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ABSTRACT

DESIGN OF A WEB BASED INTERFACE AND DATABASE STRUCTURE
FOR STRUCTURAL ENGINEERING EXPERIMENTAL DATA

Kurt, Tolga
M.S., Department of Civil Engineering
Supervisor : Assoc. Prof. Dr. Ozgiir Kurg

September 2014, [80] pages

This study is conducted in order to design and implement a web-based database
application which stores structural and earthquake engineering experimental
data and related documents in a main server in a standardized manner and
makes it possible for researchers and engineers to add and share experimental
data easily. The system is developed in accordance with the standards defined in
the scope of the SERIES project which is a project operated by a consortium con-
sisting of related university laboratories and institutions of European countries.
The implementation was first tested in Structural and Earthquake Engineering
Laboratory of Civil Engineering Department, METU and then has become a
part of the SERIES network. The application has two main components one
of which is used to store information about projects, specimens, experiments,
related files, sensor and loading devices at the server side. The other component
of the application is a website allowing users to attain a functional user interface

which makes it easy to use the application, and it is accessible from everywhere



with internet connection. After the database was created using MySQL database
management system, it was attached to the website which was developed using
HTML, CSS, JavaScript and PHP programming languages. The system pro-
vides functionalities to create, modify, search, and delete projects, specimens
and experiments, to upload/download related files, to plot signals and other re-
lated features. The application is thoroughly tested with the experiment data
obtained from previous projects conducted in METU and is accessible via a

public URL in production mode.

Keywords: Structural and Earthquake Engineering Experimental Database, Database
Design, Internet Application for Structural Engineering, Online Experiment

Data
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oY/

YAPI MUHENDISLIGI DENEY VERILERI ICIN BIR WEB ARAYUZU VE
VERITABANI YAPISI TASARIMI

Kurt, Tolga
Yiiksek Lisans, Ingsaat Mithendisligi Boliimii

Tez Yoneticisi : Doc. Dr. Ozgiir Kurg

Eyliil 2014 , [80] sayfa

Bu ¢aligma, yap1 ve deprem miihendisligi deneylerine ait verilerin ve iligkili belge-
lerin standart bir yapida depolanmasi ve arastirmacilar ile miihendislerin deney
verilerini kolaylikla ulagip kullanabilmesi icin tasarlanmig ve uygulamaya ko-
nulmug, web tabanl bir veritabani yazilimi hakkindadir. Caligma kapsaminda
geligtirilmig olan sistem, Avrupa’daki ilgili iiniversite laboratuarlar1 ve enstitii-
lerden olusan bir konsorsiyum tarafindan yiiriitiillen SERIES projesinde tanim-
lanmig standartlarla uyumludur. Gelistirilen uygulama, ilk olarak ODTU Insaat
Miihendisligi Boliimiine bagh Yapi ve Deprem Miihendisligi Laboratuvari’nda
denenmis olup, akabinde SERIES dagitik veritabaninin bir parcasi olarak kul-
lanilmaya baglanmigtir. Sistemi olugturan iki temel kisimdan birincisi projeleri,
deneyleri, numuneleri, yiikleme ve 6lgiim cihazlarini ve iligkili dosyalar1 sunucu
tarafinda depolayan veritabani uygulamasidir. Ikinci kisim ise, bu veritabanimnim

tiim internet iizerinden erisilebilir olmasini saglayan ve kullanicilar i¢in kolay bir

vii



veritabam arayiizii olarak iglev goren internet sitesidir. Veritabani bilegeni My-
SQL veritabani yonetim sistemi ile programlanmig ve sonrasinda HTML, CSS,
JavaScript ve PHP programlama dilleri ile olugturulmusg olan internet sitesine
entegre edilmistir. Sistem genel olarak, kullanicilarin projeler, deneyler, numu-
neler ve diger iligkili varliklar: yaratmasini, diizenlemesini, silmesini ve bunlar
icinde arama yapmasini, bu varliklara iligkili dosyalar: sisteme yiikleyebilmesini
ve daha once yiiklenmis olan dosyalar: indirebilmesini, deney datalarim grafik
olarak cizdirebilmesini saglamaktadir. Uygulama, ODTU’de daha once yiiriitii-
len proje verileriyle denenmis olup, genel bir URL ile iiretim ortaminda erigile-

bilir haldedir.

Anahtar Kelimeler: Yap: ve Deprem Miihendisligi i¢cin Deney Veritabani, Veri-
taban1 Tasarimi, Yapr Miihendisligi icin Internet Uygulamasi, Cevrimici Deney

Datasi
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CHAPTER 1

INTRODUCTION

1.1 Problem Definition

Information sharing is a significant accelerator in the development of approaches
and methodologies of engineering as a result of improvements in computer sci-
ence and Internet technologies. Since the formulations and assumptions that
are related to the field of structural and earthquake engineering are generally
dependent on the experimental results, test data is the main basis of the devel-
opments in these fields. Therefore, conducting experiments and sharing experi-
mental data among researches are very crucial in the development of structural

and earthquake engineering knowledge in general.

Conducting experiments within the fields of structural and earthquake engi-
neering are generally very time consuming processes and installing experimental
setups requires high expenditures. This situation limits the variety and the
amount of experiments. Thus, every experiment is of utmost importance and
sharing the results of these experiments is a significant part of the process. Un-
fortunately, due to the lack of a common platform which allows researchers to
share and access information, some of the test data get lost in time. In addition
to that, since the experimental data are stored on unstandardized mediums,

they become incomprehensible after a period of time.

Considering these problems mentioned above, in order to benefit from the ex-
periments with maximum output while saving time and cost, structural and

earthquake engineers should avoid repeating experiments unnecessarily. With



the help of a standardized storage medium and a common sharing platform,
test data can be accessible by researchers worldwide and researchers can easily
access to information needed. Moreover, data stored in this way do not become

incomprehensible in time.

It is quite possible and easy to develop storage and sharing platforms as such
owing to the current status of database systems and internet technologies. In
this study, a web based database management system developed for this purpose
is explained in detail. The system design has been developed and put into
work within the Structural and Earthquake Laboratory of the Civil Engineering
Department of METU. By means of this system, experimental data can be stored
in a standardized, consistent and reliable way, as well as it can easily be managed
and served owing to the web interface. Following the development procedure, the
system was tested by entering the test data of the previous researches conducted
within the laboratory, the bugs were fixed and the system has been made ready

to put in production environment.

1.2 Review of Previous Work

Over the course of many years, database systems belonging to the different
branches of civil engineering have been used in order to store experimental data.
However, the majority of the databases were not accessible through the Internet
or accessible only with the help of some front-end applications that cannot be
used without a special operating system (OS). Thus, it was not possible to access
most of the data and it was not possible for everyone to access the available data.
Recently, due to the rapid development in web technologies, database systems
are now connected to each other via World Wide Web without no additional
software besides an internet browser (which is at least almost always bundled
with the OS), in order to provide accessibility for more people. Hereby, people
are now free of the constraints of operating systems as well as the hassle of
installation and setup of specific client side applications and can have access to

stored data using any device with an Internet connection.



In this section, some web based experimental database systems are presented.
Most of these databases have been developed to store experimental data about
the earthquake performances of various structures. Expanding data pool has
been examined statistically and made use of to fix the formulas used in order
to solve seismic problems. Other presented web-based database studies are on
finding out the best way to manage storm water and storing field experiment
data and the locations of them in a database. These geographical databases
provide efficiency of time and cost reduction for future projects. In addition,
there exist real time database management systems, for checking the sensor
readings and the situation of the structure, which are accessible from remote

computers with Internet connection.

NEEScentral, one of the most extensive web-based test data databases, was
a national web-based study performed by NEES Consortium, Inc. in order to
contribute to the accumulation of knowledge about theoretical and experimental
earthquake engineering. With the support of the National Science Foundation,
NEEScentral has been developed for communication between NEES members
and the database. By the use of the portal, the contributors can be informed of
recent researches, new simulation models and industry practices. The extensive
database of the NEEScentral enables re-conducting a number of experiments and
is fully controlled by users. Moreover, there are a great number of experiment
data and a number of users managing the database in NEEScentral. In order to
sustain the order, it keeps the files that are related to tests and projects directly

to the file system in which other data is all stored in the DBMS. [I5]

Another web-based database is the PEERspd, the goal of which is to support
studies on the models of seismic performance for reinforced concrete columns.
This database has been built upon the database that the National Institute of
Standards and Technology had been using previously and further developed in
the University of Washington. There were 107 rectangular and 92 spiral rein-
forced concrete column tests stored in the previous database. As soon as the
PEERspd was introduced, these numbers increased to 274 for rectangular and
160 for spiral reinforced columns. In addition, in order to obtain an interac-

tive interface, a web-based user interface was started to be used. The initial



NIST database contained digital top force-displacement history, key material
properties, and the definition of test geometry. However, today it can involve
load-displacement configuration, maximum damage deflection occurred before
various damage levels, axial load information, column reinforcement details, key
images and drawings (if there is), comments (e.g. extraordinary features), ref-

erences and links to access more information. [17]

Another project is NGA. This study has been conducted under the scope of
the PEER Strong Motion Database, a corporate project of the South Califor-
nia Farthquake Center and Pacific Earthquake Engineering Research Center-
Lifelines Program. This project contains 173 earthquakes, 1400 seismic observa-
tion center and 3500 recordings with various components. All of the information

is accessible through the web-based graphical user interface. [16]

In Japan, where seismic activity risk is very high, a number of experiments have
been conducted on the structural steel components to identify the seismic per-
formances of steel structures during a number of pseudo-dynamic and cyclic load
tests. Numerical Database for Steel Structures was created in Japan, with the
purpose of storing and publishing the details and results of experiments. NDSS
is a shared and a distributed database system and it is possible to store and pro-
cess seismic experiments (pseudo-dynamic and cyclic load tests) and ultimate
strength tests with the help of it. The outputs can be in formats of alpha-
numerical data, video or image. Access to the primary metadata server and the
databases running in distinct servers is possible via the Internet. The system
has several tasks such as conducting quantitative analysis on main framework
and transferring the results to other nodes on the network. The distributed
database server utilized in this study proved to have many benefits compared
to a concentrated server. For instance, no performance bottlenecks occurred on
any nodes of the distributed system or in the network, every user has full control
over their own study while determining their own the extent of the data they
will receive as well as whether there is a need for any data change, and by the

use of their own servers, privileged users can modify the database. [10]

Another online database focusing on geotechnical info sharing is the Visual Data



Center of the COSMOS center. COSMOS VDC is known to be a seismic activity
research engine that is extensive, unrestricted, online and interactive and was de-
veloped for engineers, seismologists and others working on the earthquake field.
Strong motion earthquake data from a wide variety of resources in increasing
numbers can be accessed easily via the system. The data can be downloaded as
unformatted files storing unprocessed acceleration records, modified acceleration
records, displacement, velocity, and spectra of response. The table of metadata
variables such as S-wave speed for peak acceleration and stations reporting a
specific earthquake can also be downloaded. VDC has more than one interface
which allows users to choose data with respect to earthquake observatory. The
response signals in the files can be monitored before download. VDC is restricted
by earthquakes with the intensity of 5.0 in the areas with high earthquake pos-
sibility and 4.5 and larger in the areas with lower seismic activities. There are
hundreds of earthquakes, thousands of stations and researchable metadata of
acceleration records in the database and their numbers have been increasing

constantly. [4] 3]

Federal University of Pernambuco performs researches in geotechnical labora-
tories and field. They created a geotechnical database using information tech-
nology tools and field test outputs from two distinct research areas. The es-
sential goals of the database can be listed as providing a more effective and
faster method for analyzing statistically the geotechnical parameters that are
obtained from advanced researches and in situ tests, providing details about
the equipment used and field experiments conducted by UFPE, helping the use
of other field experiments in Brazil to spread, making the empirical evalua-
tion/calibration in the literature easier and more effective to use working with
soft clay in Receife, becoming a pedagogical tool to support undergraduate and
graduate lectures in geotechnical engineering. The database is accessible via a

certain application or WWW.[5]

There are RAM-based storages along with traditional databases. The National
Institute of Standards and Technology is researching new health monitoring
techniques for buildings in order to develop sensor technologies that will provide

energy conservation and comfort for residents, increase the number of accessible



data in building control and health monitoring systems, providing new tools
to detect and identify the problems in the buildings, and provide security for
the building residents by promoting the interoperability of data from various
sources. Omne of the existing focus areas is the wireless sensor networks. By
using wireless technology, data transfer throughout the building is possible with
placing sensors. Building Environment Division of NIST developed a remotely
controlled sensor grid system in order to gather data from the sensors that were
placed in the building, store them in the database and then make it possible to

monitor the building over the web. [14]

1.3 Purpose and Scope

The main purpose of this study is to develop a platform to store and share
experimental data within the body of the METU Structural and Earthquake
Laboratory. The main constraint of this study is to develop a system in accor-
dance with the restrictions that were identified within the SERIES project, a
distributed database structure, which was carried out to bring the data, acquired
in related laboratories, the majority of which are located in Europe centered
universities, in common use. [2I] Within this constraint, the primary purpose
of the platform is to store and present the experimental data acquired within
the laboratory along with every kind of information, image, video and docu-
mentation related to the experiments. Moreover, it is necessary to prevent the
experiment results to become incomprehensible in time, by exhibiting them with
the information of the projects to which they belong, every type of materials,
structural components and specimen, sensor and loading devices used within
these projects. In addition to these, it is also aimed to develop a web based in-
terface possessing the necessary features that allow both the administrators and
the end users to easily use and access to the system. Finally, it is necessary to
develop the means providing data transfer from the database developed within
the scope of this project to the common interface developed within the scope of

the SERIES project.

