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One of the most important factors for the life to return to normal after devastating earthquakes is
conducting reliable damage assessments, which have quantitative rules that do not vary from
person to person. As a result of scientificaly based damage assessment, the housing problem can
be mitigated, the economic burden of allowances spent for the destruction of the buildings with
redundant destruction order will be eliminated, and the loss of life to occur in aftershocks can be
prevented. In this instance, it was increased of siginificance of the first post-earthquake damage
assessments. Rapid and scientific based of damage assessments is an important part of the modern
post-earthquake disaster management. Masonry structures are at the top of the structures where
earthquake damages occurred. The possibility of damage to these structures which have no
engineering services is more likely. Damage assessment forms are used in the first damage
assessment procedures. Damages can be assessed more rapidly and scientifically with the help of
these forms. In this study, the ready-to-use form used for the earthquake damage assessment
procedure for the masonry buildings was transferred to the web base, and the data to be obtained
at the site were transferred to the database via tablets and smart phones. Keeping the earthquake
damages in a memory system will contribute to the studies on earthquakes and the future
earthquake regulations. As the data transferred to the web base will be accessible for different
people, it will provide savings in terms of both time and staff. A php-based web interface was
developed for the study due to its flexibility, speed and secure structure, and MySQL was preferred
as the database. In this study, sampling was conducted for four masonry buildings with different
damage levels caused by the October 23, 2011 earthquake in Van. Damage assessment procedures
will be completed as soon as possible such as an application based on this study.

https://dx.doi.org/10.30855/gmbd.2021.01.05
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Yikici depremlerden sonra hayatin normale donebilmesindeki en 6nemli unsurlardan biri de
giivenilir ve kisiden kisiye bilyiik farkliliklar icermeyen nicel kurallart olan hasar tespitlerin
yapilmasidir. Bilimsel tabanli yapilan hasar tespitlerin neticesinde barinma sorunu
hafifletilebilecek, gereksiz yikim karari verilen binalarin yikimi i¢in harcanan &deneklerin
ekonomik yiikii ortadan kaldirilabilecek, art¢1 depremlerde meydana gelecek olan can kayiplarin
oniine gegilebilecektir. Bu agamada deprem sonrasi ilk hasar tespitlerinin 6nemi artmaktadir.
Hasar tespitlerinin hizli ve bilimsel bir sekilde yapilmasi deprem sonrasi modern afet yonetiminin
6nemli bir pargasidir. Deprem hasarlarin olustugu yapilarin basinda yigma yapilar yer almaktadir.
Herhangi bir miihendislik hizmeti almayan bu tiir yapilarda hasar olugsma ihtimali daha yiiksektir.
{1k hasar tespit islemlerinde hasar tespit formlar1 kullamlmaktadir. Bu formlar yardim ile hasarlar
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daha hizli ve bilimsel bir sekilde degerlendirilebilmektedir. Bu c¢alismada yigma yapilar i¢in
deprem hasar tespit islemi yapilirken kullanilan hazir form web tabanina taginmis ve sahada elde
edilecek veriler tablet ve akilli telefonlar vasitasi ile veri tabanina aktarilmasi gerceklestirilmistir.
Deprem hasarlariin bir hafiza sisteminde tutulmas: deprem ile ilgili yapilacak ¢aligmalar ve
hazirlanacak deprem yonetmeliklerine katki saglayacaktir. Web tabanina aktarilan verilere farkl
kisilerin erisim kolayligi oldugundan hem zaman hem de personel agisindan tasarruf saglayacaktir.
Calisma i¢in; esneklik, hiz ve giivenli yapisindan dolay: php tabanli bir web arayiizii olusturulmus
olup, veri tabani igin MySQL tercih edilmistir. Bu ¢alismada 23 Ekim Van depreminde farkli hasar
seviyelerine sahip dort adet yigma bina i¢in 6rneklendirme yapilmistir. Bu ¢alisma ile hasar tespit
islemleri olabilecek en kisa siirede tamamlanabilecektir.

https://dx.doi.org/10.30855/gmbd.2021.01.05

1. INTRODUCTION (GIRIS)

Especially the devastating earthquakes in recent
years and large-scale losses of life and property
caused by these earthquakes brought up the studies,
research on earthquake and the importance of the
measures to be taken. In this context, post-earthquake
damage assessments are one of the important steps of
modern  disaster management. Detection and
management of all the information on the damaged
structures after the earthquake is also important in
terms of spatial planning and urban transformation [1-
6].

