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* Correspondence: wangfei@bjseis.gov.cn 

Abstract: Wave propagation in buildings analyzed from its response to earthquakes can be applied 
for tracking the dynamic characteristics changes based on impulse response functions. The velocity 
of traveling shear-waves and intrinsic attenuation in buildings can be retrieved for buildings. It is 
an approach of importance for system identification. The Factor Building at the University of 
California, Los Angeles campus (henceforth referred as the UCLA Factor Building), an instrumented 
15-story steel-moment frame structure, are selected for dynamic response characteristics 
identification. They are inferred from wave propagation using seismic interferometry for recorded 
motions. The deconvolved waves are used to compute shear wave travel time and wave attenuation. 
The natural logarithm for the envelopes of the waveforms deconvolved with the signal at the 
basement constrains the attenuation. The waveforms from deconvolution with the motion at the 
basement suggest the fundamental mode of the building. The frequency and decay with time 
constrain the shear velocity and attenuation as well. The velocity are measured using arrival times 
picked from these deconvolved waves and the average velocity is 147.1 m/s. The quality factor is 
equal to 10.8 with the damping ratio at 5%. The shear wave velocity and damping ratio estimated 
from the deconvolved waves have a good match with these inferred from the waveforms 
deconvolved with the basement recording. This consistency suggests that wave deconvolution can 
be applied to extract the building response from the excitation and ground coupling. Based on the 
resonant frequencies and damping ratio, the finite element model of the building is updated. This 
study implies that wave deconvolution is powerful to extract the building dynamic characteristics. 
It helps to better the understanding of the dynamic response of buildings to earthquakes. 

Keywords: wave deconvolution; fundamental frequencies; shear wave velocity; finite element 
model calibration 

 

1. Introduction 

The response of a building to an earthquake has been worked on to improve the building seismic 
design, to mitigate earthquake hazards and to minimize casualties (Todorovska et al., 2001a; Snieder 
and Safak, 2006; Kohler et al., 2007). Wave Propagation in Buildings as Periodic Structures. Measuring 
building motions, modal frequencies, shear wave velocities and intrinsic attenuation has been leading 
to better understanding the response of the building (Trifunac et al., 2001a and 2001b;Todorovska et 
al., 2001b; Clinton et al., 2006; Newton and Snieder, 2012; Aydin et al., 2018). The motion of the 
building mainly depends on the excitation, the coupling of the building to the ground, the size and 
the mechanical properties of the building(Toshihide, 2017; Anna et al., 2021; Todorovska et al., 2021). 
The velocity of shear wave and intrinsic attenuation in the building are dominant parameters for the 
building response. They control the motion and the modal frequencies of the building under a given 
excitation. We need to separate the response of the building from the excitation and the coupling to 
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the ground by measuring the shear wave velocity and damping ratio. Advancing the measurement 
of shear wave velocity and attenuation helps to accurately describe the response of the building.  

Skolnik (2005) studied the response and system identification of the building using the vibration-
based approach with the assumption that the responses are synchronous at different levels. It has 
been proved that seismic interferometry is a valid mathematical technique to reveal system 
parameters as well (Mordret et al., 2017; Wen and Kalkan, 2021). Wave deconvolution is frequently 
applied in system identification and damage detection (Wen and Kalkan, 2017; Nakata, et al., 2015).In 
fact, seismic responses are the result of wave propagation and there are wave phenomena playing an 
important role in understanding the building response and identification the structural 
characteristics (Zhang, et al., 2011; Cheng, et al, 2014; Ebrahimian and Todorovska, 2014 and 2015; 
Rahmani, et al, 2015a and 2015b). The focus of this work is to examine the validity of the wave 
deconvolution in building system identification.The response analysis of buildings indicates that 
wave deconvolution method is effective and it can be used to accurately extract the building response. 
It betters the understanding for the building dynamic response to earthquake shaking and explains 
the interpretation of wave propagation pattern in buildings. 

