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Abstract

The design of engineering structures like it is done today and in the past is based on static calculations. The consideration
of uncertainties in the model quality becomes more and more important with the development of new construction
methods and design requirements. In addition to the traditional forced-based approaches, experiences and observations
about the deformation of components and the overall structure under different exposures, lead to novel detection and
evaluation criteria.

This continuous process can be observed and followed by code development, respectively. Accessible knowledge
collected and provided on database will indeed play an essential role for future decisions. Additionally, the use of machine
learning methods which require training data is becoming more and more common. Therefore, the establishment of a
database, in which experimental results, information and acquired knowledge are collected and provided for future
common activities in research and education, becomes more and more important.

The network of the EU funded Erasmus+ strategic partnership between Universidade de Aveiro, Budapest University of
Technology and Economics, University of Ljubljana, Josip Juraj Strossmayer University of Osijek, and Bauhaus-
Universitadt Weimar created such a collaborative platform to share existing and future experimental data, results, and
acquired knowledge with researchers all around the world. The different expertise, research work, and facilities from the
partners are brought together for easier common use and application. Quite often data from experiments conducted in the
past cannot be easily accessed for many reasons (e.g. compatibility, change of responsibilities, etc.).

This paper addresses the database created in the project and the currently available datasets. At the same time, those
interested are encouraged to use the database for their purpose and to provide additional data sets for wider use and
usability for others. Based on the synopsis of the available data sets, information on the scope, completeness, and
examined parameters is presented. In accordance with the objective of providing not only data but also information, results
of analytical investigations are assigned to the experiments, too. The aim is to provide the users with access to the available
results and models.
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1. Introduction

The seismic analysis and design of complicated structures, such as tall buildings, long-span bridges, etc. cannot
rely on assuming static forces and elastic structural response only. On the other hand, by considering the
dynamic nature of seismic action and inelastic response of the structure in the analysis, new uncertainties will
challenge the design engineer; such as uncertainty about structural response, deformations, etc. One common
approach to overcome the uncertainties is to conduct experiments on equivalent models of the structure or
structural elements and record the results and observations which can then be used to make an estimate of the
variable under investigation.

In this regard, the researchers may also refer to the experimental results of the others for further
evaluation. Therefore, it is crucially beneficial and informative to create platforms on which the experimental
results are stored and accessed. A database is a common form of such platforms which has become more
common by the rapid growth of the internet and communication. The database EXHCAIN has been created to
store and share variety of experimental data for this purpose.

The network of the EU funded Erasmus+ Strategic Partnership between Universidade de Aveiro,
Budapest University of Technology and Economics, University of Ljubljana, Josip Juraj Strossmayer
University of Osijek, and Bauhaus-Universitat Weimar created such a collaborative platform to share
experimental data, results and acquired knowledge (into a common accessible database). The different expertise,
research work, and facilities from the partners are brought together for easier common use and application.

This article introduces the database EXCHAIN (Fig. 1), created as described in the above project, and
describes the currently available datasets. Firstly, the research works, the papers and the articles are classified
into three groups; this is necessary since the experimental data and results on the database were taken from
them. Secondly, the definition of “test setup” and “experiment” together with some other terms used on the
database are presented. Finally, a brief overview of the available experiments and results is provided.

Collaborative Platform and Database to share existing and still to be
EX‘ HA ’N conducted experimental data, results, and already gained knowledge
into a common accessible database

BC elements RC frames multi story RC frames steel frames RC lab structures steel lab structures RC real structures experimental time historys all datasets

This database/collaborative platform is developed in part of the EU funded Erasmus+ Strategic Partnerships between the Universidade de Aveiro [UA], Budapest University
of Technology and Economics [BME], University of Ljubljana [UL], Josip Juraj Strossmayer University of Osijek [GFOS], Bauhaus-Universitit Weimar [BUW]. More
information about the concept and strategic partnership can be find here.