The first post-earthquake damage assessments
should be carried out as rapidly and practically as
possible. Rapid damage assessments are unlikely in
earthquakes with large-scale damages due to the size
of the damage caused, and the lack of adequately
specialized personnel. In such cases, non-specialized
personnel are used, and this does not allow realistic
damage assessments. Furthermore, the difficult field
conditions and inadequate public resources after the
earthquake affect this process adversely as well.
Losing time due to collection of redundant
information is another factor putting a strain for the
technical team during the damage assessment works.
Damage assessment teams should move as fast as
possible and reach a maximum number of buildings in
minimum time especially in major earthquakes.
Therefore, the data that will make the basis of the first
damage assessment should be selected correctly.
Damage assessment forms are formed with the help of
these data, and damage assessment can be conducted
rapidly with the help of these forms. Damage
assessment forms are commonly used in the first post-
earthquake damage assessments. Generally, these
forms are completed as a result of the surveys at the
site, and then the final decision on the structure is
achieved based on the evaluations in the office
environment.

Today, tablets and smart phones are used in many
industries as a means of accessing information in view

of the development process of information
technologies. Any desired information and results can
be accessed rapidly and practically with the help of
these devices. In addition, possible errors can be
reduced to a minimum level by making these data
available to other people. Transferring the earthquake
damages to a web-based environment makes them
possible. Therefore, damage assessment studies will
be managed more effectively.

In this study, the first post-earthquake damage
assessments in masonry buildings were transferred to
a database electronically. A damage assessment form
issued by the Republic of Turkey Prime Minister,
Disaster and Emergency Management Presidency
(AFAD) was used for masonry buildings. Four
masonry buildings in the province of Bitlis that were
exposed to October 23, 2011 Van earthquake were
taken into consideration in this study. Damage
assessments regarding the buildings surveyed were
indicated. Later on, a damage assessment was
conducted on these buildings with the help of the
forms issued by AFAD. After this stage, the damage
assessment forms issued by AFAD were transferred to
the electronic database, and the damage assessments
for these buildings were conducted electronically. The
images of the masonry buildings surveyed were
transferred to the database as well. Another objective
of this study is to reveal the reasons of use and
usability of these forms issued by AFAD. The damage
grading of the masonry buildings with different
damage levels was performed in this study.

The objective of the study is to enable that the first
post-earthquake damage assessments are conducted
more rapidly, practically and scientifically with the
help of smart phones and tablets. The results achieved
will be checked by making the information transferred
to the database available to different users. These
procedures can be carried out independently of the
space. In addition, it is aimed to create a database on
earthquake damages. Such a database will help to
develop regulations regarding earthquake.
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In the first part of the study, information was given
on why damage assessment forms should be used.
Information was given on the properties of the
masonry buildings in Bitlis province. Information was
given on the damage assessment forms for the
masonry buildings that are the basis of the study. In
the next stage, structural analyses were conducted for
five different masonry buildings surveyed. Damage
grading was performed for each structure. The
damage levels were identified by giving information
on the algorithm created for the form used and
transferring all the structures surveyed into this
database.

2. PROPERTIES OF MASONRY BUILDINGS
IN THE STUDY AREA (CALISMA ALANINDAKI
YIGMA YAPILARIN OZELLIKLERI)

The emergence of masonry buildings built using
different materials backs to very old dates. Generally,
such structures on which local materials are used are
known to receive no engineering services. Masonry
buildings are built by the craftsmen and workers living
in that region. The earthquake effect behaviour of
these structures is quite low.

