EARTHQUAKE LOSS ESTIMATION SOFTWARE DEVELOPMENT FOR
ISTANBUL

(HAZTURK)

1. Goal of the Project and Summary

The aim of the project is to develop a tool to secure Turkey’s communities, businesses,
housing and infrastructure from earthquake disasters. The new tool for Turkey will
comprehensively address all aspects of risk assessment and provide “out of the box” analysis
with a default database. The tool has been developed, implemented and kept current as a
demonstration project followed by either staged or full development is proposed as the most
effective approach.

The new tool, through capabilities such as hazard characterization and loss reduction and
strategy assessment, will help integrate natural hazard risk management into project planning,
assistance programs and existing infrastructure maintenance to improve Turkey’s resistance to
seismic hazards and create more secure communities and a more stable economy. Risk
management tools are essential for developing risk reduction projects as part of an effective
overall hazard risk management strategy. This is especially critical where seismic disasters are
a cause of major economic setbacks.

The developed tool based on the MAEviz technology but specifically designed to meet the
needs of practitioners and researchers in Turkey and will result in a new generation of user-
friendly tools to support:

e Decision support for disaster mitigation, including the evaluation of alternative
scenarios for building upgrades and improvements and infrastructure damages.

e Response, recovery and redeployment following disasters, including identifying areas
where help is most needed and resources are most available.

e Planning for response and recovery efforts before disasters strike, including the
assembly of information on rescue, and health care needs, resources and lifelines.

Deployment of new research characterizing earthquakes, defining building fragilities, and
improved data sets.

The increasing interest in computer-based seismic risk and loss assessment systems
imposes new research requirements on the earthquake engineering community. Such systems
are being used for the important purposes of disaster response planning and formulating risk
reduction policies. Their accuracy and reliability are therefore fundamental to the success of
these mitigation measures. The ingredients of seismic loss assessment are hazard (exposure),
vulnerability or fragility (sensitivity), inventory (value) and integrated visualization (losses).
Hazard is described as an input ground motion parameter or a spectral response value.
Vulnerability or fragility is given as a conditional probability of an asset (inventory unit)
reaches or exceeds a damage threshold. Inventory data describe the location and
characteristics of the assets of interest to the decision-maker seeking the loss assessment
results. Integration and visualization is an essential framework to use hazard, fragility and
inventory to evaluate physical and economical impact, given the loss functions that translate
damage into loss of value.

To reach the maximum reliability on the loss assessment results the input data should also
have the maximum quality, since the results of the loss assessment based on the inputs. The
get the most reliable results from the software for a new region, the best available data are



required. The best available data for the city of Istanbul is the data of the Zeytinburnu District.
According to the objective of the study the loss assessment of the buildings of the
Zeytinburnu District will done by using the data derived from the Istanbul Metropolitan
Municipality. This selection provides the best results for the loss estimation of the buildings
with respect to the accuracy of the building attributes.

2. Work packages

Ref. | Item Description

WP-1 | Data collection, manipulation and generation of HAZTURK
shapefiles ready for implementation

WP-2 | Development of hazard models and implementation

WP-3 | Survey of buildings, assessment of a sample pushover analysis
and recommendations

WP-4 | Development or selection of fragility relationships for all
Turkish buildings based on ITU

WP-5 | Software development, testing and verification

WP-6 | Documentation and application examples

3.Modelling

For any science related project where the field is in constant flux, the biggest challenge is
to design a platform that is flexible and extensible enough to meet current and future demands
of the domain. Many of the design decisions for HAZTURK were directly influenced by this
requirement so that HAZTURK would be an earthquake loss assessment platform that the
community could easily contribute to and expand upon. The result is a software platform that
contains the very latest in earthquake engineering domain, provided by the Istanbul Technical
University, Surveying Technique Division and MAE Center Research Teams with the gaps
being filled by published literature and the HAZUS Technical manual. In addition, some
features have been added from small projects with partners of the MAE Center seeking to
solve specific problems.

