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INTRODUCTION

Ambient vibration from wind, traffic, and human activities results into low levels of building
motion. As a result, ambient vibration collected data have been used to extract dynamic
characteristics of a wide array of civil engineering structures. Among these, a few dynamic
characterization tests have been performed on timber building structures, but only a few focused
on mass timber structures using different types of engineered wood products for the gravity and/or
lateral load resisting systems (Worth et al., 2012; Reynolds et al., 2015, 2016). Since there is a
growing interest in design and construction of mass timber structures for multi-story buildings,
it is important to provide dynamic data obtained from actual constructed projects.

The dynamic features of buildings have lead researchers and design professionals to gain
knowledge of how structures behave under ambient excitations offering guidance on serviceability
performance and insights on the structural performance of structures under high winds and seismic
loading. Serviceability performance are of particular relevance for mass timber buildings when
compared to conventional concrete and steel buildings, due to the lack of available data. Dynamic
data for this type of building is necessary to understand the influence of overall mass, stiffness,
and mass distribution on the modal parameters of the structure (frequencies, damping, and mode
shapes), especially. The availability of these data can contribute to the effective design of mass
timber buildings to ambient and wind-induced vibrations and the consequent occupant comfort
and safety.

In the past decade, cross-laminated timber (CLT) has been adopted for structural assemblies
of some North American multi-story buildings. One of these projects is the “Albina Yard,” a four-
story building located in Portland, OR, which is the first multi-story construction built using U.S.
manufactured cross-laminated timber (CLT) floor systems. There is currently a lack of open-access
test data on existing buildings using mass timber technology. This study addresses this research
need. Ambient vibration data were collected on the “Albina Yard,” providing one of the few dynamic
dataset for a U.S. building constructed using CLT members. An application and discussion of
these data using two operational modal analysis (OMA) methods is presented in Mugabo et al.
(2019)*. In the cited study, dynamic characteristics of the Albina Yard building were obtained,
using the Enhanced Frequency Domain Decomposition (EFDD; Brincker et al.,, 2001) and the
Stochastic Subspace Identification (SSI; Brincker and Andersen, 2006) methods. However, other
OMA approaches could be used and results compared to those presented in Mugabo et al. (2019)*.
In addition, these collected data can be used for benchmarking future finite element modeling
to estimate building performance under extreme loading. For this reason, the complete dynamic
dataset for the Albina Yard building is provided to the wider research community for further
investigation and dynamic data analyses.

Mugabo, I, Barbosa, A. R., and Riggio, M. (2019). Dynamic characterization and vibration analysis of a four-story mass
timber building. Submitted to Frontiers in Built Environment.
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FIGURE 1 | (A) Photo of the “Albina Yard” taken from the East side of the building. (B) Photo showing two uni-axial accelerometers with aluminum-coated brackets

attached to the CLT floor.

B

This data report aims at guiding interested parties to the
dataset and providing essential information for understanding
the data. Value and use of the data are listed below:

e The data can be directly used to perform output-only modal
identification of the investigated structure.

e The data can be compared to future dynamic data of the same
building, to investigate possible variation of modal properties
of the structure with time.

e The data can be compared to data acquired on other mass
timber buildings.

e The data can be used to benchmark finite element models of
the same building.

DESCRIPTION OF DATASET

The “Albina Yard” building has approximately 27.20 x 13.95m
of plan area per floor and a total height of approximately 15.39 m
over four stories. The gravity load bearing system consists of
Douglas-Fir (DF - Pseudotsuga menziesii) cross-laminated timber
(CLT) floors supported on DF glued laminated (glulam) timber
frames. Light-frame double-sheathed shear walls are used for the
lateral force resisting system. The building envelope is comprised
mainly of window glazing on the East and West facades and
metal cladding walls on the North and South faces. Figure 1A
presents a view of the building’s eastern side. Drawings of the
tested building can be found in the dataset described below.
More information on the structural details is presented in
Mugabo et al. (2019)1.

