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Abstract

With each passing day, catastrophe risk for urban regions of the world is
increasing. One of these catastrophes is the earthquake and recent events in
Northridge and Kobe were typical examples of what can happen when a
major earthquake strikes directly under a densely populated area. Mega cit-
ies created by the rapid urbanization and development in unsafe areas led
to far greater losses experienced in the past. In order to reduce the property
losses after an earthquake a quick repair process is a major task. This proc-
ess must be based on detailed plans for rebuilding or strengthening proce-
dures of the buildings. The major damage loss is caused by earthquakes.

Geodetic science plays an important role in the earthquake research. By
means of long-term measurement, deformations caused by the breakage of
the earth crust caused by the moving plates can be examined. Photogram-
metry and Information System techniques are new tools in the earthquake
research. Terrestrial photogrammetric methods have been used for the first
time to document the damages after an earthquake in Friaul, Italy. There
are many attempts to use photogrammetry, remote sensing and information
sciences in the earthquake damaged areas. Some of them are related with
the earthquake prediction, long and short term, some of them is related to
the damage recording and assessment. A similar study to this research is
the work after the Kobe earthquake.

In all these studies they claim of data collection as well as before or af-
ter an earthquake. Earlier earthquakes revealed problems in the processes
of documenting and analyzing the building damage that occurred due to
earthquake disasters which demanded much effort in terms of time and
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man power. The main difficulties appeared because analogue damage as-
sessments created a great variety of unstructured information that had to be
put in a line to allow further analysis. Apart from that, documentation of
damage effects was not detailed and could only be carried out on the spot
of a disaster.

1 Introduction

With each passing day, catastrophe risk for urban regions of the world is
increasing. One of these catastrophes is the earthquake and recent events in
Northridge and Kobe were typical examples of what can happen when a
major earthquake strikes directly under a densely populated area. Megaci-
ties created by the rapid urbanization and development in unsafe areas led
to far greater losses experienced in the past. In order to reduce the property
losses after an earthquake a quick repair process is a major task. This proc-
ess must be based on detailed plans for rebuilding or strengthening proce-
dures of the buildings. The aim of this paper is to present a different ap-
proach in the monitoring, documentation and analyze the damages in the
buildings after an earthquake. At the end an example of using remotely
sensed data in an earthquake is also given.

2 Photogrammetry and GIS in the Earthquake Research

Geodetic science plays an important role in the earthquake research. By
means of long-term measurement, deformations caused by the breakage of
the earth crust caused by the moving plates can be examined. Photogram-
metry and Information System techniques are new tools in the earthquake
research. Terrestrial photogrammetric methods have been used for the first
time to document the damages after an earthquake in Friaul, Italy (Fo-
ramitti, 1980). A similar study to this research is the work after the Kobe
earthquake (Kiremidjan and King, 1995). In this study they declare that the
information system is an essential tool in the earthquake research.

They evaluate the damages of the building by using their own computer
program developed in the 80’s for a research project in Zagrep University
(Anicic and Radic, 1990). The use of an expert system for the evaluation
of earthquake damages based on expert systems using evaluation tables is
research currently under investigation (Papnoni, Tazir and Gavarini, 1989).
The research work at Karlsruhe University "Strong Earthquake", Germany,
sponsored by the German Science Foundation (DFG) use data acquired at
a smaller scale.
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3 Data Aquisition by Photogrammetry

Photogrammetry is an efficient tool in monitoring of spatial objects with
respect to location, form and shape. Its main advantage to other measuring
techniques lies in the fact that the measurement is done on the images and
indirect measuring possibility opens the users of this method a wide range
of application possibilities. So the recorded images contain a great extend
of information so that many of the detailed acquisition of deformation can
be done afterwards. To establish the deformation of a building from its
complex details, three-dimensional coordinates of characteristic points re-
lated to the structure of the building must be known. In order to measure
them, these points must be projected at least in two images.

With known camera calibration parameters (interior orientation pa-
rameters) the unknown 3D-object coordinates (XYZ) can be computed by
measuring their image coordinates of the object (in this case of the build-
ing) points. Their values can be determined with an adjustment procedure
(bundle adjustment). The faulty measurements will be eliminated by this
way and a precise measuring capability can be reached. In order to relate
the determined XYZ coordinates to an overall coordinate system, control
points with known coordinates are used.

Today in addition to so called classical, analog ways of photogrammet-
ric data handling, digital methods are also used. This enables an automa-
tion of data processing by means of image analysis and matching tech-
niques. In this context 3D-object reconstruction techniques, classification
or image detection and their integration into a deformation analysis proce-
dure using information system technology can also be used.
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Fig. 1. General case photogrammetric data acquisition
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Fig. 2. Data flow in photogrammetric evaluation process

In order to determine the deformation of a building as a whole system,
the 3D-shape of building must be reconstructed. This reconstruction pro-
cedure must be based on the determined coordinate of the building charac-
teristic points. As the damaged buildings after an earthquake is a potential
danger for the investigators and also passengers the first determination
must be based on the points on the facade of the building.