2. Metrology  

2.1. Analysis Procedure and Wave Deconvolution Theory 

The response characteristics can be extracted from wave deconvolution (Rahmani and 
Todorovska, 2015;Wen et al.,2022). For buildings with health monitoring system, earthquake 
recordings are frequently obtained on different levels.The response of the buildings is derived by 
deconvolving the waves recorded at floor levels in the building either with recording on the basement 
or the signal recorded on the roof. The analysis procedure is demonstrated in the flowchart of Figure 
1. With wave deconvolution, the impulse response between two signals is constructed to indicate the 
information on building response. The impulse response is utilized to identify the normal mode of 
the building and wave propagating in the building. Based on normal mode and wave propagation, 
shear wave velocity and damping ratio can be unraveled. The frequency and damping ratio extracted 
from wave deconvolution are adopted to calibrate and update the computer model of buildings. The 
simulated response of the updated model has a good match with actual recorded earthquake in 
displacement calibration. 

 
Figure 1. The flowchar for wave deconvolution analysis and model calibration. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 July 2024                   doi:10.20944/preprints202407.0968.v1

https://doi.org/10.20944/preprints202407.0968.v1


 3 

 

The response of the buildings is extracted by deconvolving the waves recorded at all floors either 
using the signal recorded at the basement or the signal recorded at the roof (Nilgün and Şafak, 2019). 
For two signals uଵ(ω)and uଶ(ω) in the frequency domain, deconvolution is defined as: D(ω) = uଵ(ω)/uଶ(ω). (1)

Eq. (1) is unstable when uଵ(ω)approaches to zero. Thus, an estimator ε is used to stabilize Eq. (1) and 
deconvolution is changed into: D(ω) = uଵ(ω)uଶ∗ (ω)|uଶ(ω)|ଶ + ε (2)

where the asterisk denotes the complex conjugation. When ε is zero, this expression reduces to Eq. 
(1). In this study, the parameter ε was set to 5% of the average spectral power.  

A one-dimensional shear wave propagation model is introduced with the assumption that the 
viscous damping ratio is independent of the frequency. The shear wave propagates from basement 
to the roof, and reflects back from roof downward to the basement. The waves attenuate during the 
propagation due to damping. With travel distance L and constant damping ratio, this attenuation 
model A(L, ω) is described as:  A(L, ω) = exp ቆ− γ|ω|LVୗ ቇ (3)

In Eq. (3), Vs stands for the shear wave velocity. The damping ratio is γ = ଵଶ୕ where Q is the quality 
factor. In frequency domain, the deconvolution of the motion at the height z with the basement signal 
is denoted as: B(z, ω) ≡ u(z, ω)u(z = 0, ω) (4)

The deconvolution with the signal at the roof is: T(z, ω) ≡ ୳(୸,ன)୳(୸ୀ଴,ன). (5)

The wavenumber is defined by: k = ω/Vୱ. (6)

The motion at height z in time domain is defined as: u(z, t) = A(z, t) ∗ s ൬t − zVୱ൰ + A(2H − z, t) ∗ s ൬t − 2H − zVୱ ൰ + r(t) ∗ A(2H + z, t) ∗ s ൬t − 2H + zVୱ ൰+ r(t) ∗ A(4H − z, t) ∗ s ൬t − 4H − zVୱ ൰ + ⋯ 
(7)

where H is the building height, s stands for the input ground motion at the basement, and r is the 
reflection coefficient of the basement. With the sum of the upward- and downward-traveling waves 
and the attenuation assumption, the motion at height z in frequency domain is expressed as: 

u(z, ω) = ෍ S(ω)R୬ஶ
୬ୀ଴ (ω)൛e୧୩(ଶ୬ୌା୸)eିஓ|୩|(ଶ୬ୌା୸) + e୧୩(ଶ(୬ାଵ)ୌି୸)eିஓ|୩|(ଶ(୬ାଵ)ୌି୸)ൟ (8)

