure has been analyzed
using a finite element computer
program (SAP2000) to obtain
system properties for purposes of
comparison. Assumptions made

Of many existing system identification algorithms, one
advanced method is N4SID (Numerical Subspace
State Space System Identification). This algorithm
identifies system matrices in the state space from
which modal properties (frequencies, damping ratios,
and mode shapes) can be extracted. This algorithm were appropriately verified, e.g.
can be applied to systems subjected to known or material properties, diaphragm

P Four Seasons Fef A=
unknown excitation. FEM Mode! and joint rigidity.
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Preliminary identified modal properties from the | Mode | f(Hz) | ¢ (%) f(Hz) 1 1 1 1 1 1
linear shaker tests compare well with analytical 1 1.10 4.9 1.24 e Al
model properties. Data from the eccentric mass 2 3.17 6.1 3.50 | ,MM | | | |
shakers are currently being processed. Additional 3 6.04 6.4 6.37 o T S L S
tests performed to investigate damage detection. 4 9.60 58 10.00 Frequency (Hz)
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Identified modal frequencies from the ambient vibrations are slightly higher than those identified from data
during the 2002 Yorba Linda earthquake. This could be due to the decrease of lateral stiffness contribution

associated  with . r)on—structu_ral Identified - Ambient | Identified - Earthquake| Analyzed
elements (e.g. partitions, gravity
frame) under larger vibrations. Data | Mode f(H2) 6 (%) f(H2) £ (%) f(H2) —
from recent earthquakes (6/04 San 1 0.58 20-30 0.55 20-25 0.51 :;d Mi:e
Deigo, 9/04 Parkfield) are currently 2 1.80 2.0-3.0 1.70 1.8-3.0 1.46 e 3rd Mode
@ng processed. 3 3.03 25-35 2.74 22-40 2.46 Mode Shapes( actor Bldg.) /
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