The platform that has been developed within the scope of the project basically



consists of a database and a web-based interface. The database has been imple-
mented using MySQL Database Management System. The interface developed
for access to this database and to manage the content has been programmed
using HTML, CSS, JavaScript and PHP languages and means developed using
them. The system is running on a server with the Debian operating system,

which is run within the body of the laboratory.

1.4 Overview of the Study

In the second chapter, preliminary information is given to ensure the comprehen-
sibility of the study. Within this context, first the detailed information about
the databases and the database management systems are covered. What an
Entity-Relationship diagram and how such a diagram works are explained at
this point. In addition, the general structure of a web application, the layers of
a web application and how these layers should be designed in order for them to

be flexible and expandable is discussed.

The focus of the third chapter is the database which was specially designed for
the study. All of the entities constituting the database and how the relations
between these entities are established is explained giving the reasons and detailed

information about the tables created as a result is provided.

In the fourth chapter, the web application which has been developed in order to
access to the database and manage its content is explained and the features that
can be practiced using the web application are touched upon. Additionally, the
design philosophy and development specifics are explained in order to provide a

legacy documentation for possible further developments.

The fifth chapter focuses on the achievements gained through the study. More-
over, the constraints and the limitations of the study and possible solutions are

discussed. Finally, suggestions for further development are given.






CHAPTER 2

ESSENTIAL INFORMATION

2.1 Introduction

In this chapter some detailed information that is necessary to understand the
graphical user interface and the database, which has been developed within
the scope of the study is given. First of all, the concept of database, types of
databases and database management systems are explained in detail. Then the
Entity-Relationship diagrams that are used to state the structure of a web base
is touched upon. Finally, the typical structure of a web application developed
in order to create a graphical interface and the relation it establishes with the

database is explained.

2.2 Databases

2.2.1 Overview

Databases and database technologies have a very significant role in almost every
field where computers are widely used such as business, e-commerce, engineering,
medicine, law and education. A database can simply be defined as collecting
the data that are meaningful and recordable. However, the general definition of
a database faces some restrictions since it cannot represent every aspect of the
real world. In addition, a database should be designed, constructed and filled

for a special purpose and those who are actively interested in the content. [22]
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2.2.2 Database Management Systems

A database management system is the collection of the software applications
which allows users to construct and sustain a database. The initial purpose of
the DBMS is to enable users to save and access efficient and suitable database.
By using DBMS, users can store data in the database according to their types,
structure and contents and he database is accessible by more than one user or
program at the same time. Also the data is protected against hardware /software
errors and unauthorized or ill-intentioned access and the data is kept secured

and maintained through a life cycle. [22] 8]

PostgreSQL and MySQL are widely used DBMS solutions and free; while typical
commercial DBMSs can be listed as Oracle, Sybase Adaptive Server Enterprise,
Microsoft SQL Server. These DBMSs can connect to some desktop and web

applications via internet or intranet.

Database systems differ from typical file storage systems in terms of many ad-
ditional features. The typical file storage system is supported by traditional
operating systems. The content is stored in permanent records in various files
and required other applications to extract or add records. Prior to DBMS,
organizations used to store data in such systems. However, there are some diffi-
culties to store information in an organized manner in such systems in terms of
satisfying redundancy, consistency, integrity, security and management of data.
Moreover, there occur some severe problems when isolating or accessing data di-
rectly or simultaneously. Such difficulties triggered the development of modern

database management systems. [I8]

A basic feature of a database defined within a DBMS is that the system includes
both the database and outright definition of the structure and limitations of the
database. The definition is kept in the DBMS catalog where file structures, type
and format of data items, and numerous limitations on data are stored. The
metadata catalog stores the information which identifies the organization of the
preceding database. The other characteristics of DBMS can be listed as storage,

retrieving and updating data, controlling data entrance, allowing simultaneous

10



access by multiple clients, enabling recovery and maintenance. The workflow

and the components of a DBMS can be seen in Figure 2.1. |22} 23]

DBMS
Query Metadata
User
Resultset Content

Figure 2.1: Workflow and components of a typical DBMS.

In order to grasp the structure of the database, the basic concepts like entity,
property and relationship should be known. An entity is defined as an “object”
or a “thing” that can be distinguished from other objects and it is shown in a
database. For example, a document, a project, web site members and groups of
them are entities. Entities are identified in a database by a bundle of properties
which are the attributes that the entity possesses. For example, a project entity
possesses a project name property while the name of a file is a property of a
document entity and user name and password are properties of member entities.
A relationship, on the other hand, is the corporation between two or more enti-
ties. Entities are connected to one another by their properties. [8] For instance,
the relationship between a document and a project can be established over the

“related project ID” property of the document.

During the creation of a database, the concepts get real-world implications and
the tables represent the entities in the database and the columns of the tables are
formed by the properties. The data or information is inserted as rows in these
tables. Every individual row is a combination of the properties that defines
the related entity. When it comes to identifying entities, usually, one or two
properties are enough to identify an entity uniquely. So that, it is a common

(or compulsory in some DBMSs) practice to give an extra property which is

11



called the primary key (PK) of the related entity. The relationships between
entities are conducted over primary keys. Foreign key is the attribute that
indicates the primary key belonging to another table. Primary and secondary
keys provide data consistency of the database. For example, a common feature
of many DBMSs is to avoid the deletion of an entity whose PK is defined as
FK of another entity, since after the deletion of such an entity makes the other

entity undefined in some way.

Shortly, a Database Management System (DBMS) can be considered as a medi-
ator between physical storage, computer, operating system and the user. DBMS
provides a customized software language named database language in order to
accomplish a variety of tasks. Data Description Language and Data Manage-
ment Language are major database languages. Data Description Language basi-
cally executes these functions: creation of tables, file databases and data dictio-
naries, customization of storage design on each table in the disk, assignation of
the integrity limitations in a numerous number of tables, adjustment of security
and authorization info of every individual table, specification of the structure of
every table and sustaining the whole structure of the database. Data Manage-
ment Language, on the other hand, provides users such authorizations as saving,

adding, and managing, removing, accessing and updating data. [11]

DBMSs can be divided into three groups with respect to their data storage
and management model, the number of computers among which the data is

distributed and the data storage platform.

In terms of their management and storage system, it is possible to categorize
DBMSs in four classes. First one of them is the Hierarchical Model is the type
that keeps relations in a binary structure. Thus, the objects are created by
one-to-many method. Then comes the Network Model which can be considered
as the extended version of the previous model. If the one-to-many relation is
violated by using many-to-many, this model is named Network Model. Third
and the dominant model is the Relational Model in which the “Tables” stores
data and relationships are established between tables via entries of these tables.

Lastly there is the Object Oriented Data Model which is expected to be the
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future version of management systems. In these systems, data is stored by

individual data entries, and using encapsulated data and operations. [8, 11, 19]

In terms of the number of the computers over which the database is run, DBMSs
divide into two groups. First group contains the centralized DBMSs which
operate on a single computer. The only way for all of the data storage and
database management to be carried out is to make use of a computer. Second
one is the set of distributed DBMSs which run on different computers that are
linked to each other over a network. Every individual computer has its own
database and management system; however, one can have access to the whole
database using only one computer because every computer works together in a

common network. |18 [19]

According to the data storage platform, DBMSs can be categorized into two.
Former group is the traditional disk based databases are the most common types
of databases which prevails consistency and reliability over performance. Latter
one is the RAM based databases which are relatively a new technology which is
said to be real-time due its enormously fast data access and manipulation time.

20]

Modern databases need wide storage areas. Therefore, ferromagnetic disks are
very suitable for storing data since they do not cost much. Most of the databases
today are on disks and they satisfy the user needs with an easy to use manage-
ment system and an interface; however, the mechanical structure of the disk
limits its speed to a certain extent. Although the disk based databases have
enough speed for most of the applications consisting human users, they are not
enough for the applications that are controlled real-time. Access time of a disk
based database can be developed by usage of RAMs and a flash storage. How-
ever, this method still do not provide sufficient amounts of speed especially for

the databases with intensive data operations. [2]

A RAM-based storage has higher speeds than of a disk-based storage for the
individual read and write operations. However, RAM based storage is con-
siderably more expensive than a disk based storage. Thus, RAM applications

should be used only when the data to be stored is in limited amounts. These
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special databases require all data to be stored in RAM if high performance is
needed. Real-time data management systems are developed in order to achieve

this purpose. |2, [7]

Real-time database systems should come up with convenient results for many
simple queries (commonly via a primary or secondary key) and be able to ad-
minister simple data by incessant updates. Moreover, they are expected to be
available almost always; its downtime should not pass thirty seconds in a year
and have really short response duration which should be around a few millisec-

onds. 7]

After investigating all of these possibilities, the study was decided to be per-
formed on a disk-based centralized relational database management system at
the beginning. Since it is the type that is used widely and easy to construct
this model is chosen. Since the database will only be used in METU firstly, it
is not necessary to have a distributed database. In addition, today there are
no real-time readings obtained from sensor networks to necessitate a real time
database implementation. Thus, data is stored in ferromagnetic disks instead
of RAM. DBMS may be extended according to needs and become the database

that is distributed real-time, in the future.

2.2.3 Entity-Relationship Diagrams

Entity-Relation Diagrams (ERD) are schematic notations of the entities, prop-
erties and relationships between them. ERD is used for data modelling and can
be regarded as a blueprint of the database. ERD represents all of the entities,

their properties and the relations between them.

Today, many ERD notations exist such as IDEF1X, Chen’s notation, Bachman
notation, Crow’s Foot notation, minimum-maximum and UML notations. [12]
How they construct the entities, modality and the cardinality of a relation de-
termine what differentiate these notations. Cardinality means the maximum
numbers of times a property in an entity refers to that of another entity. Modal-

ity, on the other hand, means the minimum number of that. Cardinality, the

14



symbol of which is put on the outer ends of the relationship line, and it can have
the values 1 or many. Modality, on the other hand, can be 1 or 0 and the symbol
is put inside, besides the cardinality symbol. In order to draw the ERD of the
database, Crow’s Foot model is used in this thesis. A sample entity is shown in
Figure 2.2. In addition, modality and cardinality of 1 is plotted as a straight
line while a circle represents 0, and many is plotted as a foot with three toes
in Crow’s Foot notation. Both ends of the relationship line represents modality
and cardinality. A sample connection between two entities is depicted in Figure

2.3. and all modes of modalities and cardinalities are shown in Figure 2.4.

Entity

Key | Field | Type
Key | Field | Type
Key | Field | Type

Figure 2.2: A sample entity in ERD standards.

Entity 1 HO——0OF Entity 2

Key | Field | Type Key | Field | Type
Key | Field | Type Key | Field | Type
Key | Field | Type Key | Field | Type

Figure 2.3: A sample connection between two entities in an ERD.

Along with the cardinality and modality relationships of entities, there are two
relationship types indicated in the ER diagrams. The relationship which is
indicated as a beeline in ERD is named Identifying Relationship while the non-
Identifying Relationship is shown as a dotted line in ERD. Identifying rela-
tionships refer to child tables which are not possible to identify without the

parents and is usually observed in many to many relationships. Creating a new
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-|—O—|Vlodality: One - Cardinality: Zero—
HH————Modality; One - Cardinality; One—

>O—|Vlodality: Many - Cardinality: Zero-

>|7Modality: Many - Cardinality: One—

Figure 2.4: All modes of modalities and cardinalities in ERD.

intersection table which contains the primary key properties of the entities in
many-to-many relationship helps reduce the data repetition. The existence of
the data which is entered into the intersection table depends on being identified
in the parent table. This is the reason why man-to-many relationships are iden-
tifying relationships. If the data that exist both in the parent and child tables
can be identified although they do not exist in the other table, this relationship
is called non-identifying relationship. [12]

The entities are shown as three-columned boxes in the ER diagrams that are
presented in this study, and their names are typed on the top of the boxes.
They are used to indicate the many-to-many relationship between the entities
and they prevent redundant data recurrence. The entities are shown as tables in
the database. The columns of the table indicate the properties of a connection
table or an entity. In the ERDs, the list of the properties of primary key and
foreign is present inside the boxes that are located under each table name. A
property possesses some features that indicate whether the value of the property
is decided by the user or the database, whether the property is a foreign key
or a primary key, whether the value of the property should be filled or not. In
addition, ERDs feature the value types of all properties.

The PK abbreviation located in front of the property name indicates that that
property is a primary key for the entity. One property is, in fact, enough for
determining a tuple for entities; however, two properties for two connection
tables form the primary key and four properties are needed in order to create

a primary key for one connection table. Foreign key properties are marked by
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using a red diamond symbol and provide information consistency of the data in
the database. The connections between the entities are provided by a primary
key on another table and the related foreign key of the table. The relationships

between the tables are indicated by Crow’s Foot notation.