Secondly no prior measurements of these buildings are available in or-
der to relate the deformed values to. In this investigation the following way
was chosen. At least two plumb lines hanging down on the facade of the
building define a vertical plane. Based on the assumptions that the lowest
points of the building can be considered stable, and the facade is build, as
in most cases, vertically, all deviations can be related to this vertical plane
and to the coordinate system, which can be defined for the specific case
(see Kiiliir, 1998).

Fig. 3. Digital photo of the damaged schoolhouse obtained by KODAK DCS 200
and plumb lines used as scale information
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This approach allows a quick documentation. Using the digital technol-
ogy, the photographic processing has disappeared and on line registration
can be used. In the research work a digital camera by KODAK (DCS 200)
has been used. This allows to load the pictures directly to the laptop com-
puter at site and to begin immediately with the processing of the gained
data. The damaged high school building in DINAR was photographed with
this camera. The processing and evaluation of the images was done with a
photogrammetric software package PICTRAN (Schewe, 1995). The result
is the coordinates of the characteristic points defining the movement of the
building. These characteristic points are on the 11 different axes of the
high-school building. They are also chosen on the heights of the stories of
the building (in this case 4). So by means of axes and stories as quasi-
heights, a systematic grid is placed on the facade of the building.

From these coordinates displacement values are calculated according to
the following formulas;

Relative Height Differences: Hy(i) = Z(i) — Z(i-1)

Absolute Depth Differences: D,(i) = Y(i) — Y(1)

Relative Depth Differences: D/(i) = Y(i) — Y(i-1)
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Fig. 4. Deviations from the vertical plane

The relative displacement in one direction of two overlaying stories is
calculated from their displacement values as;
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Ai=d;-diy

where d; and d;; are the displacements of a column in i. and i-1. story.
If we denote with h; the height of these two adjacent stories, then the rela-
tive displacements of the point in question must be compared with two
maximum values calculated as;

(A)max / hi £0.0035

(A)max / 1 £0.02 /R

Here the coefficient R is the load reduction factor of the building with
respect to the structural system and natural response coefficient of the
building.

4 Information Systems and Query (Analysis)

Geographic Information Systems (GIS) consist of computer hardware,
software and geographic data. They are designed to efficiently capture,
store, update, manipulate and display all forms of geographically refer-
enced information (Bill and Fritsch, 1991). Spatial data is obtained in digi-
tal form, rearranged, analyzed according to several querying parameters
and later presented in the form of either alphanumeric or graphical dis-
plays. Information systems can compile a great number of descriptive and
geometric data, which is stored in a database.

The units in the geographic information systems are objects, which can
be described by quantitative and qualitative components. Here the men-
tioned object should be regarded as a unit that exists in nature and that can
be categorized geographically, physically and descriptively. Location and
shapes of three-dimensional objects are defined as units with single mean-
ing determined by point coordinates.

As mentioned above, a geographic information system differs from
CAD or AM/AF systems in the joint management and administration of its
geometric and thematic data. These thematic data are called as attributes.
Objects are grouped according to their common characteristics or attrib-
utes. The data can be acquired by any kind of measurement technique, eg.
geodetic and photogrammetric measurement techniques, digitiser, scanner,
CCD-cameras and satellite images.

4.1 Linking Photogrammetry and Information Systems

The main goal of the research project is the combination of the two meth-
ods described in the foregoing paragraphs. After the acquisition of the
geometric deformations with photogrammetric methods, this information
has to be analyzed. Based on this analysis different conclusions can be
drawn, e.g. Evaluations concerning the stability of the building, decisions,
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whether it can be rebuilt or sold are torn down. Such decisions depend on
many factors. An information system can provide an easy access to the
stored data. In order to store the data efficiently and allow the access to it,
a data model has to be established. To this end, the damage assessment
sheets of the ITU, as well as international coding schemes have been ana-
lyzed. Based on this study, a detailed data model has been put up, includ-
ing the structural and damage related aspects of several building types
(Volz, 1998). This model has been implemented in the GIS-product Arc-
View. Using the programming language Avenue, some of the analysis pro-
cedures could be automated; e.g. the determination of damage degrees.
These functions help to accelerate the analysis considerably.
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Fig. 5. The object levels of data model according to the object class principle

4.2 Description of the Methods Used in Earthquake Damage
Acquisition and Analysis

The method used in Dinar for the purpose of damage acquisition is devel-
oped by a joint research of the Department of Civil Engineering of the
Middle East University in Ankara and the “ITU” working group “Earth-
quake Engineering”. This concept is developed upon request of the Minis-
try of Building and Housing. Basically the acquisition consists of different
parts, which was grouped later on for a building. The main part of this
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damage report is the “report”, where all important information, attributes
for building description, damage acquisition and analysis, are listed.