The collaborative platform aims to share existing and still to be conducted experimental data, experimental and analytical results, and already gained knowledge
into a common accessible database (cloud). The different expertise and facilities from the partners are brought together for easier common use and application. Quite
often data from past conducted experiments cannot easily accessed due to many reasons (e.g. compatibility, change of responsibilities, etc). It does not claim to be
complete. Everybody is invited to use and add new data as well as gained knowledge for future generation! Please contact us!
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= columns = bare = bare = one story
= piers = full infilled = infilled w/wo openings =  multi story/bay
= beams = infilled with openings = barefinfilled

= walls =  w/wo openings
= joints

Fig. 1 — The homepage of database EXCHAIN at https://exchain.edac.biz.
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2. The Database EXCHAIN

The Erasmus+ SP project focused on support to shape innovative developments in civil engineering,
intercultural exchange, and to improve professional, social, and language skills of excellent junior staff. At the
center of the partnership was the exchange of knowhow in the fields of earthquake engineering, steel and
bridge construction, mathematical models and structural analysis.

In part of the strategic partnership, additionally a collaborative platform was established to share existing
and future experimental data, results, and already gained knowledge into a common accessible database. The
different expertise, research work, and facilities from the partners were brought together for easier common
use and application. Quite often data from experiments conducted in the past cannot be easily accessed due to
many reasons (e.g. compatibility, change of responsibilities, etc.). The elaborated collaborative platform and
database is available at: http://exchain.edac.biz .

2.1 Structure of the Database

The data sets of the EXCHAIN database are hierarchically structured and are based on corresponding
publications. That means all data are linked to the original author and publication. All relevant information
from a publication must be manually transferred to the specified file structure. The EXCHAIN application can
then import this file structure automatically and import it into a database. This database is then the source for
a web front-end that makes the test results available on the website (Fig. 1).

The file and folder structure is divided into 3 levels: "Publication”, "Test Setup" and "Experiment". The
level "Publication" stands for the entire document (e.g. article, conference contribution, etc.), the level
"Testsetup" stands for a relevant diagram in this document (e.g. diagram with pushover curves) and the level
"Experiment" stands for a curve in this diagram. Thus, a publication can contain several "test setups"
(diagrams) and a "test setup” can contain several "experiments" (test curves).

The whole database design is arranged in a way that new structural types can be easily added, whereas
the sub-structure has to be typically followed. It will allow an easy access to the data via scripts (Fig 2). [Note.
The necessary front-end is currently under development!]
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Fig. 2 — First order categories — structural types — of the EXCHAIN database.
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2.2 Publication

For each publication, a publication folder and a file "pub_data.txt" must be created. The information in the file
is stored in key-value pairs. The following information have to be provided and are used: Title of the
publication; Reference for publication; Year of publication; Publication type (The following publication types
are currently available in the database: Proceedings, Article, Book, Unpublished, WebPage, Master Thesis,
PhD Thesis); Authors of the publication; General description of the publication. Furthermore, it is possible to
insert images in the description text.

The publication folder must also contain a subfolder "pics" and a subfolder "downloads". In the folder
"pics" the pictures have to be saved, which should appear in the description text of the publication. In the folder
"downloads" files can be stored which are to be made available for download via the web frontend (for example
PDF file of the publication).

2.3 Test Setup

For each diagram with relevant information in the publication, a test setup folder and a file "tsp_data.txt” has
to be created in the publication folder. The information in the file is stored in key-value pairs just as in
“pub_data.txt”. The following information have to be provided and are used:

- Name of the "test setup";

- Test setup type, this type is not arbitrary. The following options are possible so far: "RC element", "RC
frame", "multi story RC frame", "RC lab structure", "RC real structure", and “Steel lab structure”;

- Name of the X- and Y-axis of the diagram (for example "Displacement");
- Unit of the X- and Y-axis of the diagram (for example "mm");
- Number of floors, if determinable for the selected test setup type, otherwise blank line;

- General description of the test setup, analogous to the publication description the insertion of images is
possible. The image file must be saved in the subfolder "pics" of the test setup folder.