The value type of a property is defined on the right side of the property name.
Nine value types are used in the present database system, which are CHAR(n),
LONGTEXT, VARCHAR(n), DOUBLE, INT(n), TINYINT(1), LONGBLOB,
DATETIME, and TIMESTAMP. Char, longtext and varchar are text-based
properties and the characters inside the parenthesis are the character number
limit. Double and int indicates that the property is quantitative and whether
the number contains a decimal part or not. In order to indicate whether the
property is a Boolean value, Tinyint (1) is used. 1 or 0 is stored in the database
depending on the truth value of the value. Timestamp and datetime are used in
order to store time in the database. Finally, to identify the binary data in the
database longblob is used. On the right side of some properties there written
UN, NN and Al. UN, which is used for integer value types, means unsigned.
The capacity of a UN can be doubled; however, entering a negative value for
this property is impossible. NN means not null and that means when the data
is entered into the database, the value field cannot be left unfilled. Al property
is “auto increment” which indicates that the symbol value is increased automat-
ically every time a data is entered. This field cannot be filled manually. Auto
increment properties perfectly fit to be a primary key since a new unique value

is automatically entered for auto increment fields whenever a data is entered.

2.3 Internet and Web Applications

2.3.1 Overview

A web site is a collection of the text based files named as web pages that are
linked to each other and the content of them can be displayed via HTML view-
ing software. Internet resources are created by Hypertext Markup Language

(HTML) that is used to generate documents, link to other resources which
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can include images, audio objects or videos. In addition, it can include soft-
ware scripts named “‘commands” written using various software languages like
JavaScript. All these various types of information are provided by the standard
HTML elements composed of “tags,” specific keywords used to mark the content
in the web-page. All of the public web pages constitute the World Wide Web,
which is also known as WWW, W3, or generally, Web.

2.3.2 Structure of a Web Application

To access a resource on the internet, users make requests via their browsers
formatted as URLs. These URLs include the hostname of the server, the name
of the resource and the dynamic content modifier variables. Upon transmitting
this request to the relevant web server software, the content that user requested
is prepared and sent back. Hypertext Transfer Protocol (HTTP) provides access
to and transfer of HIML pages. HTTP offers a standard format to determine
the requests of resources on the web and how servers and browsers react to

various commands. [13]

When the first WWW was created in 1990s, the Web was basically consisting
of single servers hosting simple and static HTML pages. However, it is now a
platform with various domains and helps both deliver information and run appli-
cations. The HTML format which defines the display of the web page basically
stands for the application’s surface. Users are in interaction with the HTML
markup while the application is operating on a distant web server. Depending
on the circumstances, there might be more than one remote server on which the

application runs. [9]

2.3.3 Layered Design

Data layer, application layer and presentation layer are development layers of a
web application. The developer should decide at the data layer where and how
to store the data of the application that is being developed, the data format and

database management systems as well as the construction of these systems and
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if external data sources will be used. At the application layer, on the other hand,
protocols, markup and programming languages and application architecture that
will be used should be determined. The navigation format between the web
pages of the application is also described at this layer. If third person resources
or remote service are needed, their integration is processed at this layer. Finally,
the developer should focus on the application’s user like HTML templates and
layout of the application at the presentation level. The decisions should be
made user-oriented, with special concern to the appeal, utility and accessibility,
to ensure the satisfaction of users. [25] Generalized schematic view of layered

web application design is exhibited in Figure 2.5.

r y

Layout
Usability Presentation layer

Accessibility
N ﬁ—p‘

( —_—
Navigation

Authentication Querying Application layer

Data validation
e

——
DBMS Data Format

Data layer
Data Structure

Figure 2.5: Schematic view of layered web application design.
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CHAPTER 3

THE DATABASE

3.1 Introduction

This chapter explains the process of design and implementation of the database.
All main tables and their properties are discussed in detail as well as their

relationships.

3.2 Overall Database Structure

It is possible to say that the database consists of three parts in general. These

parts with regards to each other can be seen in Figure 3.1.

Common Data for Projects and Files Related with
All Projects Related Entities Projects

Figure 3.1: Three main parts of database.

The first one of them is the projects and their related entities. These entities
are the experiments, specimens, structural components, materials, loading and
sensor signals and the configurations producing these signals. All of these entities

were configured in the context of the projects. A rough sketch of the data model
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of this part is shown in Figure 3.2. Detailed explanation of the entities and
relationships which are shown in Figure 3.2. are given in following sections of

this chapter.

Project
‘r Response Signal
Loading Signal  f1..* =
1,.* 1%
1 Experiment -1 1
Device 1 - Response Signal
Configuration ~ [1~ | — - Group
T
Specimen . Sensor
ly* —1-"™  Configuration
T
Loading Device JI
1% 1o
Structural
Component Sensor Device
ly*
Nominal Property f1..* 1~ Material -1 1. Actual Property

Figure 3.2: Whole data model in a nutshell.

The second part, on the other hand, was developed for the data that are com-
mon to all projects. These data include the loading and sensor devices of the
laboratory, the individuals took part in the projects and the experiments, the
clients that will use the system in the authorization level, the unique keys that
are used in order to categorize some of these entities and designed available to

be broadened. These entities are shown in Figure 3.3.

The third part contains documents, images and videos that are identified for
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Keywords - Equipment — People —

Project Main Focus Loading Device Types Institution
Project Keywords Loading Devices User
Experiment Types Sensors

Figure 3.3: Common entities for all projects.

the projects and the related entities of the projects and designed as separate

elements. Structure of this part is presented in Figure 3.4.

Any Entity

Document Image Video File

Figure 3.4: File types in database.

The database was implemented using structured query language. As mentioned
in the second chapter, SQL systems have a long-standing background, they were
tested numerous times and they are reliable and robust systems. Moreover, it is
very easy to find qualified stuff to work when there occurs a necessity to further
develop and modify the system. MySQL was chosen among a number of SQL
implementations. The database management system of MySQL is one of the
most powerful amongst competitor systems and has been used successfully in
numerous projects for years. One of the reasons why MySQL was used in this
project is that the operating system through which the system will run is a
distribution of Linux and the Linux distributions are known to work trouble-

free with MySQL. Another reason is that the PHP language through which the
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graphic interface will be developed. MySQL and PHP have almost the same
development history and PHP language is far more compatible with MySQL
compared to another SQL implementation. Finally, the developers have more

control over the MySQL compared to its competitors.

The database design and the implementation are completed with conformance
to the restrictions of the SERIES project. What is meant by this is not the
whole structure of the database but the general guidelines and names given to
the tables with similar functions and to the table columns. By these means, the
query interfaces developed in the scope of the SERIES project can be used with
little modification on the database that was directly developed in the context of

this project.

Since the system requirements were identified in a large and flexible way, the
relation of one table with the other is not established directly in these tables,
instead additional tables were created for such relations. Although the imple-
mentation facility, in a sense, was put on the back burner, the database resulted

in a structure that can be advanced to cover many possible future requirements.

Three database users who are able to connect to the database server were iden-
tified. First one of them is the root user who has the administrative privileges
and it can only be controlled by the system designers. The second one is the user
called “seed” who has the CRUD (Create, Read, Update, and Delete) privileges
and this user is controlled by the graphical user interface. The privileges of this
user only apply to the existing tables; it cannot create a new table or a user
and cannot manage other database users’ privileges. Nevertheless, the access
credentials of this client should be kept carefully. In order to ensure that, the
credentials of this user is defined in a configuration file with .php format and
is placed on the server in a folder that is only readable by the web server user

defined in that server.

Finally, a user named “series” was created for those who will directly connect to
the database without using a graphical interface from the SERIES central server
and this user have only the reading privilege in certain tables. The credentials

of this user were delivered to the relevant people from the SERIES project.
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Amongst these users, only user “series” have the privilege to connect to the
database from remote servers. “root” and “seed” users may only connect to the
database server from the server computer on which the database server is hosted,

i.e. localhost. Table 3.1. depicts the users in short.

User | Purpose Privileges | Access restriction
root | Administrators All localhost

seed | Server side language CRUD localhost

series | SERIES central server | Select % (any host)

Table3.1: Database users.

To manage the database directly, the phpMyAdmin system is used, which runs
through the web server and was installed in the computer hosting the database
server. This management interface is available in http://dede.ce.metu.edu.tr:8080.
The database consists of 93 tables and its server runs in the computer with IP
address 144.122.103.100. The database server is serving over 3306 standard
MySQL port. Access to the database is limited to the computer on which the
database is installed, except the series client. Table 3.2. shows the access infor-

mation organized for administrators for future references.

Key Value

Public URL to main site http://dede.ce.metu.edu.tr
Public URL to PhpMyAdmin | http://dede.ce.metu.edu.tr:8080
IP address of the server 144.122.103.100

Hostname for MySQL server | 144.122.103.100:3306

Table3.2: Main access information for developers

Currently there are 30 projects, 65 experiments and 66 specimens recorded

within the database in date of the creation of this document.
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3.3 People Management

In order to manage the information of the people who take part in the projects
and use the system in a level that requires authorization, a table called “Person”
is created. Thereby, in the other tables, requiring person information, these peo-
ple are given reference and it becomes easy to obtain accurate information in
the operations where the person based content grouping is the case. The Person
table consists of a unique key (idPerson), forename (foreName) and surname
(familyName), e-mail (contactEmail), phone number (contactPhone), a unique
key belonging to the institution of the person (institutionID) and a unique key
defined for a user who is connected to the people having the access in authori-

sation level (idUser).

The idPerson, foreName, familyName, contactEmail and institutionID infor-
mation are compulsory to fill in order to create a record on this table. The
institutional table which is defined by the institutionID key mentioned above is
used in order to define the projects or the experiments to which the institutions
are related through individuals. Moreover, it makes it possible for the people,
who are members of the institutions defined as partners in content access re-
strictions, which we will mention in the future, to access some of the content.
In the institution table, institutions are defined with their unique keys (idInsti-
tution), institution name (institutionName), the short name of the institution
(institutionAcronym), contact information of the institution (institutionCon-
tact), location (location) and website (institutionWebsite). This data belonging
to individuals should be defined before any project creation. Therefore, person

management is designed separately from and prior to project management.

In addition to these, the users, which are defined by the idUser key, are defined
in a separate Users table with their user names and passwords. Only the people
who are also defined in the Users table have access to the system. In this
table, there is a unique key (id), a unique key of the person who defines the
user (idPerson), a user name (username) and a password (password) for each
record. The values in the password column are created with a cryptographic

hash function while it is inserted into the database. Likewise, the password
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control operations made in order to evaluate log in requests are made with the
same cryptographic hash function. SHAT is used as cryptographic hash function
algorithm. The rationale behind hashing passwords is to reinforce security of

the system. Here it is relevant to give some details on this subject.

ERD of Person, Institution and User tables are given in Figure 3.5. including

all details about the columns.

Person User
PK,AK |idPerson int PK |id int
foreName varchar(25) idPerson |int
familyName |varchar(80) username |varchar(50)
AK | contactEmail |varchar(70) password |varchar(50)

contactPhond varchar(20)
userimage |int

institutionID |int
AK idUser int

AK |userlD int —(OH PKAK [idinstitution int
AK [institutionName varchar(100)

AK |institutionAcronym |varchar(15)
institutionContact |varchar(20)
location varchar(30)
institutionWebsite |varchar(255)

Institution

Figure 3.5: ERD of people management.

If all credentials of a user (namely the user name and password pairs) is stored
in the database as is and if the database is viewed by unwanted people through
hacking or misuse, all credentials can be exposed to the public. In this case, after
securing the system, all users should change their passwords or their accounts
will be blocked. Besides, it is known that some people use the same password
for different accounts. Since such adverse effects in addition to a security breach
can occur, it is suggested to keep a modified version of these credentials rather
than what they are exactly. This is called encrypting data. There are two
main encryption types which are based on reversibility. There are cases that
enforce the use of reversible encryption such as sending a classified message
from a client to another. If it is not necessary, irreversible encrypting is almost

always the most secure solution. Irreversible encryption is done via a function
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which takes the value to be encrypted as input, and it outputs another value
which cannot be decrypted since the function is irreversible. So that, to know
the input of a certain output, it is necessary to operate the same encryption
function on the same input. [6] The application of this logic to login systems
is straightforward. A user’s password is encrypted before it is recorded in the
database. Then, when the user wants to log in to the system, he or she provides
the same password. The developer adjusts the system to run the same encryption
algorithm when recording the password to the database and controlling it during
a log in operation. Finally, even if the database security is breached, the hacker
only gets the encrypted versions of the passwords which cannot be reversed. By

these means, no credential information can be exposed to the public.

3.4 Laboratory Management

Laboratory data refers to the data belonging to the laboratory’s loading and

sensor devices used in experiments.

The data of the loading devices are stored in Device and DeviceType tables.
Since the loading devices can be grouped according to their types, an addi-
tional DeviceType table was created. In the DeviceType table, there is a unique
key related to the type (idDeviceType) and the name of the type (deviceType-
Name). The main data of the loading device is located in the Device table.
Every particular device is defined with a unique key (idDevice), a device type
key displaying the device type and referring to the DeviceType table (device-
Type), subtype of the device (device Subtype), the product name of the device
(deviceProductName), the device tag created to provide ease when used in a
laboratory (deviceLabel), the stroke capacity value of the device (strokeCapac-
ityValue), the unit of its stroke capacity value (strokeCapacityUnit), the force
capacity value of the device (forceCapacityValue), the unit of its force capacity
value (forceCapacityUnit), calibration information (calibration), notes related
to the device (notes) and a definitive reference to this device given from the
local database, if there is any (inventoryReference). Only the notes related to

the device and the local database reference information is optional to create a
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record for a device. All of the other information must be inserted during the

device registration. Figure 3.6. exhibits the ERD of device definitions.