The dynamic data collection took place in January 2017
shortly after the building was commissioned. Data were collected
a weekend day to avoid interference with occupants’ activities

and minimize the input from human-induced vibrations. The
building was tested assuming ambient conditions (vibration from
external environmental sources, such as road traffic, wind, etc.).
Approximately 2h of ambient acceleration data were collected
using 16 uni-axial accelerometers (Figure 1B) and one tri-axial
accelerometer. The uniaxial accelerometers have ~1,000 mV/g
sensitivity, acceleration measurement range of £+ 5g peak, a
frequency range of 0.06 to 450 Hz, and a broadband resolution
0.000003 g root mean square (RMS). The tri-axial accelerometer
has ~100 mV/g sensitivity, acceleration measurement range of
=+ 50 g peak, a frequency range of 0.6-5,000 Hz, and broadband
resolution 0.0002g RMS. For the tri-axial accelerometer, only
the measurements corresponding to the horizontal directions
were measured. The accelerometers were connected through
coaxial cables (with a resistivity of 50 Ohms) to a portable data
acquisition system (National Instruments, NI ¢cDAQ - 9174),
which transmitted the data to a laptop computer with NI Labview
SignalExpress 2014 software (National Instruments, 2013). As-
recorded raw data, without any filtering, are included in the
presented dataset.

Overall, on each floor level, vibration measurements were
taken at the northwestern corner (between farthest beam to
column connection and drywall), center point (utility room
closet), and/or southeastern corner of the building (between
farthest beam to column connection and wall). The utility room
is not at the geometric center of mass of the floor plan of the
building; however, it is estimated to be the closest accessible
location to the planar center of mass. At each of these three
locations, acceleration values were taken in the EW and NS
directions of the building plan.

Data collection were conducted in two setups: setup 1 and
setup 2. In setup 1, the accelerometers were attached on the
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FIGURE 2 | Power spectral densities of channels 2 and 6 acceleration data
taken during setup 1.

underside of the roof, fourth floor, and third levels. During setup
2, four accelerometers were moved from the fourth level to the
second level. The remaining accelerometers shared the same
locations for both setups. It is worth noting that the northwestern
corner of the second floor level was not instrumented because
it was not accessible during the testing period. For each setup,
the data were collected for ~1h, with a sampling frequency of
2,048 Hz. Figure 2 is provided to highlight the quality of the data
based on two channels labeled channel 2 and 6 taken during setup
1. The channels 2 and 6 measured the NS accelerations of the
roof’s northwestern and southeastern corners, respectively.

The dataset has the following digital object identifier? and
is accessible for download to the general public. The dataset
is named “Albina Yard Building Structural Monitoring and
Behavior Dataset” and is located on the Open Science Framework
repository. Two main folders can be found at this repository: one
for the collected data, and the other for the supporting setup
information. The collected data folder, denoted as “Ambient
Vibration Acceleration Data” contains two zipped files, one
for each setup. The “Supporting Information” folder contains
floor and elevation sketches showing the locations of the
accelerometers, and a file with coordinates of the accelerometer’s
locations in relation to a column located at the SW corner of the

2https://doi.org/10.17605/OSF.I0/34UB6

building. The “Supporting Information” folder also contains six
figures that present power spectral densities of all the channels’
acceleration data taken during setup 1. The dataset contains a
metadata file that provides units and abbreviations, a general
data description, folder hierarchy, and data files information
by line.

POTENTIAL USES

The dataset can be used for a variety of purposes related
to the field of operational modal analysis (OMA). Previous
operational modal analysis using these data were conducted by
Mugabo et al. (2019) using two OMA methods: the enhanced
frequency domain decomposition, and the stochastic subspace
identification. The data can be analyzed using the many available
OMA methods (Reynders, 2012). Several tasks could be of
interest to researchers using these data. Studying optimal sensors
locations and mechanical vibration induced noise are some
among the tasks that can be of interest to researchers in
regard to these data. In addition, these data can be used
to support finite element model development and updating,
since building information is also provided and included in
Mugabo et al. (2019)1.
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