The affecting loads on masonry buildings are
carried by load-bearing walls. The loads are
transferred to the ground via load-bearing walls.
These wall thicknesses are significantly larger than
those of the reinforced-concrete structures. As the
wall elements will have both partition and bearing
properties, the thickness value is large. The inner and
outer walls of the building are formed by piling local
materials on top of another and by combining the same
with the help of a fastening material. Masonry
materials such as stone, adobe, brick etc. are used for
the vertical bearing elements (walls and columns) of
the masonry systems, and the dominant stress type in
the system is pressure. Even if geometry of the bearing
system is linear (e.g. pylon, arch), planar (e.g. wall)
and volumetric (e.g. vault or dome), there are
compressive forces that are transmitted in one
direction from the top to the structural bearings. As
seen, the bearing elements overlap with the
partitioning or covering elements in the masonry
systems. In masonry buildings, the compressive
strength of the materials used is high, while the tensile
strength is low. In this case, these elements that can be
exposed to large compressive forces are nondurable
against the bending and shear effects [7-11]. As a
result of instability against the shear effect, the
materials forming the wall may be subject to
segregation of various levels depending on the loading
status and the materials used. Therefore, when making

calculations for shear stresses in such structures, the
properties of the material used as fasteners and its
behaviour with the wall material should be known
well. The properties of masonry building vary
depending on these properties.

The masonry buildings in the province of Bitlis are
built from local stones obtained from stone quarries.
The local stones are used after being subjected to a
cutting operation without any machinery in the
quarries and the relevant region. Thin joint mortars are
used between the local stones. Generally, flat earth
shelters are used as roofs. Construction works are
generally carried out by local craftsmen and workers.
Mortars were used between the ashlars obtained from
the quarries located in the province of Bitlis. Wooden
ceilings are used in all houses. Earth shelters are used
as roofs. In general, wooden beams are primarily used
in the construction of these shelters. In terms of
aesthetics, timber covers are used on top surfaces of
them. The earth that will form the roof is laid on top
of this, and a material that is a mixture of ‘seh’ (local
material) and salt is laid on top of it to provide
insulation. Water canals called ‘coratan’ are used to
ensure water drainage on the earth shelters. Stones
called ‘sal’ are placed around the shelter so that the
shelter has an aesthetic appearance [12-15]. Examples
of Bitlis masonry houses are shown in Figure 1.

-

Figure 1. Masonry house examples in the region [13]
(Bdlgedeki yigma ev ornekleri)

3. DAMAGE ASSESSMENT IN MASONRY
BUILDINGS (YIGMA YAPILARDA HASAE
DEGERLENDIRMESI)

Earthquakes  frequently  offer ascent to
extraordinary harm to life and property. In line with
this, most of the casualties are stem from the collapsed
buildings. Therefore, building damage information
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investigation is the primary errand of earthquake
damage information investigation.

After an earthquake, the damaged building data
ought to be procured conveniently, and can be used to
guide the effective implementation of the emergency
rescue, which is essential for the decrease of losses
[16-18] Seismic disaster management and mitigation
require the foundation of a viable framework (or
strategies) for evaluating spatial data and tremor peril
[19]. The most critical aspect of damage analysis is
related to the observations which are required to have
a comprehensive and accurate building inventory and
particularized damage data. It is highly possible to
confront with fragmentary and restricted or accessible
for single towns, districts or territories. Besides, the
quality of the damage data can be insufficient. [20].
The damage data information of the structures and
buildings are fundamental for search, rescue and
auxiliary for reconstruction activities in the
earthquake region. Therefore, building damage has
been ranked in the field using damage scales [21].

The post-earthquake damage assessment in any
structure is carried out to determine whether or not the
building will be used immediately or whether repair
and strengthening is required. To this end, all kinds of
information on the structure is required. This process
can be very complicated. Accurate identification of
the damage classes of the buildings will positively
affect losses of life and property in a possible second
earthquake [22].

The fact that redundant information requests in the
old forms used during the damage assessment slow
down the work teams was more evident in the 2011
Van earthquake. Having initiated a study in 2012 in
line with the requests of technical personnel at the site,
the Disaster and Emergency Management Presidency
(AFAD) issued the damage assessment forms for
reinforced-concrete and masonry buildings, which are
based on scientific data, aim to eliminate the use of
opinions and were simplified from redundant
information. In these new forms, it was aimed to
ensure that the result is evaluated on-site or during the
office work after the information on the structure is
obtained.