Device
PK |idDevice int
deviceType int
deviceSubtype varchar(20)
deviceProductName |varchar(40)
deviceLabel varchar(20) DeviceType
strokeCapacityValue |double >O_H_ PK |idDeviceType int
strokeCapacityUnit  |varchar(10) AK |deviceTypeName |varchar(50)

forceCapacityValue |double
forceCapacityUnit varchar(10)

calibration varchar(10)

notes mediumtext(16777215)
inventoryReference |varchar(30)

Figure 3.6: ERD of device management.

The data related to the sensor devices are indexed in the Sensor table. Since
there is not a practical advantage of grouping the sensor devices with respect to

their types, no sensor device type table is used as it was in the loading devices.

Every individual sensor device is created with respect to its own unique key
(idSensor), sensor device type (sensorType), sensor device subtype (sensorSub-
type), the product name (sensorProductName), the label created for laboratory
use (sensorLabel), accuracy value (sencorAccuracyValue), the sensor range unit
(sensorRangeUnit), information about calibration (calibration) and if there is a
reference from a local database to the device, the information identifying this

reference (inventoryReference). Figure 3.7. shows the Sensor table in detail.

At least, a minimum amount of information about these devices should be in-
troduced before the creation of any project since any project will need a device
configuration. Therefore, in the system design, they were created separately

from and prior to the project management part.
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Sensor

PK |idSensor int
sensorType varchar(50)
sensorSubtype varchar(20)
sensorProductName |varchar(40)
sensorLabel varchar(20)

sensorAccuracyValue |double

sensorAccuracyUnit  |varchar(10)
sensorRangeValue varchar(10)
sensorRangeUnit varchar(10)
calibration varchar(10)
inventoryReference varchar(30)

Figure 3.7: Details of sensor entity.

3.5 Files Management

To save a file in the system means to save that file directly to the file system
controlled by the operating system. Database, on the other hand, holds only
the references of these files. However, every file reference which is saved in the
database may not exist in the local file system. Some files are accessible through
a URI out of the system and they are defined in the database via this URI. At
this point, the foresight of the person who is creating data in the system about
the permanence of the files out of the system is of importance. If a file exists
in an outer source, but the permanence of this file is suspicious, what should be

done is to save the copy of this file in the system, if possible.

Moreover, for the files that are directly relevant to the projects or to the entities
within the projects, a number of various data related to these files should be
stored. Thus, the ideal way is to save the files on their own tables rather than the
tables of the related entities. Considering this, additional tables were created.
Usually, the files are document, image or video files. However, there are also
other types of files which do not fall under these categories. Since it would
be more appropriate to store various data most of which are not common to

every file kept in every category, it was decided to create distinct tables for each
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category. Therefore, Document tables were created for documents, Image tables
were created for images, Video tables were created for videos and File tables

were created for other files.

Every individual input in the Document table is identified with a unique key
(idDocument), document title (documentTitle), author of the document (docu-
mentAuthor), the creation date of the document (documentCreationDate), doc-
ument format chosen among the formats of DOC, PDF, TXT (documentFor-
mat), document size in bytes (documentSize), the written abstract of the docu-
ment if available (abstract), the scope of the document (scope), the information
which can be INTERNAL, EXTERNAL or ENCLOSED, and shows whether the
document exists in the file system (documentLocation), URI of the document
(documentURI), if there is any, URI of the original document (originalDocumen-
tURI), the counter which records the number of downloads (downloadTimes),
the hash value of the document file which was created by MD5 algorithm to
make it possible to understand whether the file was changed or not after record-
ing to the database (hashValue), the value indicating if the document can be
downloaded (downloadAllowed), the value which controls the accessibility of the
document and can be PRIVATE, PARTNER or PUBLIC (privacy), the unique
key of the user who inserts the document in the system (creator idUser), the
unique key of the user who made the most recent change in the document record
(lastModification _idUser) and the most recent modification date of the docu-

ment record (lastModification time). Document entity is shown in Figure 3.8.

Every individual input in the Image table which holds the references of the im-
age files are identified with the unique key of the image file (idImage), the name
of the image file (imageName), the creation date of the image file (imageDate),
the format of the image file whether in JPG, BMP, GIF, PNG, or TIFF (im-
ageFormat), the value which indicates the location of the image file and can
be INTERNAL, EXTERNAL or ENCLOSED (imageLocation), the person who
created the image (imageAuthor), URI of the image file (imageURI), the size of
the image file (imageSize), a brief information about the content of the image
file (summary), the hash value of the image file which was created using MD5

algorithm (hashValue), the value indicating whether the image file can be down-
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Document

PK,AK |idDocument int
documentTitle varchar(150)
documentAuthor varchar(300)
documentCreationDate timestamp
documentFormat enum(3)
documentSize double
abstract text(65535)
scope varchar(150)
documentLocation enum(8)
documentURI varchar(255)
originalDocumentURI varchar(255)
enclosedDocument longblob(4294967295)
enclosedOriginalDocument |longblob(4294967295)
downloadTimes int

AK |hashValue tinyblob(255)

downloadAllowed enum(3)
privacy enum(7)
creator_idUser int
lastModification_idUser int
lastModification_time timestamp

Figure 3.8: Details of document entity.

loaded (downloadAllowed), and the value which indicates who has access to the
image file and can be PRIVATE, PARTNER or PUBLIC. Figure 3.9. shows
detailed entity diagram of Image table.

Image
PK,AK [idImage int

imageName varchar(50)
imageDate timestamp
imageFormat enum(4)
imageLocation enum(8)
imageAuthor varchar(100)
imageURI varchar(255)
enclosedimage longblob(4294967295)
imageSize double
summary tinytext(255)

AK |hashValue tinyblob(255)
downloadAllowed |enum(3)
privacy enum(7)

Figure 3.9: Details of image entity.

The records in the Video table usually refers to the video files created dur-

ing the experiments. Every individual record in this table is identified with
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a unique key (idVideo), the name of the video (videoName), the date of the
record (videoDate), the format of the video which can be MPG, AVI, MOV,
FLV (videoFormat), the value indicating the location of the video which can be
in the system or external (videoLocation), URI of the video (videoURI), the size
of the video in bytes (videoSize), a brief description of the video (summary), the
hash value of the video file created using MD5 hashing algorithm (hashValue),
the binary value which indicates whether the video can be downloaded (down-
loadAllowed), and the value which indicates who has access to the video and can
be PRIVATE, PARTNER or PUBLIC. Video table diagram is given in Figure
3.10.

Video

PK |idVideo int
videoName varchar(50)
videoDate timestamp
videoFormat enum(3)
videoLocation enum(8)
videoURI varchar(255)
enclosedVideo longblob(4294967295)
videoSize double
summary tinytext(255)

AK |hashValue tinyblob(255)
downloadAllowed |enum(3)
privacy enum(7)

Figure 3.10: Details of video entity.

Every individual input in the File table, where other types of files are created
is identified with its own unique key (idFile), file name (fileName), the creation
date of the file (fileDate), the format of the file that can be freely entered (file-
Format), a brief description of the file (description), the value which indicates
the location of the file and can be INTERNAL, EXTERNAL or ENCLOSED
(fileLocation), URI of the file (fileURI) and the hash value of the file which was
created using MD5 hashing algorithm (hashValue). File table details can be

viewed in Figure 3.11.

The entities which the file is related to is not mentioned in these tables and

every file record is meaningful only if it is in the context of the entity that is
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File

PK |idFile int
fileName varchar(100)
fileDate timestamp

fileFormat varchar(50)

Description  |mediumtext(16777215)
fileLocation |enum(8)

fileURI varchar(255)
enclosedFile |longblob(4294967295)
AK |hashValue tinyblob(255)

Figure 3.11: Details of file entity.

related to it, that is to say it has no meaning by itself. Therefore, the records on
these tables are entity agnostic. Also, since it is generally the case that there are
one-to-many relations between the files and related entities, relations between

these files and entities is established in separate tables.

3.6 Project Management

Project management is the most important and the core component of the
database. The fundamental elements such as experiments, specimens, construc-
tional components, materials, loading and sensor device configurations are con-
nected to a project whether directly or indirectly. Therefore, not only the user

interface but also the database was designed accordingly.

Every project has some specific information independent of other entities al-
though it can only be identified with the entities which are constituting it.
Thus, a Project table, in which the information that can be said unique to the
project is present, was created. At the same time, since the projects can be
grouped according to its main subjects, a ProjectMainFocus table was created
where the main subjects of the projects are stored in order to access all the
projects related to a specific group easily and properly in the future. In addition

to that, every project can be related to more than one subject except from their
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own main subjects. Keywords labeling the projects can be introduced similar
to the labeling system which is commonly used on the Internet. These key-
words are not defined during the project is entered, but defined beforehand in
a large spectrum. Thus, the person entering the project can categorize them
meaningfully choosing from a large spectrum of keywords. A ProjectKeywords
table was created in order to define keywords. The ProjectMainFocus and the
ProjectKeywords tables contain a unique key for every individual input and a

name identifying the input.

Every project record in the Project table, which is the main table containing the
data of the projects, is identified with a unique key (idProject), the title of the
project (projectTitle), the short name of the project (acronym), the start date
of the project (projectStartDate), the ending date of the project (projectEnd-
Date), a brief description of the project (projectDescription), the creation date
of the project in the database (projectCreationDate), the current status of the
project which can be one of the values from the set of NEW, FORESEEN, IN
PROGRESS or FINISHED (projectStatus), the organization providing finan-
cial support (fundingOrganization), a unique key giving reference to the table
of main focus subjects for the project (projectMainFocus), the value which in-
dicates whether the project can be updated and can be OPEN or CLOSED
(projectUpdate), the value which determines access restrictions, and can be
PRIVATE, PARTNER or PUBLIC (privacy), the unique key of the user who
creates the project (creator idUser), the unique key of the user who updated
the project most recently (lastModification idUser), the last modification date
of the project (lastModification time).

It should be noted that since there is one single main focus of the project, the
reference of this focus is directly given within the Project table. On the con-
trary, since a project can be labeled with more than one keyword, an additional
Project ProjectKeywords table was created. Every individual input in the ta-
ble belongs to a specific project-keyword relation and contains a unique key of

the project in this relation and a unique key of the keyword in the relation.

In addition to these, since there might be documents that are specific to cer-
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tain projects and these documents might be more than one, a table named
Project  Document where this relation is saved was created. Every individual
record in this table indicates a project-document relation and identified with
a unique key for the related project (Project idProject), a unique key for the
related document (Document idDocument) and the value which indicates the
status of the document and can be PRELIMINARY, FINAL or JOURNAL
(documentType).

Also, there is another table called Project Person, which contains the informa-
tion of the people who are specific to the project and has been defined before.
Similarly, the inputs in this table contains the unique keys belonging to the
project and the person in relation and the person’s role which can be PRINCI-

PAL, INVESTIGATOR, LOCAL, and COINVESTIGATOR within the project.

Tables used in project management are given as ERD in Figure 3.12.

Project ProjectMainFocus

PK,AK |idProject int PK |idProjectMainFocus |int

AK  |projectTitle varchar(130) >‘—|—|+ AK | projectMainFocus varchar(100)
acronym varchar(15)
projectStartDate timestamp
projectEndDate timestamp
projectDescription text(65535) Project_Projectkeywords
projectCreationDate timestamp  HO—O PK Project_idProject int
projectStatus enum(11) PK |ProjectKeywords_idProjectKeywords |int
fundingOrganization varchar(100)
projectMainFocus int
projectUpdate enum(6)
privacy enum(7)
creator_idUser int Projectkeywords
lastModification_idUser |int PK |idProjectKeywords |int
lastModification_time timestamp AK [keywordName varchar(50)

Project_Person

PK | Project_idProject |int
PK |Person_idPerson |int

PK |role enum(22)

Project_Document

PK | Project_idProject int
PK | Document_idDocument |int
PK |documentType enum(11)

Figure 3.12: ERD of project management.
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3.7 Material Management

Materials are the elements that constitute the structural components. Just after
the creation of a project, material pools should be created so that the structural
components and the specimens which are formed by these structural components
can be identified. Although it is sufficient for the materials to be specific to
projects according to the requirements of the system, there have been made no
restrictions in the database for the sake of possible future changes. So that, any
material can be identified with any project in the database. However, since it
would make it hard to use the system for the person entering the project, as we
will mention later, the materials can be identified specific to the projects in the

user interface.

The materials introduced can have many properties. These properties fall under
two categories which are actual and nominal. Any material can have more
than one actual or nominal property. Also, it is possible for a material to have
properties from both categories. The properties of actual and nominal materials
are not in a symmetrical form, which means they are identified differently. As
the existing projects suggest, a specific material property can only be applied
to specific materials. Since these properties cannot be applied to a number of
materials, every material property is identified specific to a particular material

when the material is being entered.

Moreover, every property, when they are being defined, should be available to be
identified with more than one related document regardless of the category they
belong to. Extra tables were created for the related documents. Apart from
material property documents, since there can be more than one document that
is directly related to the material, an additional table of material documents was

created.

Hence, the Material table in which the materials are identified, the Nominal-
Property table for the nominal properties of the materials, the ActualProperty
table for the actual properties of the materials, the Material Document table

for the documents that are directly related to the materials, the NominalProp-

37



erty Document table for the documents of nominal properties, ActualProp-
erty Document for the documents of actual properties were created. Finally,
the Project Material table was created in order to connect several materials to

a specific project.