In Eq. (8), S(ω) denotes the input ground motion at the basement, and R(ω) is the reflection 
coefficient of the basement. They are transformed from parameters s and r in the time domain. The 
reflection coefficient R(ω) is the function of frequency. Eq. (8) suggests that the amplitudes and 
phases are altered when the upward and downward going waves cross from one floor to another due 
to reflections at the interface. These alterations are characterized by the reflection coefficient R(ω), 
and are different for upward- and downward-going waves. With Eq. (8), B(z, ω) and T(z, ω) are 
converted as： B(z, ω) = ∑ (−1)୬ஶ୬ୀ଴ ൛e୧୩(ଶ୬ୌା୸)eିஓ|୩|(ଶ୬ୌା୸) + e୧୩(ଶ(୬ାଵ)ୌି୸)eିஓ|୩|(ଶ(୬ାଵ)ୌି୸)ൟ  (9)
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T(z, ω) = ଵଶ ൛e୧୩(୸ିୌ)eିஓ|୩|(୸ିୌ) + e୧୩(ୌି୸)eିஓ|୩|(ୌି୸)ൟ . (10)

When t > ଶୌି୸୚౩ ，the deconvolved waveforms are changed into the sum of the damped modes:  B(z, t) = ସ஠୚౩ୌ ∑ (−1)୫ஶ୫ୀ଴ exp (−γω୫t)cos (னౣ(ୌି୸)୚౩ )sin (ω୫t)  (11)

with     ω୫ = (୫ାభమ)஠୚౩ୌ , m = 0, 1, 2, ….. (12)

In Eq. (12), the sum is exponentially damping. The fundamental mode with m = 0 has the smallest 
damping. That means for larger time (t ≫ 2H/πVୱ), the fundamental mode dominates. Hence, B(z, t) ≈ 4πVୱH exp (−γω଴t)cos (ω଴(H − z)Vୱ )sin (ω଴t) (13)

and the resonance frequency becomes:  ω଴ = πVୱ2H . (14)

The period corresponding to the angular frequency is given by  T଴ = 4HVୱ . (15)

From the Eq. (6) and (10), if there is no attenuation, the deconvolved waves with the roof recording 
in the time domain is given by a superposition of upward- and downward-propagating delta 
functions as in the following: T(z, t) = π ൜δ ൬t − z − HVୱ ൰ + δ(t + z − HVୱ )ൠ. (16)

The aforementioned are the fundamental theory of wave deconvolution (Sneider and Safak, 
2006), frequently applied for seismic-interferometry analysis. Based on the theory, dynamic response 
characteristic is analyzed for the UCLA Factor Building.  

2.2. Building Instrumentation and Monitoring Data 

The UCLA Factor Building, shown in Figure 2a), a 15-story high-instrumented steel moment 
resisting frame building with a basement is selected as an example to carry out the wave 
deconvolution analysis and finite element model calibration.This steel moment frame structure 
stands at 234 feet tall, and has 15 stories above ground with one full basement and one partial 
basement. Typical floors for floor one through floor nine, and floor ten through fifteen are shown in 
Figure 2b) and Figure 2c), respectively. Floors one through nine have a rectangular shape with 
protrusions in all four corners, and a wing that extends outwards in the west side. The dimensions 
of the rectangular portion are 126 ft-4 in by 74 ft-4 in, and dimensions of the wing on the east side are 
roughly 35 ft-6 in by 24-ft 5 in. From tenth floor to the roof, the main rectangular portion bulges 
outwards in both the east and west directions 4 ft-2 in and 13 ft-10 in, respectively. 35 columns 
support the building from first floor through ninth. Floors ten through the roof use 44 columns. Eight 
steel tube sections are used to support the protrusions in the corners of the building. All of the beams 
are assumed to be connected using moment resisting connections. With the exception of the steel tube 
sections, all of the steel sections used in this building are typical W-section. The building is supported 
by spread footings at its foundation.  
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Figure 2. a), Front Elevation of the Factor Building. b), Typical plan view for Floor B1 to 9. c), Typical 
plan view for Floor 10 to 15. The plane size changes on Floor 10. 