List of publications |Publ|cat|on Seismic Response of infilled framed builginasuskag ﬂush@wehﬂndy5|5-(-20Q7 |
Koray Kadas, Baris Binici, Ahmet Yakut Authorl |5J l L\\t \.,f tQSt fetbr‘;
Influence of capacity curve i
approxfmation?on?eismic koG kuibanings I Normalized Pushover curve 5 story RC framl! B1
LESRONSEl2000) Reference: Normalized Pushover curve 5 story RC framt B2
Anil K. Chopra, Chaptan Chintanapakdee ARI The Bulleting of the Istanbul Technical University - Volume 54 Number 5 l -
Evaluation of modal & FEMA Pushover Praparation and upload by Barmalized Zushgugr cuiye SSIonuBC frgaee B3
Analyses for vertically Regular and e s . o
Irregular generic frames (2004) Dipl.-Ing. Mathias Leipold, Earthquake Damage Analysis Center, Bauhaus-Universitat
Weimar

Kasim Armagan Korkmaz, Fuat Demir, Mustafa Sivri
Earthquake Assessment of R/C Publication type:
Structures with Masonry (2007) Article
Konuralp Girgin, Kutlu Dariimaz Downloads:
Seismic Response of infilled framed saismic_response_..-paper.pdf
buildings using Pushaver Analysis (2007) (no download for legal reasans) - e m Em e s

§ B frame_view_03,jpg ( \
JoAnn Browning, Y. Roger Li Abraham Lynn

Performance Assessment for a
Reinforced concrete frame (2000)

Test setup: Normalized Pushover curve 5 story RC flarme 82

Diptesh Das, C. V. R. Murty !
Brick Masonrr infills in seismic design of | Test setup type: | LUist of experiments
RC frame buildings (2004) multi story RC frame ‘ RC Frame 5 Story L1 I
5. Chandrasekaran, Anubhab Roy Parameter:

Fr; r
Seismic Evaluation of Multi-Storey RC Storey count: 5 PR SNl e e =
Frame Using Modal Pushover RC Frame 5 Story L3

Analysis (2006) Diagram (scan) RC Frame 5 Story 14

Emrah Erduran, Aimet Yakut

Vulnerablllty Assessment of Remforced RC Frame 5 Story Vdesign

Fig. 3 — List of test setups and experiments (website snapshot).
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The test setup folder must also contain a subfolder "pics” (see above), a subfolder "downloads™" and a
subfolder named "diagram". In the folder "pics" the pictures have to be saved, which should appear in the
description text of the test setup. In the folder "downloads" files can be stored which are to be made available
for downloading via the web front-end (for example files from calculation programs). The folder "diagram"
must contain exactly one image file that shows the diagram underlying the test setup.

2.4 Experiment

For each relevant curve in the current diagram, an experiment folder and a file "exp_data.txt" has to be created
in the test setup folder. The information in the file is stored in key-value pairs just as in pub_data.txt. Table 1
summarize the information to be provided and are used:

Table 1 — Input/Parameter of the level 3 “experiment (state Feb. 2020).

Input/Parameter

Options & Units
[currently in the database]

Explanation

Name of the "experiment”

Experiment type

- Analytical pushover
- experimental pushover
- experimental time-history

This type is arbitrary.

Source of the curve

- this publication
- recalculation by [author],

Typically, the curve is taken from the
publication. However, it is also possible to

[reference] insert curves derived from a separate
(re)calculation of the published results.
Filename (original/digitized Name of the file with the values of the
curve) original/digitized curve.
Filename (linearized curve) Name of the file with the values of the
linearized curve.
Line type - continuous As to be shown in the web front-end
- original/digitized curve - dash diagram. This type is not freely selectable.
- linearized curve - dot

Line color
- original/digitized curve
- linearized curve

- black, red, green, blue

- yellow, cyan, magenta

- gray, light-red, light-green
- light-blue and light gray

As to be shown in the web front-end
diagram. This color is not freely selectable.