The material table has a relatively simple structure. Every particular record in
this table is identified with a unique key (idMaterial), material name (material-
Name), and a binary value which indicates whether the material has a specific

document (hasdocument).

Every record in the Material Document table indicates a material-document
relation and consists of only two columns. The first column indicates the unique
key of the material (Material idMaterial), the second one, on the other hand,

indicates the unique key of the document (Document idDocument).

Every particular input in the ActualMeanProperty table, which is one of the
material properties, tables is identified with a unique key (idActualMeanProp-
erty), name of the property (ActualMeanPropertyName), the numerical value of
the property (ActualMeanPropertyValue), the unit which indicates the numer-
ical value of the property (ActualMeanPropertyUnit), the number of the sam-
ples that the numerical value is obtained with (numberOfSamples), observations
about the property (observations), if there is a graphic related to that property,
its value vectors (valueVectorX, valueVectorY), the binary value which indicates
whether there is a document related to the property (hasDocument), and the

unique key indicating to which material the property is related (SCMAT _id).

Every individual record in the ActualMeanProperty Document table, where
the documents related to the actual properties are stored, contains unique keys
belonging to the property and document and the meaning of this document in
the context of the relation. Every record is identified with a unique key belong-
ing to the property (ActualMeanProperty idActualMeanProperty), a unique
key belonging to the document (Document idDocument), and the type of the
document that can be MATERIALCURVE or ADDITIOANALDOC.

Every individual record in the NominalProperty table, where the records of the
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nominal properties which are one of the types related to the material, is identi-
fied with a unique key (idNominalProperty), property name (nominalProperty-
Name), the numerical value of the property (nominalPropertyValue), the unit
indicating the numerical value of the property (nominalPropertyUnit), obser-
vations related to the property (observations), the value vectors of the graphic
of the property, if there is one (valueVectorX, valueVectorY), the binary value
that indicates whether there is a document referring to the property (hasDoc-
ument), and the unique key indicating to which material the property belongs

(materiallD).

Every individual record in the NominalProperty Document table, where the
documents of the nominal properties are stored, is identified with a unique key
belonging to the nominal property in the relation (NominalProperty IdNominalProperty),
a unique key belonging to the document in the relation (Document_idDocument),

and the type of the document which can be MATERIALCURVE or ADDITION-

ALDOC.

Complete ERD of material management related tables is given in Figure 3.13.

3.8 Structural Component and Specimen Management

The structural components consist of materials. The specimens, on the other
hand, consist of structural components. A specimen needs at least one struc-
tural component in order to be identified. Experiments can only be conducted
on the specimens. Although some sort of specimens have only one structural
component, it is necessary to create a specimen that will wrap this structural

component.

Specimens are basically stored in the Specimen table. Considering that there
might be documents and images specific to the specimens and the number of
these types of files can be more than one, the Specimen Document table was
created for document-specimen relations and the Specimen Image table was

created for image-specimen relations.

39



Material_Document

PK
PK

Material_idMaterial
Document_idDocument |[int

Material
PK,AK |idMaterial int
AK |materialName |varchar(45)
hasDocument [enum(3)
ActualMeanProperty
NominalProperty PK,AK |idActualMeanProperty int
PK,AK [idNominalProperty int ActualMeanPropertyName |varchar(40)
nominalPropertyName |varchar(40) ActualMeanPropertyValue |double
nominalPropertyValue |double ActualMeanPropertyUnit | varchar(20)
nominalPropertyUnit  |varchar(20) numberOfSamples tinyint
observations varchar(150) observations varchar(150)
valueVectorX longblob(4294967295) valueVectorX longblob(4294967295)
valueVectorY longblob(4294967295) valueVectorY longblob(4294967295)
hasDocument enum(3) hasDocument enum(3)
materiallD int SCMAT_ID int
NominalProperty_Document ActualMeanProperty_Document
PK |NominalProperty_idNominalProperty [int PK |ActualMeanProperty_idActualMeanProperty |int
PK [Document_idDocument int PK | Document_idDocument int
PK |documentType enum(13) PK |documentType enum(13)

Figure 3.13: ERD of material management.

For the structural components the StructuralComponent table is used essen-
tially. The structural components should be identified for only one specimen.
Therefore, the relation between the structural components and the specimen is

directly indicated in the structural components table.

The structural components can be categorized in a large and a flexible spectrum.
Thus, for these categories an additional StructuralComponentType table was
created and every individual structural component is created with reference to
an input in this table while they are entered. The structural components can
also be related to more than one document like the specimens. Therefore, an

additional StructuralComponent Material table was created.

Considering that a structural component can contain more than one material
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and a material can be used in more than one structural component, an additional
StructuralComponent Material table was created for structural component-

material relations.

The structural components are not directly related to the project. This re-
lation is conducted through the specimen to which the structural component
is connected. A specimen can be identified for only one project; however, a
project may contain more than one specimen. Therefore, the relation between
the projects and the specimens can be created directly in the specimens table,

with an identifier referencing the related project.

Every individual record in the specimen table is identified with a unique key
(idSpecimen), the name of the specimen (specimenName), the unique key of
the project belonging to the specimen (projectID), the maximum length of the
specimen (max_ Length), the maximum width of the specimen (max_ Width),
the maximum height of the specimen (max_Height), the maximum depth of the
specimen (max_Depth), the mass of the specimen (specimenMass), the access
restrictions for the specimen information that can be PRIVATE, PARTNER or
PUBLIC (privacy), the unique key of the person who enters the specimen to
the system (creator idUser), the unique key of the user who made the most
recent modifications on the specimen record (lastModification idUser), the last

modification date of the specimen (lastModification time).

The tables where the references of documents and image files related to the
specimens have symmetrical structures. Every individual record in the Spec-
imen Document table is identified with a unique key belonging to the speci-
men (Specimen idSpecimen), the unique key belonging to the document (Doc-
ument _idDocument), and the value which indicates the type of the document
in the context of this relation and can be COORDREFSYSTEM, SCALING,
GEOMETRY, CONSTRUCTION, TRANSPORT, DEMOLITION, PRELIMI-
NARY, ONGOING or FINAL (documentType). The first two columns in the
Specimen _Image table which stores the images are created in a similar way.
The image type information can hold one of these values from the set of MAIN,

CONSTRUCTION, DEMOLITION or TRANSPORT.
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Specimen and directly related entites are shown as a ERD in Figure 3.14.

Project

PK,AK [idProject |int
Specimen_lmage F Specimen_Document
PK | Specimen_idSpecimen |int PK | Specimen_idSpecimen [int
PK |Image_idimage int X PK | Document_idDocument |int
PK [imageType enum(12) Specimen PK |documentType enum(14)
PK,AK |idSpecimen int
specimenName varchar(45)
projectiD int
max_Length double
max_Width double
max_Height double
max_Depth double
specimenMass double
privacy enum(7)
creator_idUser int
lastModification_idUser |int
lastModification_time timestamp
N
StructuralComponent
PK,AK |idStructuralComponent int
specimenID int

Figure 3.14: ERD of specimen management.

Every individual input in the StructuralComponent table where the structural
components are stored is identified with a unique key belonging to the struc-
tural component (idStructuralComponent), the name of the structural compo-
nent (structuralComponentName), the unique key of the specimen to which
the structural component belongs (specimenID), the unique key referring to the
category of the structural component (SCTypeld), the specific notes about the

materials constituting the structural component (materialDescription).

Every individual record in the StructuralComponentType table which was cre-
ated for the categories that are used in order to group the structural components
is identified with a unique key (idStructuralComponent) and the name of the

category (typeName).

Every individual record in the StructuralComponent Document table where
the documents related with the structural components are stored is identified

with a unique key belonging to the structural component in relation (Struc-
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turalComponent_idStructuralComponent) and a unique key belonging to the

relevant document (Document_idDocument).

Every individual record in the StructuralComponent Material table where the
records of the materials constituting the structural components are stored is
identified with a unique key belonging to the relation (idSCMAT), a unique
key belonging to the structural component in the relation (StructuralCompo-
nent_idStructuralComponent) and a unique key belonging to the material (Ma-

terial idMaterial).

Structural component table with its surroundings are shown as ERD in Figure

3.15.

Specimen

PK,AK [idSpecimen |int

A StructuralComponentType
StructuralComponent

PK |idStructuralComponentType |int
AK |typeName varchar(90)

PK,AK  [idStructuralComponent int
AK |structuralComponentName |varchar(70)

specimenID int
SCtypelD int
materialDescription varchar(100) StructuralComponent_Document

PK | StructuralComponent_idStructuralComponent [int
PK | Document_idDocument int

StructuralComponent_Material
PK,AK |[idSCMAT int
StructuralComponent_idStructuralComponent |int
Material_idMaterial int
Y

Material

PK,AK |idMaterial

Figure 3.15: ERD of structural component management.

3.9 Sensor and Loading Device Management

The loading and sensor devices in the laboratory are used in groups. Generally,

the groups that are created when a project is started, are used for more than one
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experiment. For every individual experiment conducted in the scope of a project
it is easier to create these device groups beforehand, then to give reference to
these device groups in the experiments instead of identifying the same loading

and sensor devices for every particular experiment of the project.

The structures of the DeviceConfiguration table which holds the loading de-
vice configurations and the SensorConfiguration table which holds the sensor
device configurations are very similar. Every input of the DeviceConfiguration
table is identified with a unique key belonging to the configuration (idDevice-
Configuration), configuration name (configurationName), and the notes about
the configuration (configurationNotes). The SensorConfiguration table has a
symmetrical structure. For the devices that configurations contain, the Device-
Configuration Device and the SensorConfiguration Sensor tables were created.
The table created for the devices in the loading device configuration has a very
simple structure. Every individual record in the DeviceConfiguration Device
table is identified with a unique key belonging to the relation (idDeviceCon-
figurationDevice), a unique key belonging to the configuration (DeviceConfigu-
ration _idDeviceConfiguration), and a unique key belonging to the device (De-
vice_idDevice). The SensorConfiguration Sensor table where the sensor de-
vices in the sensor configurations are stored contains lots of information. Every
individual record in this table is identified with a unique key (idSensorCon-
figuration Sensor), a unique key belonging to the configuration in the relation
(SensorConfiguration idSensorConfiguration), a unique key of the sensor device
in the relation (Sensor idSensor), the initial position of the sensor device in the
configuration (sensorLocation), the final location of the sensor device (sensor-
LocationFinal), the initial direction of the sensor device (sensorDirection), the
final direction of the sensor device (sensorDirectionFinal), and the notes about
the configurations belonging to the device (notes). Sensor configuration ERD is

shown in Figure 3.16.

The system requires that a device configuration should only run with a spe-
cific project; however, there is a high possibility for a variety of projects to use
the same device configurations. Therefore, the device configurations have not

been defined specific to a specific project. Instead, with the prediction that
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Project

PK,AK [idProject |int
x
Project_SensorConfiguration
PK [idProject_SensorConfiguration |int
idProject int
idSensorConfiguration int
SensorConfiguration SensorConfiguration_Sensor
PK |idSensorConfiguration |int 1 }] PK |idSensorConfiguration_Sensor int
AK | configurationName varchar(50) SensorConfiguration_idSensorConfiguration |int
configurationNotes text(65535) Sensor_idSensor int
sensorlLocation varchar(35)
sensorLocationFinal varchar(35)
sensorDirection varchar(45)
sensorDirectionFinal varchar(45)
SensorConfigurationSensor_Image notes mediumtex(16777215)
PK [SensorConfiguration_Sensor |int
PK |Image_idimage int
Sensor
PK |idSensor int

Figure 3.16: ERD of sensor configuration management.

they might refer to more than one project, this relation was created in the sep-
arate tables Project DeviceConfiguration and Project Sensor Configuration.
In this table, there are unique keys belonging to the related configurations and

projects.

3.10 Loading and Response Signal Management

A number of experiments conducted in the scope of a project are performed using
the configurations consisting of loading and sensor devices in the laboratory.
Since the signals of the loading devices are prepared before the experiments are
carried out, they are few in number and each of them are generally created per
project, the experimenter prepares them as separate files. The response signals,
on the other hand, are obtained in bulk groups corresponding to the sensor
device configurations. Most of the time, the person who is carrying out the

experiment obtains all the response signals in a single file when the experiment
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is over. The readings in this file are equidimensional readings that correspond

to a shared time axis.

Since the loading and the response signals have many properties in common,
a common Signals table was created in order to record them one by one. The
signals created or achieved related with an experiment frequently depends on a
common time axis; therefore, an additional SignalTimes table was created for

this coordinate.

Every individual record in the Signals table is identified with a unique key (idSig-
nal), signal name (signalLabel), the type of the signal indicating that it is cre-
ated through a sensor or calculation which can be COMPUTED or MEASURED
(type), the unit of the signal value (unit), URI of the signal data that is stored
usually in CSV format in the local file system (signalValuesURI), the binary
version of the value vector (valueVector), the unique key of the device through
which the measurement was performed in the configuration to which it belongs,
the value indicating if the signal is obtained directly as a result of measurement
(sensorConfig sensorld), if the signal is a sensor signal, the unique key of the

experiment from which the signal was obtained (expCompld).

Every individual record in the SignalTimes table composed of its own unique
key (idSignalTimes), the label of values (timeLabel), and the binary versions of

the value vector (timeVector).

