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INTRODUCTION

________________________________________

tracking the origin and changes in building’s
stiffness and strength
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ROBERT B. ATWOOD BUILDING
(DOWNTOWN ANCHORAGE, ALASKA)

Atwood Building
(instrumented by 32 accelerometers)

Free-field surface station and
downhole array with six boreholes

= A twenty-story moment-resisting steel frame office building
= Designed according to 1979 UBC, and constructed in 1980

= Square footprint of 39.6 m with a square concrete core of 14.6 m

PAPER NO: 453 SLIDE NO: 2/18



INSTRUMENTATION

= Instrumented by ANSS of USGS
in 2003

= 32 accelerometers distributed at
ten levels from basement to roof

= 27 of 32 accelerometers were
placed on nine different floors

= Basement has three vertical
sensors to measure vertical
motions and compute rocking
response

=24-bit IP-based Granite data I“N‘Nl

logger samples at 200 sps h’
= Nearby (~180 m away) Delaney
Park geotehcnical array has a

surface station and six boreholes
each with triaxial sensors
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EARTHQUAKES RECORDED

= Five local and regional
earthquakes with M between
4.7 and 6.2 were identified .
based on their proximity to the %
building and intensity of
recordings.

,,,

=The distant small magnitude
earthquakes were discarded
due to low SNR of their

waveforms 4 oIy d
1 2005-04-06 4.9 8.1 13.7
2 2006-07-27 4.7 24.3 41.8
3 2009-06-22 54 7.9 18.6
4 2010-09-20 4.9 22.8 38.1
5 2014-09-25 6.2 71.6 147.1
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HORIZONTAL ACCELERATIONS AT FIRST
FLOOR AND ROOF
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FUNDAMENTAL PERIODS

1.5

Input motion direction: East-West Ambient Input motion direction: North-South

= The average value of Earhauekes

o Second-mode 2005 Second-mode
the fundamental s | R G | s
. s 2010 48-0.57 Hz (2.67-3.03 Hz)
frequency is 0.46, 0.53 ¢ — 2014
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respectively for the
EW, NS and rotational
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the characteristics of

the analytical shear- N/ : Do

beam, having the Frequency, Hz

frequency ratio of "Frequency results computed from the CMIF using the data of
1:3°5. 25 September 2014 (M6.2) earthquake
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METHODOLOGY

= Deconvolution Interferometry (Direct method)

The deconvolution of the response at height z, u(z) by
the response at height z_, u(z,) , is defined as

D(Z, Za,a)) = u(z) [u(z,)

= | SQ Multilayer Model Fit (Rahmani and Todorovska,
2013)

This approach involves fitting of pulses in the analytical
IRFs by using equivalent layered shear-beam model as
functions of time, over predefined time windows
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IMPULSE RESPONSE FUNCTIONS (IRFS)
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"= |RFs calculated from the data of 25 September 2014 (M6.2)
earthquake
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SHEAR-BEAM MODEL

Roof
= 4-layer shear-beam model used tayer | Sm
to calculate the average shear-
wave velocity of the Atwood Laer 2 10300
Building
14t floor —
Layer 3 2702 m
7% floor
Layer 4 2448 m

18floor 77777777777 7777777
T]\ 4-layer model

Vertically incident plane shear waves
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SHEAR-WAVE VELOCITY PROFILES
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AVERAGE SHEAR-WAVE VELOCITY

@ , | | (b)

@ upgoing traveling wave
O downgoing traveling wave
fitted line
0.4}
Vs =176.35 m/s Vs =177.52 m/s
wn
) i
g 0
|_
-0.4
Direct method LSQ method
_0.8 1 1 1 1 1 1
-100 -50 0 50 100 -100 -50 0 50 100
Travel distance, m Travel distance, m

= Based on 4-layer shear-beam model and peak amplitudes of IRFs
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AVERAGE SHEAR-WAVE VELOCITY

"Average shear-wave velocity of the Atwood Building based on direct and

LSQ methods
Event No.
Direction 1 2 3 4 5 Median -randard
deviation
Direct East-West 198 198 191 193 176 191 9.0
method North-South 207 210 206 209 193 205 6.9
____________________ Torsion 183 183 177 182 158 176 107
LSQ East-West 194 196 191 194 178 190 7.3
method North-South 208 207 207 207 194 204 5.9
Torsion 184 183 178 180 153 175 12.9
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INTRINSIC ATTENUATION

= During wave propagation, the energy loss induced by
intrinsic damping can be represented by the following
attenuation equation (Aki and Richards, 1980)

A(F)=exo(—r- F =
(f) ep(ﬂfQ)

where As(f) is the reduction in the amplitude of a
sinusoidal wave frequency when it travels a distance of
travel time, and Q is the quality factor.

The damping ratio (¢) is defined by as ¢ = 0.5Q.

" |t separates the intrinsic attenuation and radiation
damping.
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DAMPING

= |IRF envelopes in natural log. scale for the first-three
fundamental modes in the east-west (EW) direction

IRF Envelope [0.2 - 1.0] Hz IRF Envelope [1.0 - 2.0] Hz

First-mode, 0.41 Hz (EW-direction) Second-mode, 1.365 Hz (EW-direction)

In (envelope) + Floor number

IRF Envelope [2.0 - 3.0] Hz
25 T r r -
Third-mode, 2.65 Hz (EW-direction)

= The average damping ratio is
K ‘ found to be 3.7% and 3.4%

W along the EW and NS directions
MW for the fundamental modes.

0 20 40 60
Time, s

In (envelope) + Floor number

o

0

PAPER NO: 453 SLIDE NO: 2/18



CONCLUSIONS

= Simplicity and similarity of the IRFs from
different earthquakes suggest that a one-
dimensional shear-beam is a reasonable model to
guantify the building’s linear-elastic dynamic
properties.

" The estimated median shear-wave velocity from
IRFs of five earthquakes is 191 m/s for the east-

west (EW), 205 m/s for the north-south (NS), and
176 m/s for the torsional responses.

= Damping ratio identified is consistent for five
earthquakes. Its average value is 3.5% in the
translational directions.
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