The seismic array installed in the Factor Building consists of 72 force-balanced accelerometers 
(Kinemetrics FBA-11) that have been set up on every floor. The force-balance accelerometer sensors 
have a natural frequency of 50 Hz, normal damping at 70% of critical, and a dynamic range of 135 dB 
from 0.01 to 50 Hz. The output range scale is ±4 g. The locations of accelerometers are demonstrated 
in Figure 3a). Each floor is typically instrumented by four uniaxial sensors: One in the north, south, 
east, and west. The accelerometers installed in the north-south directions are parallel to each other, 
and similarly sensors in the east-west direction are parallel to each other. In both basements, two 
uniaxial sensors are installed orthogonally to measure horizontal motions, and two uniaxial sensors 
are aligned vertically to record vertical motions apart from each other in order to compute building’s 
rocking motion. In 2003 the U.S. Geological Survey’s National Strong Motion Project updated 18-bit 
data-loggers with 24-bit IP-based data loggers and fiber-optic data transmission to improve real-time 
seismic monitoring. In 2005, a 100-m-deep borehole and an overhead surface accelerometers were 
installed in the nearby Botanical Gardens approximately 25 m away from the building. They consist 
of a three-component shallow 1 g accelerometer at 100 m depth and a 2 g accelerometer at the surface. 
The accelerometer network in the Factor Building is continuously recording data, and the data is 
being archived for public use at the IRIS Data Management Center. The recorded motions during the 
2004 M6.0 (M = moment magnitude) Parkfield Earthquake are chosen for this study. The epicentral 
distance of this earthquake is approximately 260 km away from the building. Figure 3b) and c) show 
the recorded waveforms in the east-west and north-south directions, and inferred torsion from first 
basement to fifteenth floor. The peak acceleration at the roof is about 0.25% g in the east-west 
direction, and about 0.20% g in the north-south direction. The building response was essentially 
linear-elastic at such low intensity. For this earthquake, the P waves arrive at about 10 sec. The S 
waves with strongest phase arrive at about 35 sec. The amplified long period surface waves due to 
basin structure in Los Angeles (Hatayama and Kalkan, 2011) that arrive at t = 75 sec excite a resonance 
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in the building with an amplitude that increases with the floor level. The recordings are analyzed 
with wave deconvolution to obtain the dynamic characteristic parameters. 

 
a)                               b)                                  c) 

Figure 3. a), Layout of sensors instrumented in the UCLA Factor Building; b), East–west (EW) 
direction acceleration waveforms recorded in Parkfield Earthquake; c), North-South (NS) direction 
acceleration waveforms. 

2.3. Wave Deconvolution Analysis 

The motions in the east-west direction are deconvolved with motions recorded at different floor 
levels. Figure 4a) shows the waveforms through the height of the building deconvolved with the 
recorded signal at the basement in the east-west direction. Because a signal deconvolved with the 
signal itself is a delta function, the deconvolved wave at level B1 is a single spike. This impulse signal 
propagating upward is a fictitious input to excite the building. The deconvolved waves at all the 
floors are triggered by the input impulse, that is, there are no waves at all levels before the impulse 
appears. The first onset of the deconvolved waves starts with an upward-propagating wave. It is well 
observed that time delay between the peaks increase with levels. The wave travels upward to the 
roof and is reflected by the roof. The roof reflection generates the second peak in the deconvolved 
waves. The reflected wave propagates downward to level B1 and generates another upward-going 
impulsive wave. The cycle of upward- and downward-propagating waves goes on with time. As Eq. 
(9) and (11) indicated, an infinite number of cycles form the deconvolved waves. For the early time 
(0-3s), the deconvolved waves consist of the superposition of upward- and downward- propagating 
waves. It is difficult to identify the individual upward-going and downward-going waves due to the 
wave interference. The later part (>3s), however, consists of standing waves as the resonance of the 
building excited by the input impulse signal. This resonance grows in amplitude with the floor level 
and is fairly monochromatic.  
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a)                                                               b)    

Figure 4. a), Deconvolved waveforms with the signal recorded at the basement. b), Deconvolved 
waveforms with the signal recorded at the roof and peak values of upward and downward 
propagating waves picked with red circles for upward propagating waves and green circles for 
downward propagating waves. 