The loading signals are located in the Originall.oadingSignal table referring to
the records in the signal tables. The Originall.oadingSignal Document table
was created for the files that are specific to the loading signals. With respect to
the system requirements, a loading signal is related to only one project. Thus, it
would be sufficient to refer a project or project entity in the loading signal table
directly. However, considering the future requirements, another table called
Project OriginallLoadingSignal is created to relate a loading signal with more

than one project.

Every individual record in the Originall.oadingSignal table indicates the original

version of a specific loading signal and identified with a unique key (idOriginal-
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LoadingSignal), loading name (originalLoadingName), loading type that can be
NATURAL, ARTIFICIAL, NATURAL-MODIFIED (nature), the source of the
loading signal (source), the maximum loading value (peakExcitationValue), the
unit of the maximum loading value (peakExcitationUnit), the binary value in-
dicating whether there is a document belonging to the loading (hasDocument),

the unique key belonging to the actual signal to which they refer (signallD).

There are unique keys, which belong to the loading signal and to the related
document, in the OriginalLoadingSignal Document where the folders of the
original loading signals are kept. Similarly, there are unique keys, which belong
to the related loading and to the project, in the Project OriginallLoadingSignal

table which relates the original loading signals to the projects.

Although the loading signals are, in fact, directly related to experiments, they
are tied to the projects in our design. Since, experiments can sometimes do
not directly relate to the original version of the loading signals and the orig-
inal loading signals must be defined in a project without referring to any ex-
periment, another concept called detailed loading characteristics is developed.
This situation occurs mainly in experiments which are just computational, and
they are conducted using artificial signals which are obtained through the mod-
ification of the original loading signals with the help of a specific coefficient.
Therefore, the DetailedL.oadingCharacteristic table was created where the de-
tailed loading characteristics are stored. In order to prevent any complication
in the system, no original loading signal can be directly associated with ex-
periments. Even if the signal will be used without any modifications, first a
record is created in the Detailedl.oadingCharacteristic table and the relation
between this detailed loading record and the original loading record is saved
within the DetailedLoadingCharacteristic_ OriginalLoadingSignal table. These
detailed loading records are associated with the experiments within the Experi-

mentComputantion DetailedLoadingCharacteristic table.

The detailed loading characteristics wrap original loading signals. Every indi-
vidual record in this table contains a reference to the related original loading

record, the constant coefficient applied to the original loading record and the
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direction of the loading, if available. The table which associates the experiments
with the detailed loadings contains the unique keys of the experiment and the
loading. If there is an additional constant coefficient which is applied to the

detailed loading, it is also included in this table.

The response signals, on the other hand, as distinct from the loading signals,
are entered into the system in groups. For this reason, the SignalGroup and
the SignalGroup _Signallnfo tables were created. Every individual record in the
SignalGroup table is used in order to associate the signal groups with the projects
and identified with a unique key (idSignalGroup), the name of the signal group
(signalGroupName), the unique key of the project to which the group belongs
(projectID). Every record in the SignalGroup Signallnfo table is created to
store the information of a single signal in the signal group and identified with
a unique key (idSignalGroup Signallnfo), a unique key belonging to its group
(idSignalGroup), the signal label (signalLabel), the type of the signal which can
be MEASURED, ARTIFICIAL or NATURAL-MODIFIED (type), the unit of
signal values (unit), the unique key belonging to the specific sensor device in the

sensor device configuration from which the signal reading is obtained.

The sensor signals are directly associated with the experiments within the Signals
table. It is known that every individual row recorded in the Signals table is
associated with a specific experiment. Since it is recorded that which entry
in the Signals table corresponds to which entry in the SignalGroup _Signallnfo

table, the experiments and the measurements can be associated.

3.11 Experiment Management

The experiment records are one of the most important parts of the system. Many
other records are just created in order to mediate experiment entries or elaborate
the experiments. Many components mentioned above are linked to the projects
through the experiments. Similar to the case in the projects, the experiments can
be identified only with the help of numerous tables. Note that, in the context of

the system, what is meant by the experiments is not only the actual experiments
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carried out in the laboratories but also the computational experiments that are
only based on computation. In this respect, the experiments are divided into
two main classes, namely EXPERIMENT and COMPUTATION. Regardless of
the class they belong to, almost every property of every experiment is shared;
therefore, the difference is provided by a feature in a common table instead of

creating two separate tables for these separate classes.

The main information related to the experiments are kept in the Experiment-
Computation table. It was decided to keep the main focus of the experiments
in the ExperimentComputationType table and give reference to this table from
the main table in order to provide convenience for the search operations that
will be done in the future. Another reason why this table was created is that
how the main focuses of the experiments will progress in the future cannot be

estimated today.

Every individual input in the ExperimentComputation table where the main
records belonging to the experiments are kept is identified with a unique key
belonging to the experiment (idExpComp), the name of the experiment (exp-
CompName), the value which indicates the class of the experiment and can be
EXPERIMENT or COMPUTATION (class), the value referring to the main ex-
periment focus table (type), the date of the experiment (date), the information
of how many times was the experiment repeated (numberOfRepetitions), the
maximum excitation value obtained in the experiment (peakExcitationValue),
the unit of the maximum excitation value obtained in the experiment (peakEx-
citationUnit), the unique key of the specimen over which the experiment was
carried out (SpecimenlD), the value which manages the access restrictions to
the experiment and can be PRIVATE, PARTNER or PUBLIC (privacy), the
unique key belonging to the client who enters the experiment to the system
(creator _idUser), the unique key belonging to the client who made the last
modification on the experiment record (lastModification idUser), the date of
the last modification made on the experiment record (lastModification time),
the loading configuration used in the experiment (DeviceConfigurationID) and
the sensor configuration used in the experiment (SensorConfigurationID). The

unique key of the focus, the name of the focus and the class of the focus are
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kept in the table where the experiment focuses are kept.

Additional tables were created to provide the links between the experiments and
the other entities. The ExperimentComputation DetailedLoadingCharacteristic
table was created in order to relate the detailed loading characteristics to the
experiments. The ExperimentComputation Document, the ExperimentCom-
putation Image, the ExperimentComputation File and the ExperimentCom-
putation Video tables were created in order to store the documents, images,
videos and other types of files specific to the experiment. Finally, in order to
re-identify the people in the perspective of the experiment, another table called
ExperimentComputation Person is created. Every one of these additional ta-
bles contains the unique identifiers of the components and the experiments in

relation.
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CHAPTER 4

THE GRAPHICAL USER INTERFACE

4.1 Introduction

This chapter explains the graphical user interface developed to manipulate the
database system mentioned above in detail. All the implementation details re-
quired to develop the interface as well as the design philosophy is given for further
development. Firstly, overall application structure together with the languages
and tools used to develop the interface is explained. Then the components that
is common to all parts is pointed out. In following parts, main functionalities

offered by the interface is described under related pages of the website.

4.2 Overall Web Application Structure

The ultimate goal of the system is to store specific data in a relational database
satisfying the criteria of being economic and reliable and to provide access when
there is a need for these data in an appropriate way. Considering it just in
the perspective of this goal, the study is nothing but a database management
study. Database management, on the other hand, can only be made through
some specific user interfaces that might not be even graphical. However, that
type of use requires special training of the staff. The purpose of the graphical
user interfaces in a project like this is to provide utilization of the system for
those who do not have expertise on database management systems. The users

considered here are not only the clients who only view the data, but the users
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who will also use the system in an authorized level, i.e. enter, update or delete
data. So that, interface, which was developed for the users who want to enter
and access to data, should be of a type that is both easy to access and use as

far as possible.

The graphical interface software that can be used to manage a certain database
generally divide into two. First one of them is the applications which were
developed specific to operating systems. They generally require installation
beforehand and are named as desktop software. The second one, on the other
hand, are the website applications which are developed for the web browsers
installed on the computer and do not require installation. The shared feature
of these programs is that they both need a computer that has access to the
Internet. In the context of this project it is decided to implement the graphical

user interface as a web application.

The first motive of this decision is that the web applications are easier to access
in comparison with the desktop software, since they do not require installation.
A web application does not require installation because the users are served
only what they will view. The main business logic of the software does not
need to run on client’s computer. The whole installation of the system, in fact,
was made in the remote server in which the web application is hosted. When a
user accesses to a specific URL address via a browser, they do not access to the
whole system, but the resulting view of the source they want access to. This
view is named a web page. Web pages are usually small in size since they store
a specific content statically. A general scheme of data flow in web is given in
Figure 4.1. Traditional data flow in traditional systems is also shown in Figure
4.2. Moreover, users only access to the pages to which they want to access, not
to all pages of the system when browsing a website. Also, the copies of the pages
accessed are stored in cache storage on the user’s computer. By this means, a
user can browse a web site repeatedly with minimum data transfer between the
server and the client. As a result of all the reasons mentioned, it is possible
to run the system providing the same functions without any installation on the

users’ computers.
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Client Computer

| URL >
Generic Browser Web Server DB Server
HTML Response

Figure 4.1: Web based database client software work flow.

Client Computer Query > Server Computer

Specific Software DB Server

Server Computer

Resultset Data

Figure 4.2: Traditional database client software work flow.

The second motive is that web applications do not have any other dependencies
apart from browsers. The desktop applications, on the other hand, should be
developed accordingly or at least adjusted specific to an operating system. Since
the possible users of the system have already been using many different operat-
ing systems or different versions of a specific operating system, it would be very
hard to develop a desktop application to run seamlessly on all these environ-
ments. Likewise, the web applications also depend on many browsers; however,
since there are common standards for these browsers, the development proce-
dure should be carried on in accordance with these standards only. Thereby, a
single web application can be run having the same functions and appearance in

every major browser.

As mentioned before, a user who wants to access a certain page in a central
computer should be sent that page. The prior necessity for this is a presence of
a web server software in this central computer. A web server application creates
a service on the computer it is installed that is used to listen to a specific port
for resource requests and serves those resources according to the specifications

implemented by the developer. There are many web server software products
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such as Apache, IIS, Nginx, and Lighttpd have already been used throughout
the world. Apache was found convenient for the central server created for this
study since it is known to be reliable, secure, compatible with server operating
systems which are Linux distributions and maintained by a large and devoted

community.

The webpages aforementioned are created in a similar way with the desktop ap-
plications using certain computer languages. The common feature of all web ap-
plications is that the backbone of every page of them is coded using HTML (Hy-
per Text Markup Language). If a web page was not coded directly by HTML, it
was necessarily coded by the software (like Adobe Dreamweaver) which translate
into or a computer language (like Jade) that exports in this language. HTML is
a markup language and is used to mark the content of a certain webpage. The
text areas, links, images and the other components in webpages were created
using HTML. In modern web applications an additional language called CSS
(Cascading Style Sheets) was developed in order to separate the content from
the specific appearance of the content. It is a language that is used to make
formal adjustments upon pages. This language, which was used to apply a spe-
cific view to the content marked up by HT'ML, has transformed into a de-facto
standard. The graphical interface developed within the context of this study
was created through direct HTML and CSS coding.

Apart from the codes related to marking up and shaping the content written
by HTML and CSS languages, a software running in the server hosting the
website is needed in order to save the content provided by the authorized user
in the database and prepare it for presentation. This software should be custom
developed in accordance with the requirements of the project. To develop this
part, there exist many programming languages such as Python, Perl, Ruby, and
PHP which can run server-side and are compatible with Apache. Within the
context of this study PHP is chosen. One of the most important reasons for
this choice is that it is a language that has been tested for a long time and
confirmed as reliable. Moreover, it is known that PHP runs in a compatible way
with MySQL. The main mission of the part which was developed using PHP is

to store the input obtained from the user after processing in a suitable way, to
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create a website ready for presentation by accessing to the data in the database
in accordance with the user’s demand, and to perform all these in a way that

fits to the authorization levels of users.

At the same time, JavaScript programming language was used for the functions
that should work client-side in order to provide a visually rich experience for
users. JavaScript, a language, which is the only language supported by all of

the browsers, is the only choice for such operations.

All the technology stack used in the system is shown diagrammatically in Figure

4.3.

Server Computer (Debian OS)

Client Computer
(OS Agnostic) Web Server (Apache)

EBB(?;E;CAB;OC\::;?; ( URL \ Server-Side Language
9 \ / (PHP Interpreter)

{

DB Server (MySQL)

Web Page

HTML
( Css )CJavaScnpt)j

Figure 4.3: Technology stack used in this study.

Except from all these language alternatives, software libraries and frameworks
that are created using these languages were utilized. The essential toolkits used
in this project are listed as a JavaScript library jQuery for the visual functions
that will be executed on the client-side, jQueryUI framework which contains
tools to ensure the aesthetic quality of the visual composition, the jpGraph
library which was written in PHP and is run on the server side in order to
have analytical graphics plotted in desired quality, the Asido library which was
written in PHP and is run on the server side in order to have the images loaded

by users optimized and converted into formats that are proper for storing.
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No special integrated development environment was used when developing the
graphical interface; instead, simple text editors were used. The Mercurial model
was chosen for version control and bitbucket.com provided the cloud storage

area which is suitable for this model.

The website contains more than a hundred files in .php format. Many of these
files have more than one responsibility. The resulting complexity of the system

was reduced to a minimum level by a suitable folder structure.