In this study, the damage assessment forms issued
by AFAD in order to determine the damage levels in
the masonry buildings were used [23-24]. There are
numerous masonry buildings that are widely used in
rural areas of Turkey. Therefore, the location of the
masonry buildings is very important in terms of
seismicity. Firstly, detailed information on the form

issued for the masonry buildings was provided in the
study. The post-earthquake damage assessment can be
performed systematically through these forms. After
the earthquake disaster, the damage assessment form
was used for the masonry buildings surveyed in the
study. The damage estimation flow of these forms is
specified in Figure 2. The process flow is filled
separately for each masonry building to be surveyed.

XX
Front side length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-Y
Left front length (m) Ya
Right front length (m) Yb
Ly = Ya+Ybh

v

CARRIAGE SYSTEM DAMAGE INFORMATION
Lengths of Heavy Damaged Walls [ X1; ¥1;
X2; Y2)

Lengths of Medium Damaged Walls (X3; ¥3;
X4; Y4)
I=(1.25xX14X3)/Lx  11={1.25xY1+Y3)/Ly
NI=(1.25xX2+X4)/Lx  IV=(1.25x¥2+Y4)/Ly
HO= Max (V=1.2x1 + IIl ; VI=1.2xI1+1V)

AV

DAMAGE CAUSED BY BASIC GROUND
Z1=Liguefaction on the ground
Yes Z1=1.2
No 71=1.0
Z2=Depression due to ground seating
Yes Z2=1.2
No 72=1.0
Z=1.2 [Z1or 22 =1.2) .0(Z1 and Z2=1.0)
i
XX
Frontside length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-Y
Left front length (m) Ya
Right front length (m} Yb
Ly =Ya+Yh
A
XX
Frontside length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-
Left front length (m) Ya
Rightfront length (m]) Yb
Ly =Ya+Yh

Figure 2. Post-earthquake damage assessment

flowchart for masonry buildings (Yigma yapilarda deprem
sonrast hasar degerlendirme akis semasi)

It is determined whether or not to use these forms
by performing damage estimation grading in the
buildings. Statistical data on the earthquake are
obtained. More effective performance of the
necessary post-earthquake planning and the vital
activities sustainment processes is directly related to
the accurate completion of these forms. The
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earthquake zones can be determined more realistically
by processing the data obtained from the damage
assessment forms onto maps [23-24].

The personnel that will fill the earthquake damage
form should be trained on how to complete the form.
As a result of this process, the field works will be
faster and more reliable. Generally, the success of data
collection significantly depends on this preparation
process. Otherwise, the field works need to be
repeated in order to collect data.

It is important to issue the information form in a
way to be evaluated by computer. Thus, a result can
be got in a short time, and depending on the damage
classes, results can be obtained in forms of graphics
by evaluating the information according to the
availability of the building and the residential areas.
Furthermore, the relations between the loss of life that
is the most important issue in the earthquake and the
damage level in buildings and the load-bearing system
can be obtained. Images of the buildings that are
subject to damage assessment are transferred to the
web base as well.

4, INVESTIGATED MASONRY BUILDINGS
(INCELENMIS YIGMA BINALAR)

On 23.10.2011, at 13:41 local time, a Mw: 7.2
earthquake occurred around the province of Van. The
earthquake was felt in the residential areas, especially
in the province of Van and Ercis district of Van, in the
Van Lake Basin, where the seismicity element is
continuously ignored. The largest losses in terms of
structural damages were suffered in Van and Ercis.
The province of Bitlis and its districts follow these
regions areas in terms of places where damages are
observed widely [25-27]. Four masonry buildings that
are located in the province of Bitlis and were subjected
to the October 23, 2011 Van earthquake were taken as
samples. The damages related to the buildings
surveyed were specified. Later on, a damage
assessment was conducted on these buildings with the
help of the forms issued by AFAD.