Concrete and/or steel and/or
masonry strength

- asvalue (e.g. 28)
- as value range (e.g. 28 to 32)
- Dblank line if not available

The units are predefined and values have to
be added/given in MPa. [internal transfor-
mation is not foreseen]

Modulus of elasticity of concrete
and/or steel and/or masonry

- asvalue (e.g. 25000)

- as value range (e.g. 23000 to
25000)

- blank line if not available

The units are predefined and values have to
be added/given in MPa. [internal transfor-
mation is not foreseen]

Moment of inertia

- asvalue (e.g. 370000)

- asvalue range (e.g. 370000 to
390000)

- blank line if not available

The units are predefined and values have to
be added/given in cm*. [internal transfor-
mation is not foreseen]

Provide this value for Test setup type "RC
element".

General description

Analogous to the publication
description.

The image file must be saved in the
subfolder "pics" of the experiment folder.
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Rui Carniero Barros, Ricardo Almeida " -
Pushover Analysis of Asymmetric Three || EXperiment: RC Frame 2 story UBC 1982 - First Mode
Dimensional Building Frames (2005)

Diagram (data):

M. Margues, D. Coutinho, R Monteiro
Pushover Analysis of RC Buildings with RC Frame 2 fory UBC 1982-FirstMbde [ ] RC Frame 2 story UBC 1082 - First Mbde - linearized
Different Nonllynear Models (2008) 1400 N

Suyamburgja Aruiseivan, K. Subramanian, E B Perumal Pillai,
A R Santhakuma

RC Infilled - RC Plane Frame Interactions
for Seismic Resistance (2007)

Salah E1-Din Fahmy Taher, Hamdy Mohy E1-Din Afefy

Role of Masonry infill in Seismic
Resistance of RC Structures (2008)

N)

hea

G. Micheie Caivi, Davide Bolognini, Andrea Penna

Seismic Performance of Masonry-Infilled -
R.C. Frames: Benefits of slight ]
reinforcements (2004)

Farid Bakhti, Sid Ahmed Zermout, Youcef Mehani,
Mizou Inukai, Tatsuya Azu

Seismic Vulnerability of Buildings
designed by Algerian code
RPA99/Version 2003 using the Capacity
Spectrum Method (CSM) (2007)

Gennaro Magliulo, Giuseppe Maddaioni, Edoardo Cosenza
Static and Dynamic Non Linear Analysis
of Plan Irregular Existing R/C Frame
Buildings (2008)

Experiment type: Curve;

A M. Mwafy, A. S Einashai Analytical Pushover X values:
Static pushover versus dynamic collapse ~
analysis of RC buildings (2001) Source
S .C
Rui Pinho, Stelios Antoniou tE pbR=Eon 0.062, 0
A displacement based adaptive DParameter 0.0752, 9.07 v

0.0967, 0.101, 0.103, 0.105

pushover algorithm for assessment of

vertically irregular frames (2005) Conaeiesrength:

Steel strength:
Masonry strength:
Concrete young modulus:

Y values:
3.01, 96.1, 13s, 189, 273, 300, 369, 447,

570, 606, 642, 7 28, 7
s 873,

A V. Pinto, J. Moling, H. Varum

Pseudo-dynamic tests on a full-scale
model of existing R.C, frames (bare
frame and selective repair frame) (1999) Steel young modulus:
Masonry young modulus:

Area moment of inertia:

Mathias Leipold, Jochen Schwarz, Lars Abrahamczyk
Verletzbarkeit von
Stahlbetonrahmentragwerken am

Linearized curve:

Fig. 4 — Example view of level 3 “experiment” (website snapshot).

The experiment folder must also contain a subfolder "pics" (see above) and a subfolder "downloads". In
the folder "pics" the pictures have to be saved, which should appear in the description text of the experiment.
In the folder "downloads" files can be stored which are to be made available for downloading via the Web
frontend (for example files from calculation programs). The experiment folder must also provide the data files
of the curve (and if available, the linearized curve).