3.1. Hazard Characterization

Hazard studies by Turkish and international researchers were reviewed, and the best
available models implemented and compared. Ranges of hazard were identified so that the
level of uncertainty in loss assessment were taken into account in decision-making. The effect
of topography (Figure 1) were included, where amplification factors were derived from the
terrain profile in Istanbul. The effect of soil condition for regions where the soil type is known
were included by developing site modification factors that apply to the hazard. All six types
of hazard maps (peak ground acceleration, velocity and displacement, spectral acceleration,
velocity and displacement at a number of key periods) were developed and used as
appropriate.
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Figure 1 Digital Terrain (partial) and Building Assets in Zeytinburnu.

Liquefaction potential was considered, especially for damage to infrastructure, as far as the
existence of fragility (sensitivity) relationships allow.

3.2. Fragility (Sensitivity or Damage State) Relationships

To evaluate the effect of ground shaking or ground displacements on the assets in the
earthquake-prone area, fragility relationships are required. These are conditional probability
functions that relate the severity of shaking to the probability of reaching or exceeding
different levels of damage (Figure 2). All existing fragility relationships for Turkish type
construction were reviewed and suitable candidates were implemented in the software.
Moreover, the extensive surveys undertaken by the ITU-MAE Center team, alongside the
work previously undertaken by ITU, were used to develop uniform fragilities using a novel
approach developed by the MAE Center, referred to as Parameterized Fragilities. These new
relationships provided uniform reliability of the assessment results hence the relative risk of
damage to all types of buildings, such as reinforced concrete, steel, masonry and wood, will
carry the same reliability, thus increasing the overall reliability of the loss assessment.
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Figure 2 Typical Fragility Relationships (expressed in terms of peak ground acceleration).



The fragility relationships for the project were specific to Turkey, not standard
relationships that are used globally in some other software packages. The fragility
relationships were integrated with cost functions so that the most probable damage state is
translated to economic losses that can then be aggregated for any size geographical region.

3.3. Inventory

The inventory collection effort for this project is substantial. Use of all available methods and
technologies were considered, and the best available inventory (asset) databases were used
and improved. For buildings, the metadata describing the inventory are location (lat.-long.),
material, height, structural system, age, design code level and type of input expected at the
site. For pipelines, the metadata are location, pipe diameter and material. Other features, for
which there are fragility relationships, such as buried or ground-supported, were added as
necessary. In all the above networks, building structures that house pumping stations or
transformers were treated as buildings, with the appropriate selection of building type.

The detailed list of execution steps that the developed package exhibits as follows:
Invoke terrain data.

Superimpose hazard maps.

Superimpose the inventory (assets).

Select fragility functions for each asset or a group of assets.

AR A

Knowing the hazard, calculate the probabilities of being in the various damage states
and the median damage state.

o

Use cost functions to evaluate economic loss.
7. Aggregate the results as per user requirement and produce visualization and reports.
8. Repeat for any number of required scenarios and store backup files for future use.
3.4. Analysis for Loss Assessment in HAZTURK

The available analysis for the earthquake loss assessment process of the HAZTURK are listed
below:

General:

Scenario Earthquake Analysis
Liquefaction Potential Index
Buildings:

Cost Benefit Analysis

Damage

Damage by Field

Economic Loss

Non-Structural and Content Damage (generalized)
Repair Cost Analysis

Retrofit Cost Estimation Analysis

Fiscal Impact Analysis



Decision Support

Bridges:

Damage

Functionality

Repair Cost

Retrofit Benefit / Cost Ratio
Retrofit Cost Estimation Analysis
Lifeline:

Buried Pipe Damage Analysis
Electrical Substation Loss
Water Tank Damage
4.Scenarios

JICA’s study on Istanbul was reviewed and the useful data and models are taken into
consideration. Four different models were investigated in the JICA report, which are
developed according to the breaks on the fault line at the Sea of Marmara.

Model A is break on the eastern section of the fault line. This section is about 120 km long
from west of 1999 Izmit earthquake fault to Silivri as shown in the Figure 3. This model is the
most probable model of these four scenario earthquakes because the seismic activity is
progressing to the west. The moment magnitude (Mw) is assumed 7.5 (JICA, 2002).