4.1. Building-1 (Bina-1)

The building was built of two stoires from the local
stones. The ground story is used as a shed, while the
top story is used as a residence. Houses built in this
style are widespread in the rural areas of Bitlis. In
addition to the structure, there is a porch built from
briquette made of pumice, which is widely
encountered in this region. The structure was built in
the form of a rectangular with a size of 6.20x8.20 m.
Middy mortar made of soil was used on the junctions

of walls. There is a heavy load on the structure due to
earth shelter. On the load-bearing wall placed at the
rear front of the structure, there were some
segregations larger than 2 cm and some stones were
replaced. There were some segregations larger than 2
cm on the left side of the structure and those larger
than 1 cm on the facade. The fact that fixation of the
floor and shelter to the walls is insufficient is one of
the reasons of the damage. The damages on this
building are given in Figure 3.

Figure. 3. Damages on masonry buil
hasarlary)

hg-l (1.Bina

The lengths of the boundary wall of the building-1
surveyed that make the basis of the damage
assessment are given in Table 1.

Table 1. The lengths of the boundary wall of the
masonry building -1 (Yigma binamin sir duvar uzunluklary)

LENGTHS OF BOUNDARY WALLS

Length of the building’s boundary walls (excluding door-window
openings) on the floor with the largest damage (m)

X-X direction i -
building facade and rear Y-y d'r?CF:OP building left and
front right fronts

Length of Length of left front

facade (m) 5.90 m) 6.20
Length of rear Length of right

front (m) 8.20 front (m) 6.20

Total net length, 14.10 Total net length, Lv 12.40
Lx (m) (m)

After the damage information of the load-bearing
system is obtained, the damage condition caused
depending on the basement ground should be
determined. The damage condition of the ground
belonging to the building-1 is specified in Table 2. No
cracks caused by ground subsidence were observed
either at the liquefaction or the plinth level in the
foundation soil of the building surveyed.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yaymcilik




41

Isik, Isik, HarirChian / Gazi Miihendislik Bilimleri Dergisi 7 (1). (2021) 36-50

Table 2. Ground damage status for building-1 (Bina 1

icin Zemin hasar durumu)

DAMAGES STATUS ACCORDING TO BASEMENT
GROUND CONDTION

Z2- Cracks caused by ground
subsidence on the level of plinth
level in the foundation.

Z1- Ground collapse
(liquefaction)

No Yes No Yes

(Z=1) (Z=1.2) (Z=1) (z=1.2)

In the following stage, the damage conditions of the
non-structural system elements on the building are
determined. These values for building-1 were given in
Table 3. The damage information of the load-bearing
system can be calculated using the lengths of the
boundary walls obtained. The damage information of
the load-bearing system of the masonry building-1 is
calculated in Table 4.

Table 3. Status of damage for non-structural elements for building-1(Bina 1 i¢in yapisal olmayan elemanlarda hasar durumu)

STATUS OF DAMAGE FOR NON-STRUCTURAL ELEMENTS FOR BUILDING-1
N1 N2 Staircase N3 — Flue or N4 - She_ar_ Additive to damage
Gamble wall damage arapet damage damage at infill (HK)
damage 9 parap g walls
0.025*(N1 + N2 +
YES 1; NOO YES 1; NOO YES 1; NOO YES1;,NOO N3 +
N4
NO NO NO NO
N1 =0 0] N2=0 0] N3=0 0] N4=0 0 HK 00

With the help of this information obtained, damage
rating for this building performed. Damage rating for
the building-1 is shown in Table 5

4.2. Building-2 (Bina-2)

The building was built of single story from the
local stones. The building is used as residence. The
building was built in the form of a rectangular with a
size of 11.50m x 8.50m. A heavier load was created
on the building by adding a roof on the earth shelter.
There were some segregations larger than 2 cm at the
corner junction points of the rear front of the building.
The fractures and cracks in the right flank front were
measured to be larger than 1 cm. While on the left
flank front, there were fractures and cracks larger than
2cm. There are local wall damages ranging from 0.5
to 1.5cm in the middle partition walls within the
building. Images of the building and damages are
shown in Figure 4

ST

Figure 4. Damages on masonry building-2
(2.Yigma binadaki hasar durumu)

4.3. Building-3 (Bina-3)

The building was built of single floor from the local
stones. The building is used as residence. The building
was built in the form of a rectangular with a size of
12.00m x 8.50m. A heavier load was created on the
building by adding a roof on the earth shelter.
Damages ranging from 0.5 to 1 cm were formed on
the walls that make up the middle partitions of the
building, while there are moderate damages ranging
from 0.5 to 2 cm were formed on the outer wall.
Images of the building and damages are shown in
Figure 5.