3. Data Assessment
3.1 Classification of Studies/Publication

Researchers pursue particular objectives in their studies. An overall overview of all the papers submitted and
uploaded so far to the database could divide them into three groups as following:

Group 1: Evaluation of current or classical methods, approaches or assumptions with focus on pushover
analysis.

The goal or objective is to find out which of the current methods leads to the most accurate force-
displacement curve. This is usually done thorough a comparative study. For example, different patterns of
incremental lateral load are assumed and the pushover curve is then compared with the result of time history
dynamic analysis. In this case, it is common to assume an incremental PGA of the ground motion to develop
a force-displacement curve for time history dynamic analysis as well. The pushover curve is then compared
with the dynamic analysis curve; smaller deviation from the dynamic analysis curve shows a higher
accuracy of the pushover analysis which has resulted by the initial assumptions. (sample article [1, 2])
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Group 2:  Assessment of behavior or response of structures under horizontal (e.g. seismic) loads

The goal or objective of the study is to understand the performance (mostly inelastic response) of the
structural system under seismic load thorough pushover analysis. For instance, to investigate whether or
not the code criteria can assure the expected inelastic behavior of the frame, designed to the code, the
ultimate capacity of the frame, known as complete collapse point, can be estimated by pushover analysis.

Assessment of the behavior of an existing building which has experienced an earthquake can also fall in
this group. In such a case, the goal is to evaluate, for example to what extent the building can resist future
earthquakes. This is usually done by modeling the damaged building and running pushover analysis for it.
(sample article [3]).

The other case of study in this group is to examine different assumptions in modeling structures; for
example, assumptions in modeling shear walls, infill masonry walls, etc. The pushover curve obtained
through different assumptions are then compared with the dynamic analysis curve of the model and smaller
difference between two curves shows more accurate assumption in modeling. (sample article [4])

Group 3:  Developing new methods or improving the current methods of seismic analysis

The goal of the study is to understand inefficiency or inaccuracy of the current methods or assumptions in
“seismic analysis” and to propose a solution for it. “Seismic analysis” here refers to the methods used for
assessment of structural response or performance under seismic load. This could be the classical pushover
analysis itself. For example, how to implement higher modes of vibration in pushover analysis; or how to
consider change in natural period of structure (caused by formation of plastic hinges) in the analysis.
(sample article [5, 6])

The difference between the study in this group and the first group is the distance which the researcher
usually takes from the classical or current method. Here, the researchers open up a problem statement and
they tend to put forward a solution which is usually based on changing the principle assumptions in the
analysis. They may re-structure the procedure in order to eliminate the error. For example, assumption of
adaptive stiffness matrix or adaptive load vector in pushover analysis of irregular frames.

It is noteworthy to highlight that the point of the above classification is to show the application of pushover
analysis. The goal of the database is not to classify the submitted papers or studies, rather to bring together the
experimental data and results and make a library of them for the researchers. For this purpose, the properties
of the structural frames and the basic assumptions made in the experiment are also provided on the website.

Group 2 is the largest class (with 47%) so far followed by group 3 (29%) and group 1 (24%) which may
show the most common application of pushover analysis in earthquake engineering.

Table 2 — Categorize of experiments on the website (state Feb. 2020)

No. Category Share to database [%0]
1 RC elements 7
2 RC frame 31
3 Bay RC frame 49
4 Steel frame
5 RC "laboratory" structure
6 Steel "laboratory" structure <1
7 RC "real" structure 3
8 Experimental time history™ <1

L ... so far not further classified, but indicating the type of data.
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a) Frames, grouped by story b) 2 to 3-story frames, grouped ¢) 4 to 6-story frames, grouped
count by bay count by bay count

Fig. 5 — Available configuration for “Multi story/bay RC frames”.

3.2 Categorization of Data Sets/Experiments

Over decades of study and research in the field of earthquake engineering, simplified approaches like the
classical pushover analysis has been improved and corrected constantly; consideration of modal lateral load,
reduction in stiffness of the structure due to formation of plastic hinges, etc. are some examples for the
improved pushover analysis, which is used today. This continuous process can be observed and followed by
code development, as well.