When earthquake waves propagate to the building, the low frequency components are 
transmitted to the building, while the high-frequency components are blocked. With this low 
frequency, the reflection coefficients on the floors are small. Reflection coefficient for upward 
traveling waves on the free surface, however, approaches one (Safak, 1999) and is much bigger than 
that on each floor. Thus, the wave is reflected only by the roof and there is no reflection by the floors. 
Eq. (10) and (16), as well, indicate that the waveforms deconvolved with the signal at the roof consist 
of the superposition of one upward going wave and one downward traveling wave. The waveforms 
are much simpler than that deconvolved with the basement signal as shown in Figure 4b). The 
simplicity of the deconvolved waveforms suggests that the wave propagation is essentially one-
dimensional for the employed frequencies. The reflection coefficient for elastic waves by a floor in 
the building depends on the product of the frequency and the mass of the floor. No reflection by the 
floors lies on the fact that the frequencies used for wave deconvolution analysis is relatively low. On 
the other hand, the dominant wavelength of the shear waves spans several floors and this further 
suppresses reflections generated by the individual floor. When the frequencies are higher than that 
employed here, wavelength is smaller than the height of the floors. The deconvolved wave may be 
complicated with the reflections by the individual floor during the wave propagating in the building. 

The deconvolved waveforms in north-south direction and the torsion indicate the similar 
characteristics with that obtained in east-west direction. The size difference in east-west and north-
south directions leads to different stiffness. Therefore, the shear waves in east-west and north-south 
directions travel in various velocities.  
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The normal modes in the deconvolved response indicated by Eq. (11) only depend on the 
characteristics of the building. Because the fundamental mode is dominant, Eq. (13), (14) and (15) are 
used to extract the response of the Factor Building with the deconvolved waveforms in two 
directions. Eq. (12) gives the deconvolved waves with the superposition of an upward going and a 
downward going wave. Based on the deconvolved waveforms with the signal at basement and that 
at roof, the shear wave velocity and damping ratio are determined to check the consistency of wave 
deconvolution. 

The cross power spectra of the deconvolved waves in Figure 4a) indicate pronounced peaks at 
0.468 Hz and 1.526 Hz in east-west direction, shown in Figure 5a). The frequencies are also inferred 
at 0.505 Hz and 1.624Hz in north-south direction and 0.521 Hz and 1.644 Hz for torsions. These 
frequencies are the first two-order modal frequencies for the Factor Building. The dominant 
frequencies obtained in wave deconvolution are reported in Column 2 in Table 1. These values reflect 
the monochromatic nature of the resonance in two horizontal directions and vertical direction. With 
the frequencies and the total height of the building measured to the second basement, 74.8 m, shear 
wave velocities in east-west and north-south directions are computed as 140.0 m/s and 151.1 m/s by 
using Eq. (15).  

Table 1. Building’s fundamental frequencies determined from deconvolution and system 
identification of the 2004 M6.0 Parkfield Earthquake data and those obtained from the OpenSEES 
model. 

Mode 
No. 

Frequency (Hz) 
Deconvolution Parkfield Data OpenSEES 

1 0.468 0.468 
0.504 
0.680 
1.439 
1.615 
1.826 
2.506 
2.686 
3.787 

0.468 
0.477 
0.654 
1.249 
1.352 
1.892 
2.013 
2.327 
2.935 

2 0.505 
3 0.521 
4 1.521 
5 1.624 
6 1.644 
7 N/A 
8 N/A 
9 N/A 

 
a)                                              b)    

Figure 5. a), Fourier spectra for deconvolved waveforms at all the floors in Figure 3a). b), The travel 
time with distance in East-West direction . 