Figure 5. Damages on masonry building-3 (3. vigma
binadaki hasar durumu)

4.4. Building-4 (Bina-4)

The building was built of single floor from the
local stones. The building is used as residence. The
building was built in the form of a rectangular with a
size of 12.00m x 7.0 m. A heavier load was created on
the building by adding a roof on the earth shelter.
Damages ranging from 0.5 to 1 cm were formed on
the walls that make up the middle partitions of the
building, while there are trivial damages ranging from
0.5 to 1 cm were formed on the outer wall. Images of
the building and damages are shown in Figure 6.
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Table 4. Information on the damages on the load-bearing system of the building-1
(Binanmn tasiyuc sistemindeki hasarlara iligkin bilgiler)

42

DAMAGE INFORMATION OF THE LOAD-BEARING SYSTEM
This will be completed on the floor, where the largest damage is observed.
For the surveyed boundary walls, the most severe damage condition among the following articles will be taken
as basis.
The corner and the The walls in
wall concurrent to the corner the middle of the fronts
X-X (m) Y-Y (m) X-X (m) Y-Y (m)
Damage
condition
observed
Segregation
of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Heavily Concurrent 5.90 6.20 0 0
Damaged |walls
Walls (>20mm);
diagonal/X
cracks on
Corner/Fro
nt walls
(>10mm);
X1 =5.90 (m) Y1= 6.20 (m) X2= (m) Y2= (m)
Damage
condition
observed
Segregation
of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Moderatel | Concurrent 5.90 0 0 0
y walls
Damaged | (10~20mm)
Walls :
diagonal/X
cracks on
Corner/Fro
nt walls
(5~10mm);
X3=5.90 (m) Y3= (m) X4 = (m) Y4= (m)
3.3. Length Ratio of 1=(1.25xX1+X3)/ | N=(1.25xY1+Y3)/ | HI=(1.25xX2+X4)/ | IV=(1.25xY2+Y4)/
Damaged Wall Lx Ly Lx Ly
0.523 0.625 0 0
Total V=1.2xl + 111=0.623 or VI=1.2x11+1V=0.75
DAMAGE INFORMATION OF THE LOAD-BEARING SYSTEM
This will be completed on the floor, where the largest damage is observed.
For the surveyed boundary walls,
the most severe damage condition among the following articles will be taken as basis.
The corner and the The walls in
wall concurrent to the corner the middle of the fronts
X-X (m) Y-Y (m) X-X (m) Y-Y (m)
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Damage

condition

observed

Segregation

of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Heavily Concurrent 5.90 6.20 0 0
Damaged |walls
Walls (>20mm);

diagonal/X

cracks on

Corner/Fro

nt walls

(>10mm);

X1 =5.90 (m) Y1= 6.20 (m) X2= (m) Y2= (m)

Damage

condition

observed

Segregation

of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Moderatel | Concurrent 5.90 0 0 0
y walls
Damaged | (10~20mm)
Walls :

diagonal/X

cracks on

Corner/Fro

nt walls

(5~10mm);

X3=5.90 (m) Y3= (m) X4 = (m) Y4= (m)
3.3. Length Ratio of 1=(1.25xX1+X3)/ | H=(1.25xY1+Y3)/ | 111=(1.25xX2+X4)/ | IV=(1.25xY2+Y4)/
Damaged Wall Lx Ly Lx Ly
0.523 0.625 0 0

Total V=1.2xI + 111=0.623 or VI=1.2xI1+1V=0.75

Table 5. Damaged evaluation for building-1 (1. Binaya ait hasar degerlendirme)