Pushover analysis results of variety of structures, collected and held on a database which is accessible
to the researchers, could indeed play an essential role for future improvements. Therefore, pushover analysis
is the largest group of experiment, which is currently available on EXCHAIN database.

The researchers in the field of earthquake engineering at the universities all around the world publish
numerous papers and articles every year. Pushover analysis has been at the center of their study for the past
few decades. Either they choose pushover analysis as the subject of their study and try to improve it; or they
use pushover analysis in their study as a tool to measure or evaluate structural performance.

Every paper submitted to the database is carefully read and reviewed; through which the structures or
buildings used in Pushover analysis, the parameters and assumptions in the analysis and the force-displacement
curve obtained by Pushover analysis, are extracted and represented on the website.

In the following section, the papers submitted to the database are classified into three groups and the
application of Pushover analysis in them will be described.

The test setup configuration together with the assumptions and parameters used in the experiment are
extracted from the article and they are stored in text files. This means each article has several tags in “txt”
format. A code has been written in MATLAB to read the “txt” files and to tabulate them. This could make it
possible to compare the experimental data of all articles on the database together. The code will be further
developed to be implemented or published on the website that researchers can approach the datasets easier.

There are 8 categories of experiments available on the website (Table 2 and Fig. 2). Categorization is
based on the type of “test setup” used in the experiment. “Multi story/bay RC frames” is currently the largest
category and “RC elements” comes after that.

The largest category, “Multi story/bay RC frames”, contains RC-frames with variety of configurations.
40% of the total frames in this category, have 4 to 6 stories; among them 58% are 3-Bay frames. This means
“4-story/3-bay” to “6-story/3-bay” frames are the most common test setups on the database. The available
configurations have been illustrated in Fig. 5.

Story-height of the frame ranges between 2.4 to 4.2 m and bays vary in span from 2.0 to 9.1 m. The
periods of vibration of the frames in the first mode are between 0.2 sto 3.5s.
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Fig. 6 — Range and mean value of: a) periods b) ductility and strength ratio.

One of the important outcomes of the Pushover analysis among researchers is the ratio of base shears at
yield and collapse, Eq. (1) as well as the ratio of ultimate and yield displacement [8].

collapse base shear
4ps =

M)

yield base shear

ultimate displacement

. = 2
pispl. yield diesplacement “

Mean value of gss for a frame with particular number of stories (a test setup) is estimated by calculating
g for all experiments on the frame and taking the average of them. Mean values of the period of the first mode,
column and beam sections aspect ratio are estimated in the same manner. Fig. 6 and 7 show the range and
mean value of these parameters respectively.
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Fig. 7 — Range and mean value of: a) columns; b) beams aspect ratio.

RC-frames with 4, 6, 9 and 12 stories were selected and their pushover curves plotted together in Fig.
8. The vertical axis of the graphs shows the base shear coefficient of the frame, which is calculated with Eq.
(3). The horizontal axis shows the roof displacement divided by the total height of the frame.

base shear

base shear coef ficient = m )
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Fig. 8 — Pushover curves of selected groups of frames.

In calculation of the base shear coefficient, only experiments have been used which had all the required
information such as the frame configuration, total weight, etc.

Plotting pushover curves of a number of frames together has been previously done by researchers as an
attempt to develop simplified functions which are able to describe the behavior and expected damage for a
certain group of buildings [7]. The procedure to determine bilinear curve of the pushover curves is in
accordance with [7]. The readers are invited to refer to the article for further detail.

4. Conclusion

The database EXCHAIN as a platform for sharing knowledge obtained through experiment, was introduced.
Three groups of studies and researches (where the available experiments on the website come from) were
discussed to show the wide application of pushover analysis. The configuration of test setups on the database
were presented by some statistics and the mean value of period, g factor, beam and column sections were
discussed.

In the end, the authors would like to open an invitation to all researchers to share their experiments and
results with EXCHAIN to help the platform to grow up further.
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