The arrival times of the upward and downward propagating waves are measured by picking 
the peak values of these waves, demonstrated by the circles in Figure 4 b) for east-west direction. For 
the upward-propagating wave, travel distances relative to the roof are given a negative value and for 
downward travelling wave, the distances are positive. Using arrival times and the distances, the 
measurements in east-west direction shown in Figure 5 b) display a fairly linear dependence of the 
travel time with distance. This indicates constant shear wave velocities in east-west direction. By 
fitting a straight line, the slope of the line for East-West direction is 0.0068 and the proximity of the 
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shear wave velocity is inferred as 147.1 m/s. In north-south direction, the line is fitted and its slope is 
0.0065. Therefore, the shear wave velocity is determined at 153.8 m/s. Shear wave velocities predicted 
by the wave propagating and the normal modes are practically identical. The differences are 5.1% in 
east-west direction and 1.8% in north-south direction individually. These differences are expected 
because the frequencies derived from wave deconvolution are based on the assumption of 
homogeneous medium with uniform mass and stiffness properties. 

With arrival times a straight line is fitted to predict the shear wave velocity. The slope of the line 
for east-west direction is 0.0068 and the proximity of the shear wave velocity is inferred as 147.1 m/s. 
With the arrival times at different floors and the floor heights, the shear wave velocities in east-west 
direction and north-south direction are calculated at all floor. Shear wave velocity profiles in two 
directions are identified, demonstrated in Figure 6. The trend in two directions is similar. Because of 
the bulges outwards in plane size at the 10th floor and above, the shear wave velocities change at the 
identical level. The profile effectively indicates the stiffness variety throughout the building. 

 
Figure 6. Shear-wave velocities with floor number. Shear-wave velocity becomes larger at Floor 10 
where the plane size extends outward. 

Expression (13) indicates the attenuation for the waveforms deconvolved with the signal at the 
bottom. For the deconvolved waveforms in east-west direction in Figure 4 a), envelopes are applied 
for the floor 9 to the roof and the natural logarithm of the envelopes are shown in Figure 7 a). Between 
the time 1 sec and 15 sec, the logarithm decay linearly with time. Therefore, straight lines are fitted 
for the top nine floors with the solid thick lines to extract the attenuation. Because the slopes depend 
on the attenuation, the floor number is added to each curve for clarity. This offset does not influence 
the result because the slopes do not change with the offset. The deconvolved waveforms in north-
south direction are analyzed in a similar way with the time from 1 sec to 10 sec in the logarithm of 
the envelopes. The slopes in east-west and north-south directions are listed in Table 2. Average slopes 
in east-west and north-south directions are adopted to compute the damping ratios in the two 
directions. The slope is equal to (-ω0/2Q). With resonance frequency 0.468 Hz in east-west direction 
and 0.505 Hz in north-south direction, the quality factors in both directions are similar with the value 
of 10.8. Thus, the estimated damping ratio in the Factor Building is about 5%. 
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Table 2. The slopes of the fitted lines for the natural logarithm of the envelopes from Floor 9 to Roof. 

Floor No. Slope in EW Slope in NS 
9 -0.1384 -0.1589 

10 -0.1398 -0.1592 
11 0.1406 -0.1583 
12 -0.1420 -0.1599 
13 -0.1306 -0.1505 
14 -0.1286 -0.1506 
15 -0.1343 -0.1560 

Roof 
Average 

-0.1351 
-0.1362 

-0.1562 
-0.1562 

 
Figure 7. a), Natural logarithm of these values is used to estimate the attenuation with a set of the best 
fitted lines. Between 1 and 13 sec, the logarithm decays linearly with time. b),Natural logarithm of the 
ratio of the amplitudes of the upward and downward going waves in EW direction in Figure 4 b) as 
a function of the two-way distance to the roof indicated with red solid circles. 

Eq. (10) indicates the propagating waves decay during travelling in the building for the 
waveforms deconvolved with the signals at the roof. As testified in Figure 4 b), the amplitudes of 
downward travelling waves are consistently smaller than these of the upward propagating ones. The 
propagating waves decay with distance as exp(-πfz/QV_s). To quantify the attenuation, the ratios of 
the amplitude of the downward going waves and the upward going ones are computed and the two-
way distance is measured relative to the roof. The relation between the natural logarithm of the ratio 
and the two-way distance is also fitted by a straight line in east-west direction and north-south 
direction individually shown in Figure 7 b). The frequency of deconvolved waves is about 2.75 Hz in 
east-west direction and 3.25 Hz in north-south direction. With the shear wave velocities and quality 
factors in two directions, the fitted lines suggest the similar attenuation with distance in the Factor 
Building.  
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3. Results and Discussion 