The pages like homepage, pages belonging to the projects and to the entities
related to the projects, pages for general functions were placed in the root di-
rectory. The root directory contains only these type of pages. /css folder was
created for the pages in .css format, which manage every type of visual elements
and /js folder was created for the files in .js format, which were created for the
functions that run client-side. /rs folder is used for the static images in the web-
site while /data folder is used for every document, image and other types of files
that belong to the input users entered. The functions created for the common
operations in the main files were stored in the /inc/custom folder being grouped
in appropriate classes due to object oriented design principles. The design of
the main files was made with a consistent method. The main files in the root
directory change their functions due to the variable indicated in the URL and in-
clude the pages having the codes belonging to the related function. For instance
the project.php page in the root directory is responsible for project manage-
ment. This page dynamically includes the project.php file in the /inc/forms
folder when the variable indicated in the URL is in add type. A symmetrical
form was followed for all other components. Just as the /inc/forms folder has
been created for addition operations, for listing operations the /inc/lists folder,
for detailed view pages the /inc/pages folder, for tree view the /inc/trees folder
were created. All of these folders have been filled symmetrically. The common
parts like the header and the footer which are used in every page are called
from /inc/htmlclient or /inc/htmleditor folders, dependent on whether the user
viewing the pages has logged in or not. A schematic representation of the file

structure of the server can be seen in Figure 4.4.
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Root Folder (Main functional pages)

/data (Files uploaded by users)

/css (Visual styling sheets) -
/experiment
/document /image
/js (Client side scripts)

/material /project

/rs (Static website images)
[signal /specimen
/rtemp (Upload helper folder) Istructuralcomponent

finc (Files included by main functional pages)

/custom (Customly created classes for various common functionalities)

/forms (Form components used to enter data by users)

/lists (Listing components used to display content in lists)

/pages (Detailed viewing pages of the content procided by users)

/trees (Tree view components to display entities in a hierarchical manner)

/htmiclient (Common elements in all pages for unprivileged clients)

/htmleditor (Common elements in all pages for privileged clients)

llibrary (External PHP libraries used for various functionalities)

Figure 4.4: Generalized schematic view of server file system structure.

In the next chapters, the parts of the graphical interface, which was developed for

the management of the components belonging to the system, will be investigated
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one by one.

4.3 Common Parts

There is a header section in every page. The links used to change the language
of the system and the navigation bar used to navigate in the system are placed

in the header. The header section is shown in Figure 4.5.

l Basan inga Eder ™
MIODLE EAST TECHNICAL UNIVERSITY Building for Success

CIVIL ENGINEERING

Welcome to Structural Engineering Experimental Database

Project: Ozcan2008 Materials Specimens Configurations Experiments Signals

Figure 4.5: Common header part of the web application.

The structure and the content of the navigation bar changes depending upon
whether the user has signed in to the system or has opened a project or not.
While the users who have not signed in to the system can only see the links
that are used in order to view the content, the links showing the pages that can
add data are located separately for the users who have signed in. The change in
header bar for privileged and unprivileged users is depicted in Figure 4.6. and

Figure 4.7. respectively.

Project: Yilmaz2001 Materials Specimens Configurations Experiments Signals

List experiments

Figure 4.6: Navigation bar view for unprivileged users.

Also, before a project is chosen, there are only the links related to the system
in general and laboratory management in the navigation bar; however, once a
project is chosen the links in the navigation bar are changed so that the user
can view the entities related to the project. These versions of the navigation

bar is shown in Figure 4.8. and Figure 4.9. This type of design provides access
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Project: Yimaz2oo Materials Specimens Configurations Experimants Signals

List experiments
Add experiment

Figure 4.7: Navigation bar view for privileged users.

to the whole system with a single navigation bar.

Homepage Projects Pecple Laboratory equipment

Figure 4.8: Navigation bar view before a project is chosen.

Project: Acun2010 Materials Specimens Configurations Experiments Signals

Figure 4.9: Navigation bar view after a project is chosen.

The sections in the page’s content, on the other hand, are separated from each
other by using visual frames. This frame structure is a generic structure which
is used to group and separate all the content in the website. Additionally,
these frames have been adjusted to behave like an accordion to avoid the visual
complexity. By this means, users can close the other contents when they want
to focus on a specific content in a specific page. A sample frame showing the

accordion structure can be seen in Figure 4.10.

Apart from these, all of the elements in the page with similar functions have
been applied a similar visual design. The elements such as buttons, links, input
boxes, forms does not change visually based on pages. Such elements are used
in a common structure as far as possible because they accelerate the process of

being accustomed to the system.
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Signup

Login

Username: | |

Password: | |

Login

Figure 4.10: Generic frame structure to contain specific content or functionality.

4.4 Homepage

The homepage of the interface is created by the file named index.php which is

located in the root directory of the server.

The search section is located in the top left region of the homepage. With
the help of this section, users can search the projects, experiments, specimens,
materials or people against a keyword. The search results are shown in another
page. This section is available to make a number of improvements and it can
even be the case that it can be moved to another page specifically tailored to
implement the search functionality. An advanced version of this section has not

been implemented within the context of this project.

In the top right on this page there are the forms which are used to request mem-
bership and sign in. Users can request for membership by filling the membership
form. If the system administrator approves these requests, these users can sign
in the system using log in form. The users are identified with a user name and

password pair.

In the middle of this page, there is a list of projects that have been entered in
the system in alphabetical order. The users that have not yet been signed in
can only view the projects in which the privacy value is set as PUBLIC. The

users that have signed in can view both the projects belonging to their institutes
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whose privacy is set as PRIVATE and the projects belonging to institutes that
identified themselves as PARTNER. When any of these projects is clicked on,
this means a project is chosen system wide and the user is directed to the project
information page. Moreover, the links in the navigation bar are set to target to
the pages related to the project components and a release button to turn back

to the homepage is added.

Main components of homepage can be seen in Figure 4.11.

Search Signup

Keyword: ‘ Login

Search in: Projects Username: ‘ ‘
Experimenis
Password: | |
Materials
Specimens Login
People
Search
All prejects
Acronym Title Status Privacy
Acun2010 & Energy Based Seismic Performance Assessment of RC Columns FINISHED PUBLIC
Altin1990 & Strengthening of RC Frames with RC Infills FINISHED PUBLIC
Ozcan2008 & Improving Ductility and Shear Capacity of RC Columns with Carbon Fiber FINISHED PUBLIC
Reinforced Polymer
Ozkok2010 @ Seismic Upgrade of Deficient RC Frames Using External Systems FINISHED PUBLIC
Oztug1994 & Seismic Performance and Improvement of an External Precast Concrete FINISHED PUBLIC

Connection

Figure 4.11: Main components of homepage.

4.5 Project Pages

The procedures related to the projects are carried on through the project.php
page. The function of this page is changeable depending on the variable in
the URL. When a project in the project list is clicked on, the page where the
information and the documents about the project are viewed can be accessed.
The links on the navigation bar change to reference to the components belonging
to the project once a project page is opened. At the same time, a button which
is used in order to turn back to the home page is located on the navigation bar

releasing this project.
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When there is no chosen project, a person with sufficient privileges can have
access to the project adding link located on the navigation bar. A project can
be added by filling the sections for the data which are specific to the project
mentioned in the database topic. Project addition form is shown in Figure 4.12.
to be an example to show all addition forms since they are extremely similar.
The added projects take place in the project list without additional approval.

Project listing component is placed on homepage and can be seen in Figure 4.11.

Add new project

Project Title

Acronym

Project Starting Date (YYYY-MM-DD)

Project Ending Date (YYYY-MM-DD)

Description

5

Project document type: [ Preiiminary v

hrojectoecumentfile: | Dosya Se¢ | Dosya segimedi ‘

status [New v

Funding Organization ( |

BrojectMainipocus | Structural performance v |

Add Project

Figure 4.12: Sample for all addition forms.

The details such as the title of the project, the acronym of the project, related
dates, and the main focus of the project are indicated in the project details view-
ing page. The users with sufficient privileges can directly edit these properties
on this page. The users with sufficient privileges to delete the projects see a
delete icon by the projects in the project listing page. Project details viewing

component can be seen in Figure 4.13.

4.6 Material Pages

The operations belonging to the materials are made through the material.php

page. The function of this page is changed depending on the variable in the
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Project information

Title: An Investigation and Development of Performance Based Assessment and Retrofit Technigues for New Generation
Earthquake Codes

Acronym: TUBITAK108G04

Starting date: 2010-02-15

Ending date: 2013-06-15

Creation date: 2013-06-13 23:43°50

Funding organization: TUBITAK

Status: IN PROGRESS

Privacy: PUBLIC

Main focus: Structural performance

Keywords: Experiment , Psd

Description: The research outlined in this proposal focuses on the consistency of different seismic performance assessment techniques

and strengthening methodologies proposed for existing buildings. their applicability in the practice, and their conformity to
the procedures employed in the technical guidelines of other earihquake prone countries. The first phase of the proposed
experimential research studies is on the experimental verification of performance acceptance criteria stated in the Turkish
Seismic Code for different structural componenis. The aim of the second phase of experimental research is to develop the
most efiicient and feasible strengthening methods for especially the school buildings. This study uses the pseudo-dynamic
testing system which has been developed in the Structural Mechanics Laboratory of the Middle East Technical University.

Figure 4.13: Sample for all detailed view components.

URL. The list of the materials which are identified as belonging to the project
is available on the page which was accessed through the material list link after
the project is chosen. A user with sufficient privileges sees an icon near the

materials in the list that can be used to delete the material nearby.

The form page which is used in order to add a specific material has a dynamical
structure. It was mentioned before that the materials have a variety and an
uncertain number of properties. A small form, including input boxes for all at-
tributes of the properties constitute the material, is added to the page through
a button in the material addition form. The user can add the actual or nominal
properties via this small form. The user can submit the whole form when the
main form and small property forms has been filled with relevant data. In Figure
4.14., material addition form is given to be an example for all expandable addi-
tion forms. By this means, the material becomes added to the chosen project.
This material which has been added is viewed simultaneously in the material
list page. When a material on the material list is clicked on, a page is opened
where all the information and the actual and nominal properties of the material
are present. The material properties on this page can directly be edited by a

user with sufficient privileges.
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Add material

Material name: [ || Add material property

Mstetialidocumsnt | Dosya Seg¢ | Dosya secilmedi |

Property name: ‘ ‘

Property type: | Nominal 7]

Property value: ‘ ‘

Property unit: ‘ ‘

(PO et ‘ Dosya Se¢ | Dosya secimedi ‘

Observations:

Add Material

Figure 4.14: Sample for all expandable addition forms.

4.7 Specimen and Structural Component Pages

The operations of specimens are made on the specimen.php while the operations
of structural components are made on the structuralcomponent.php pages. Both

of these pages change their functionalities according to the variable declared in

URL.

As it was mentioned before, there is a hierarchical order amongst the materials,
the structural components and the specimens belonging to a project. In order
to view and manage this hierarchy easily, a visual specimen tree has been de-
signed. This specimen tree is viewed on the left side of all the pages belonging
to the specimens and the structural components. Specimens are located in the
top level of the specimen tree. Under each specimen there exist the structural
components that constitute them. Similarly, the materials that constitute the
structural components are listed under every structural component. All of the
specimens and entities related to these specimens in the project are easily acces-
sible through this tree. The users, having sufficient privileges are able to directly
add a component to any level in the hierarchy through this tree. Tree view of

specimens, structural components and materials is exemplified in Figure 4.15.
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Specimen tree

+ Add New Specimen

REFERENCE

+ Add New Structural Component
REFERENCE

+ Add New Material
High-strength concrete

Longitudinal reinforcement diameter
14mm

D8-120

+ Add New Structural Component
D8-120

+ Add New Material
High-strength concrete2

Longitudinal reinforcement diameter
14mm

Lateral reinforcement diameter 8mm

Figure 4.15: Sample for all tree views.

The reason why the materials have been created separately and formerly, is that
a material can be used in a number of structural components. However, the
structural components can only be used in a specific specimen. FEven if the
same structural component will be used in two different specimens, they should
be identified as two distinct structural components. The reason for this was

explained in detail in the previous sections.

Specimens are identified before their components. A specimen can be created
by filling the input with the properties specific to the specimen. This specimen
that has been created is located both in the specimen list and in the specimen
tree. The information added can be viewed in the specimen details page by users

with the necessary permission.
In order to add a certain structural component, first the specimen to which this
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structural component belongs should be identified. Then a structural compo-
nent can be added to the system using the link in the navigation bar or the link
located under the specimen in the specimen tree to which it belongs. Structural
components can be added with the information and documents that are related
to it and choosing the specimen which it belongs to. The materials that con-
stitute a structural component are not added during the identification process
of a structural component. A link appears in the specimen tree, under each
structural component, to associate a material after a structural component has

been created.

The specimens and structural components can be edited and deleted through

the list and detail view pages by a privileged user, like the other components.

4.8 Device Configuration Pages

The operations related to the loading and sensor devices are made on the device-
configuration.php and sensorconfiguration.php pages. The device configurations,
as is known, belong to the projects. However, the devices that constitute the

device configurations are identified throughout the laboratory.

The operation of adding a specific device configuration is made in the similar
way of material adding operation. The device configuration insertion operation
is made via a page containing a form consisting of input boxes for the name of
the configuration and a brief description of the configuration. In this form there
is a button which is to add a device to the configuration. When this button is
clicked on, a select box is added to the form. If the configuration is a sensor
device configuration, except from the select box, the input boxes are viewed
which are also used in order to indicate the location and the direction of the
sensor device. These additional forms are filled up with the devices located in
the laboratory. The user can choose a device through these boxes. In order to
add more devices, it is necessary to add more boxes. After all the devices are

identified in this way, the device configuration can be added to the system.