The total damage description is divided in different components. Be-
sides analyzing the damage for building in discussion, the building condi-
tion in a case of an earthquake is also considered. The geotechnical proper-
ties of the ground degree of the settlement of the basement are also
considered. The essential description of the building is done by means of
object class principle. The objects are described in different hierarchical
level, by means of geometrical and semantically data see Figure 6.

The highest level of object class is the building itself, which consists of
construction elements, objects of the second level. At these construction
elements one can observe damage marks, e.g. cracks which are the ele-
ments of a further level. The structuring of the data within the GIS-
products Arc-VIEW is done in form of tables, which was constructed by
means of the relational database dBase.
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Fig. 6. The “Query-Builder” in ArcVIEW

The input of data was realized by forms in MS Access. It was made
easy by means of default values. Figure 6 shows such a form. There a
question of buildings of the type “reinforced concrete whose damage
points exceed 19 is listed.
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4.3 Data Acquisition by means of Remote Sensing

One of the major problems in Earthquake research is to predict and timely
warn these natural catastrophes. Earthquake prediction by existing ground
based facilities are not fully reliable and the recent unpredicted earth-
quakes in the last years (Iran, Morocco, Turkey) point the need for scien-
tific progress in solving this problem and in employing additional evidence
for earthquake prediction. Russian scientists and engineers have recently
proposed the concept of a geo-space system for prediction and monitoring
earthquakes and other natural and man-made catastrophes, which is based
on a system capable of monitoring precursors of earthquakes in the iono-
sphere and magnetosphere of the Earth and using these precursors to make
short-term forecast of Earthquakes.
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Fig. 7. Seismo-ionospheric coupling model schematic presentation (Sergey, 2004)

The colleagues from Russia are investigating in recent research projects
the interaction between ionosphere’s F layer variations and different varia-
tions occurring in circumterrestrial environment (atmosphere, ionosphere
and magnetosphere) associated with seismic activity, and detected by
means of ground base and satellite monitoring. They proclaim that the ob-
tained results lead that the inospheric precursors of Earthquakes are really
existing phenomena and the developed procedures for their detection offer
a possibility of their practical utilization in systems for warning earth-
quakes and for making short term forecasts. (Sergey, 2003).
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4.4 Analysis by means of GIS

The essential part of a GIS is its analyzing capability. The fundamental
analyzing methods are used in selection of objects according of typical de-
scriptive or spatial criteria, their aggregation, etc. So one can easily define
and locate all buildings with definite damage descriptions and this can be
very helpful for possible repair process.

Starting from the sample data, the first item was to design a concept for
the automatic damage analysis and assessment. This was done for the con-
struction element “reinforced concrete column”. Basically the damage ana-
lysis must start from the lowest object level, as the damage of an upper
level element has to be calculated from the sum of investigated levels, at
first. A single crack can be described by many parameters like, length,
width, trajectory, position etc. According to these parameter values, the
crack influences the damage grade of the specific element. For the total as-
sessment of one element, other damage indicators must also be considered.
In case of a column, besides the investigation of the cracks, the deflection
of the column from vertical line, the visibility of the steel reinforcement or
the falling off the concrete mantle should be investigated. After the con-
sideration of all these parameters the damage grade of a column can be
calculated. After the completion of the damage grades (e.g. “Without dam-
age”, “slight damage”, “middle damage” and “strong damage”) for all the
construction elements the total damage grade of a building can be calcu-
lated. This procedure reflects the basic idea of the damage determination
used in earthquake analysis.

5 Conclusions

The documentation and analysis method explained in the above paragraphs
reflect the results of a short-term study. In the preliminary evaluations so
far made, the results displayed great differences from the manually ob-
tained ones. In the current prototype, the building model is very detailed -
further investigations have to focus on a thorough investigation of this data
model in order to point out ways to accelerate the acquisition process. In
general the use of an information system allows for the integrated docu-
mentation and analysis of earthquake damages and can be extended for a
wider use as a catastrophe management system in general.

The main problem for further investigation is the acquisition of detailed
object geometry by means of photogrammetric methods. In order to accel-
erate this procedure there exist appropriate tools. For instance the use of
exemplary model in digital form for specific building types and to com-
plete it by individual damage attributes has to be investigated. The comple-
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tion of photogrammetric acquisition could lead to an automatic object ex-
traction so that the digitization effort can be minimized.

In this preliminary work the marking of control points on the facade as
hanging plumb lines with weights was a job with some risks. In further
study these hanging down from the windows of the building should be re-
placed by mobile control-point systems.

Another very important and useful application could be the “Compass-
Vulcan Program” for creation of space-born systems providing short-term
prognosis of natural and man-maid catastrophes, including earthquake
forecasting. For this purpose the combined efforts not only the interest of
the scientist’s also international programs are necessary.
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