The fundamental frequencies of the Factor Building are also estimated directly from the power 
spectra of the building response during Parkfield Earthquake at various floors, and reported in 
Colum 3 in Table 1. Three-dimensional finite element model of the building was created in OpenSEES 
(2009). The model consists of 962 nodes, 1442 beams and 714 columns. Material parameters are 
defined as the uniaxial material steel with elasticity modulus 29000 lb /inch2, yield strength 60 lb 
/inch2, shear modulus 11154 lb /inch2 and the hardening ratio 0.02.The resonant frequency identified 
from wave deconvolution in east-west and north-south directions and the aforementioned first nine 
frequencies identified using power spectra were used to calibrate the computer model. The first nine 
modes are computed and demonstrated in Figure 8 a). They are in EW direction, NS direction and 
Torsion. Frequency calibrating is used for model updating. Mass and stiffness distribution is adjusted 
to revise the fundamental frequencies until they incline to the frequency identified from recordings. 
Mode shapes are simultaneously updated to eliminate the differences. The updated frequencies are 
listed in Column 4 in Table 1. The first and the second modes obtained from the earthquake data and 
simulated are compared and demonstrated in Figure 8 b).  

 
       a)                                                b)  

Figure 8. a), The first nine modes for the Factor Building in two horizontal and vertical 
directions.b),Shapes for the 1st and 2nd mode obtained from recorded earthquake data and simulated 
data. The discrepancies are negligible. 

After updating the model, the Rayleigh damping is applied in the model. By adopting the 
damping ratio 5% inferred from deconvolution, as indicated in Figure 9 a), the Rayleigh damping is 
applied and the mass coefficient in combination with stiffness coefficient is calculated with the values 
of 0.2537 and 0.0047. With these parameters, dynamic analysis is carried out for this updated model. 
The east-west and north-south recordings at basement one for the Parkfield Earthquake are used as 
input ground motions. Relative displacements are compared between the recorded data and the 
computed data in Figure 9 b). Displacement calibration indicates they have a good match and the 
model is satisfactory at least in linear state. 
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           a)                                                     b)    

Figure 9. a), The Rayleigh damping curves for the numerical model. b),Relative displacement 
calibration between the recorded data and the computed data.  They are nearly consistent in 
frequencies and amplitudes. 

5. Conclusions  

Wave deconvolution is applied to extract the normal mode and the wave propagating in the 
horizontal directions for the Factor Building. The deconvolved waves can be used to estimate the 
shear wave velocity and attenuation. The waves deconvolved with the motion at the roof indicate 
upward- and downward-going waves. The waveforms deconvolved with the motion at the basement 
imply the fundamental mode of the building. The frequency and decay with time constrain the shear 
velocity and attenuation. The velocity is measured using the arrival times picked from these 
propagating waves and computed directly by the expression 4Hf indicated by the normal mode. The 
natural logarithm of the envelopes for the deconvolved waves in the top nine floors constrains the 
damping ratio. The shear wave velocity estimated from the deconvolved waves with the roof signal 
have a good match with these inferred from the waveforms deconvolved with the basement 
recording. This consistency suggests that the wave deconvolution extracts the response of the 
building from the excitation and ground coupling. With the information acquired from the 
deconvolved waves, the model of the building is calibrated and updated in detail. The analysis 
validate the effectiveness of the wave deconvolution in building system identification.It can be used 
to accurately extract the building response. Wave deconvolution interprets the wave propagation 
pattern in buildings and helps improve the understanding for the building dynamic response to 
earthquake shaking.This study expands the application of building health monitoring data and 
suggests a new viewpoint to learn about the build dynamics characteristics. Comparing to the 
corresponding studies in seismic interferometry, based on the higher sample rate, the results are more 
accurate. It is suggested in practice that sampling rate is strictly restricted to obtain the ideal results. 
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