Figure 3: Model A from the JICA study report

The Model B is concerning about the break on the western part of the fault line. This
section is about 110 km long from the eastern end of 1912 Miirefte-Sarkdy earthquake fault to
Bakirkdy as shown in Figure 4. The moment magnitude is assumed 7.4 (JICA, 2002).



Figure 4: Model B from the JICA study report

Model C estimates a simultaneous break of the entire 170 km section of the NAF in the
Marmara Sea as shown in Figure 5. Although, no simultaneous breaks recorded or observed
at this region, this model is expected to be the worst-case scenario. The maximum magnitude
at the earthquakes occurred at the Sea of Marmara is observed as 7.6. However, even in this
case the entire section did not break simultaneously. Assumed moment magnitude of this
scenario is 7.7 (JICA, 2002).

Figure 5: Model C from the JICA study report

Model D was prepared with respect to a continuous fault in the north of the Marmara Sea,
which follows the base of the northern steep slope of the Cinarcik Basin as in Figure 6.
Developed scenario includes a normal fault, which follows the northern slope of the Cinarcik
Basin with reference to many recent researched works. The moment magnitude (Mw) was
assumed 6.9 with the empirical formula for a normal fault (JICA, 2002).



Figure 6: Model D from the JICA study report

The most probable (Model A) and the worst case scenario (Model C) models were used
for the loss assessment study of this project. The loss assessment studies were carried out by
using these scenarios. However, any type of scenarios and models can be generated and used
by the user at the process of the loss assessment.

4.1. Scenario Earthquake Analysis

The scenario earthquake analysis allows users to combine various attenuations or use
single attenuations to produce hazard outputs. Each attenuation specifies what outputs it is
capable of producing so when using combined attenuations, users will only see what both
attenuations can produce. Users can specify weights for each attenuation, or use the default
weighting schemes.

The available attenuation relations for the earthquake scenario analysis of HAZTURK are
presented as follows:
Atkinson and Boore 1995
Boore et al. 1997
Campbell 2002
Campbell and Bozorgnia 2003
Fernandez and Rix 2007
Frankel et al. 1996
Kalkan and Gulkan 2004
Ozbey et al. 2004
Sadigh et al. 1997
Somerville et al. 2001
Spudich et al. 1999
Toro et al. 1997
Ulusay et al. 2004
Youngs et al. 1997



NGA (Next Generation Attenuation Models)
Boore and Atkinson 2006

Campbell and Bozorgnia 2006
Chiou and Youngs 2006
5.Evaluation and Comments

The accuracy of the loss assessment software depends on the data quality and the data
accuracy. The earthquake loss assessment process results are only the estimations regarding to
the scientific studies. However, they can not be taken into account as the real determination.
The features in HAZTURK continue to grow as new research is completed in the community.

HAZTURK uses large amounts of memory. Memory consumed is based on the size of the
datasets used. The size of a dataset also makes a large difference in the speed. The speed of
rendering and of analysis computation are heavily dependant on the dataset size. To partially
alleviate this issue, users can disable automatic rendering, which will help with speed-related
performance issues.

Separate resizable and movable views helps users to edit the working bench. Actions can
be performed either through top-level context menus, right click context menus, or drag and
drop.

6. Relevance to practice

There have been many lessons learned from past experiences in earthquake analysis, risk
mitigation and software development. The next generation Open Source tools are emerging
to support the core methodologies, the latest research and leading-edge analysis. HAZTURK
represents one of these emerging tools which are designed to be extensible and interoperable
to meet the evolving needs of the community which includes the researchers through the
decision-maker.

HAZTURK provides new capabilities and understanding about seismic events, the
interdependencies of our man-made systems and how to best mitigate and respond to a
situation. HAZTURK has been customized to meet the needs of the researchers, practitioners
and decision-makers in Istanbul, Turkey. It provides a common place where they can work in
a common model to develop risk reduction strategies and understand mitigation responses
based on the latest science in an effort to avoid catastrophic results and benefit society.

PROJECT PARTNERS
= TUBITAK
= Mid America Earthquake Center, University of Illinois at Urbana Champaign
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