Then, clicking on the items on the pages belonging to the created configurations,
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the related configuration page can be accessed. On the page of the related
configuration the information about the configuration and the list of the devices
constituting it are available. The devices located here contain a link referencing
to the device pages. By this means, more detailed information about the related

device can be reached.

Another important detail is that when the configurations of the sensor devices
are added the order of the sensor devices should be in accordance with the order
of the signals that are to be obtained. Because, the system matches each signal
in the signal groups that have been added with a sensor device located in the
sensor device configuration, in order to simplify the user’s work. This matching
is done with the presupposition that they are sorted in the same way. The details
about introducing the sensor devices and the sensor groups to the system are

given in the next sections.

The deleting and editing operations of these configurations are the same with it

was mentioned in the all other entities.

4.9 Experiment Pages

The operations related to the experiments are made through experiment.php
page. This page, like many others, changes its function depending on a variable

in the URL.

In the left side of the experiment page the experiment tree is located. The pur-
pose of this tree view is to locate the experiments under the specimens. This tree
view is viewed exactly the same in all the pages related to the experiments and
shows all the specimens in the chosen project and all the experiments belonging

to them.

As it was stated before, more than one experiment can be identified through a
specific specimen. Since the experiments are directly belonging to a specimen,
the related specimen should be identified beforehand so that the experiment can

be added. Additionally, since every experiment is carried out with a certain
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loading and device configuration these configurations should be added formerly.

When these primary conditions are provided a privileged user can add experi-
ments. In order to add an experiment, the form created for information about
the experiment such as the name, date, category should be filled. Since there is
a high possibility that there might be more than one image file belonging to an
experiment there exist image file addition boxes that can be expanded dynam-
ically. Users can add as many images as they want to the experiment through
this form. While filling this form, the related specimen and loading and sensor
configurations should be specified. Once this operation is completed that means
the experiment is completed also and is located in the experiment list. The

experiment is also added to the tree view located under the related specimen.

After the creation of a specific experiment all information, documents and im-
ages about the experiment, the specimen to which the experiment belongs, the
configurations by which the experiment has been conducted can be viewed when
the view page of the experiment is navigated. Since all of the entities mentioned
here are indicated as links, the detail pages belonging to these entities can be
accessed directly by clicking on. At this stage the signals that are the important
parts of the experiment cannot be viewed since they are not added already. The
reason that they are not added to the system is that the addition of the loading
and sensor signals is a complex operation. It is decided that these operations
will be completed later in a separate process. The signals obtained after these
operations can be added to a chosen experiment. In other words, the experiment
entry operation cannot be completed just filling the experiment entry form. It

is completed after the signals are added.

An experiment can be deleted and its properties can be edited through the list

and details pages, as it was the case in the other components.

4.10 Loading and Response Signal Pages

The operations that are necessary to create and view the loading and sensor

signals belonging to the experiments are made through the loading signal.php,
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response _signal.php and signal group.php pages. All of these pages can change

their functions depending on the variables in URL.

Identifying the loading signals and attaching them to the experiments are simple
operations. A file containing the time and force vectors of the signal, along with
the information and documents belonging to the signal, should be indicated in
the form while a loading signal is added. The format of this vector file has been
strictly specified. It is obligatory for this file to be in .csv format. The content
of the file should be composed of two columns and each value in each column
should be separated by a semi-colon. The first column signifies time axis while
the second column signifies the corresponding forces. The units of the axis are
indicated through the input boxes that are also located in the form. While the
loading signals are entered, the device configuration that applies this loading
is not indicated also because this configuration has already been related when
the experiment which the signal will be associated with was entered. All of the
loading signals are listed on a listing page. All information, documents and a
loading signal belonging to the signal that has been chosen from the list are
available on a detailed view page. Moreover, based on the data in the file which
indicates the signal vectors, a signal graph is plotted and it is viewed on the

signal details page.

After the loading signals are entered in this way, they are associated with the
experiment through the “Attach loading signals to experiments” link which is
located on the navigation bar. When the related experiment’s page is navigated
after this attachment is done, the files of the vectors belonging to the system
and the vectors in the scatter graph form can be viewed. A sample plot of a

loading signal is shown in Figure 4.16.

The sensor signals can be added to the system after a more complex procedure.
It was mentioned earlier that the response signals, obtained after an experiment,
are many in number and obtained as groups. Moreover, the time axis of these
signals is common to all. Since it would be a long and exhausting procedure to
add these signals one by one to the experiments, paying attention to the user

experience, it is decided that they will be entered at the same time. Therefore,
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Figure 4.16: Sample plot for an experiment loading signal.

as it was explained before, the database and the graphical user interface has

been designed in accordance with that fact.

In order to enter the response signals, the groups belonging to the response
signals should be created in advance. The name and whether the common axis
of all signals in the group is in the type of time or ID are indicated in the form
that is used to create a signal group. The same user adds as many small forms
as the signals in the group to the main form. The properties such as the label,
the unit, privacy and type of the signal that is to be added are indicated in each
small form. The order of these forms should be the same with the order in the
file which contains the response signals obtained. By this means, after a signal

group is added it becomes accessible from the signal groups list.

Afterwards, another form is used in order to add the signals belonging to that
group. In this form, the signal group to which the signals that are to be added
and the experiment to which these signals belong are indicated. Finally, the file
containing the signals is entered to the form. The format of the file containing
the signals has been strictly designed. The format of this file must be .csv. The

first column in the file should indicate the vector belonging to the common axis
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of the signals. Later, all the signals should be in the order which was stated in
the signal group as separate columns. All of the columns should be separated

with a semi-colon.

After these operations are completed, all of the signals in the signal group can
be listed separately in the page where the response signals are listed. The signal
graph, as automatically plotted, is located along with the information about the

signal on the detail page of any signal.

Once these operations are completed, the operation of entering a specific experi-
ment is completed also. It is possible to see that the plotted response signals are
located on the experiment page when any experiment detail page is navigated
back. Since there are a number of response signal belonging to an experiment,
they are not plotted separately in order to keep the experiment page in accept-
able size. Instead, a single scatter graph used to present all of the response
signals is included. Under this graph a form is located which provides users to
have any signal plotted according to time or to any other signal. The first box in
this form signifies the vector that will correspond to the X axis while the second
box signifies the vector that will correspond to the Y axis of the graph. After
the users make their decision, they can have the graph plotted by clicking on
the “Redraw” button without refreshing the page. This functionality is shown
in Figure 4.17.

The raw data files belonging to the loading and response signals are also acces-

sible on the experiment details pages.

Deleting and editing operations of the loading and response signals are hidden
on the listing and detail viewing pages, like the other entities. A privileged user

can see and use these icons.

4.11 EDF and Connection with SERIES

Exchange data format is a special format developed in the scope of distributed

database studies conducted in the SERIES project. The purpose of this format
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Figure 4.17: Sample plot for an experiment response signal.

is to develop a common interface for all the data that is distributed amongst
many local databases created in different institutions in Europe. So that any
partner in the SERIES project can have access to any other partner’s data,
provided that, access is not restricted to a different group of users. [24] General

idea of SERIES network is shown in Figure 4.18.

It is known that, there are many ways to store the data related to an earthquake
engineering study. Each implementation needs its own custom user interface to
enter, manipulate or view data. Sharing data that are belonging to different
databases can only be made via raw data. Since each raw data is structured in
a unique way, it is very hard for any institution to view or improve this data
in a meaningful manner. Exchange data format is a specification that defines
an intermediate data format, so that all partner institutions can convert their
own data to this intermediate data format or convert any data defined in that
format to their own format. So that, institutions can view and improve other
institutions’ data in this way. As a result, a common knowledge database is

established. [24] 1]
The structure of the database that is developed in the context of this project
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Figure 4.18: Schematic representation of SERIES network.

is very similar to the structure defined in exchange data format. Projects are
defined at the top level of the data hierarchy. Specimens are tied to the projects.

Experiments belong the specimens and finally signals are attached to the exper-

iments.

Since both structures are very similar, it was very easy to implement converters.
All converters are written in database level and local users of the system do not
need to explicitly convert the data in the database, they are implicitly converted
to the scheme of the exchange data format. The database user defined for the

series central server directly accesses to the converted data scheme.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Overview

In this study, a system consisting of a database, web-based graphical user inter-
face and some auxiliary components related with these parts are implemented
in order to store and share structural and earthquake engineering experimental
data. In the forthcoming section, the results and outcomes including solutions
developed to overcome certain difficulties of this study will be discussed. Then
the restrictions and limitations of the system will be mentioned. Lastly, possible

improvements that can be done to the system will be suggested.

5.2 Discussion of Results

Currently the design and implementation of all the core requirements of the
system is completed. At the end, it is seen that an SQL based database and
a web-based graphical user interface is perfectly adequate to implement such
a system. The specific choices on the database and web technologies, namely,
MySQL and PHP played well with each other in a Linux environment. It is
reported that the EDF export of the system is working well from the partners
in the SERIES project.

At present, the system contains enough number of projects and related entities
to evaluate all the aspects of the system. From a performance point of view,

the whole system can operate on a single mid-class server computer which is not
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dedicated to this system alone.

Although the database consists of 93 tables, it is observed that even the people
with no special training are able to enter data since the design of the graphical
interface is intuitive and minimal. This utility has been provided by using
visual elements commonly and a navigation bar that can change its shape and
content depending on the state. In addition, since the order of the links on the
navigation bar and order of the operations that should be completed to enter
the data of a project are the same, a wizard-like structure has been created.
Another factor which affects users’ experience positively is that the hierarchy
between specimens, structural components, materials, and the hierarchy between

specimens and experiments are managed by tree views.

It should be noted that, users who use the system in the viewing level easily
get accustomed to the other operations, which require privileges since the data
viewing and the addition/deletion/update operations are implemented on the
same screens. That type of interface, which allowed developers to design both
the viewing pages and manipulation pages at the same time, also accelerated

the developing process.

Special attention should be paid to the introduction of structural components
and formation of response signal groups. These facilities are the most consider-
able differences between the databases developed in this study and developed in
the study carried out in the scope of the SERIES project. The introduction of
the structural components made it easier to enter the specimens that are com-
plex and the specimens that have a number of the same components. Also the
response signals have been grouped and matched with the sensor device con-
figurations; therefore, attaching signals to the experiments, the operation that
requires much more time compared to the other operations, while entering data
to the database took much lesser time than which was suggested by the system

developed in the SERIES project.
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5.3 Restrictions of the System

Although the system in general works without problems in accordance with the
requirement specifications, it also has some restrictions and limitations that are

caused by whether the current status of technology or the system design itself.

First of all, the .csv format, in which the data belonging to the signals, has
been strictly identified. Although the researchers obtain the experiment data
generally in groups, in some circumstances, these data are obtained unorganized.
Some data, on the other hand, might not be separated in columns; although,
they are recorded in groups. Because of the strict CVS format requirement of the
system, it may be necessary to make adjustments on the format of the obtained
experiment data in some circumstances. The algorithm which parses the .csv
files could have been implemented in a more flexible way and these problems
could have been solved; however, based on the scope of the study there found

no need for such an advancement at this stage.

Although the server computer that hosts the system is enough by itself with
respect to the performance, it is important to keep another server computer in
reserve for the sake of the persistence of the system. Although a storage server
is used and the system is backed up to external hard disks with regular intervals
in order to avoid data loss in the current implementation, any malfunction in
the server computer means that the system will stop running. Although there
has been no malfunctioning until now, the existence of a redundant server could
have quenched that concern. Preparing a redundant server to keep in reserve is

a simple job; however, there has been no attempt to this so far.

Although, the only limit for the documents, images, videos and files in other
types that are added to the entities is the storage capacity, there is an additional
size limitation for file uploads which is forced by the PHP language in which the
graphical interface has been implemented. This limit has been increased to 32
MB by the developers and it is now possible to upload many files. However, it
might be the case to exceed this limit especially when adding the video files. At

this point, the system developers suggest to upload the video files that are larger
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than this size to another video server and to save references on the system.

Since the database that has been developed within the scope of the study is
going to run in the Structural Mechanics Laboratory of METU Civil Engineering
Department, it has been assumed that the entities in the laboratory belong to
this laboratory only. Even if the system would have been copied as a whole and
run having the same properties, it would be possible to provide service to every
laboratory with a single application which runs in a single server. The current
state of the system requires a separate server for each laboratory to make use of
the same system because a single application can be used by only one laboratory.

This means there are more than one application that need maintenance.

5.4 Possible Improvements

A number of features which are considered to be included in the system have not
been passed over during the system design and the system has been designed in
accordance with the possible enhancements. First of all, although the graphical
interface has been implemented in accordance with the desired fundamental data
which belong to all of the components, the graphical user interface can easily
be developed if there will be any need to add more detailed data. Since the
relations, especially inter-components relations, are kept in separate tables as
far as possible, a number of one-to-one relations in the current graphical user
interface can be turned into one-to-many or many-to-many relations without

any change in the database.

Although the presentation of the graphical interface is sufficient for the current
needs, a sort of PDF exporter can be developed to provide offline use of the data
in the system. By this means, researchers can take the detailed reports of the
project and components they want from the system, and use and share them in

other media or mediums.

The search feature of the system supports the search operations in fundamental
level. Since the database design is based on relations, the search function can

be further developed.
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