STATUS OF DAMAGE FOR NON-STRUCTURAL ELEMENTS FOR
BUILDING-1
N1 N2 N3 N4 Additive to
. Flue or Shear
Gamble wall Staircase q damage
damage damage parapet damage at (HK)
damage infill walls
YES 1; YES 1; YES 1; YESL | ) +0'$5:N3 N
NO 0 NO O NO 0 NO 0 N4)
NO NO NO NO
N1 N2 N3 N4 HK 00
=0 0 =0 0 =0 =0 0
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Figure 6. Damages on masonry building-4 (4. vigma
binaya ait hasarlar)

After information on the buildings and damages to
the buildings was given, the damage assessment rating
form was completed separately for each building. The
damage rating procedure for four buildings considered

in the study is shown in Table 6. As a result of the
evaluation, two of them were determined to be
moderately damaged, one to be heavily damaged, the
other one to be slihgtly damaged. The damage
assessments will be controlled by different people
more easily with the help of these forms. The values
obtained from the surveys conducted on the site will
enable to get results in a healthy and rapid in a more
comfortable environment. Completing the damage
assessment forms properly is directly proportionate to
the trainings to be provided for the technical staff to
complete the form. The damage rating on these forms
will have a more realistic and scientific base thanks to
the trainings to be provided. These forms that used to
be complex in previous years were made more usable
following the 2011 Van earthquakes.

Table 6. Damage evaluation of investigated buildings (incelenen binalara ait hasar degerlendirme)

BUILDING NO 1 2 3 4
VALUE
B Facade (m) 5.90 8.00 9.75 9.80
x Rear front (m) 8.20 10.60 10.80 10.50
Lx 14.10 18.60 20.55 20.30
> Left (m) 6.20 7.70 7.20 5.00
> Right (m) 6.20 8.50 7.70 6.00
Ly 12.40 16.20 14.90 11.00
X1 5.90 11.50 0 0
Y1 6.20 8.50 0 0
X2 0 0 0 0
Y2 0 4.20 0 0
X3 0 3.80 4.20 7.00
Y3 0 0 4.00 0
X4 0 0 4.20 0
Y4 0 0 3.60 3.8
I 0.523 0.98 0.204 0.345
I 0.625 0.66 0.268 0
n 0 0 0.204 0
v 0 0.3 0.241 0.345
Vv 0.623 1.14 0.448 0345
VI 0.75 1.09 0.562 0.345
Z1 1 1 1 1
z2 1 1.2 1 1
N1 0 0 0 0
N2 0 0 0 0
N3 0 0 0 0
N4 0 1 0 0
HK 0 0.025 0 0
HO 0.75 1.14 0.562 0.345
THO 0.75 1.393 0.562 0.345
THO x 100 (%) 75 130 56.20 34.50
DAMAGE STATUS MEDIUM HEAVY MEDIUM SLIGHTLY
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5. WEB-BASED ASSESSMENT (WEB TABANLI
DEGERLENDIRME)

As a result of the developments in the information
technology, local governments started to collect, store
and process the positional data they use for their own
service areas in the computer environment and to
produce new information as a result of analysis. The
desire to use information technologies in evaluation
and monitoring systems is increasing day by day. It is
because the mobile devices are spread and increased
in use since they are smaller, are able to work as
wireless and have high memory capacity. These
elements require mobile devices to be used in many
areas such as environmental control, monitoring of
health services and security, transportation and
automation[28-39].

Structural control has a wide area that combining
automatic control and structural engineering areas
using a variety of applications from aerospace and
mechanical engineering to infrastructure systems such
as building. Technological developments in seismic
instrumentation enable the application of digital
communication and computer technologies, real-time
early warning and rapid damage assessment systems
[40-41]. The form, which was formed after a natural
disaster in masonry buildings, was turned into an
internet form and transferred to the digital media so
that it can be evaluated more rapidly.

A web page was created and each field of the form
on this page was associated with a database so that the
form can work effectively. In this way, it became
possible to make an analysis and assessment for the
data entered. It was enabled to create plenty of
statistical information by forming a wide database.
The web-based post-disaster rapid assessment
application developed for the masonry buildings
consists of a user interface and a database to which
this interface is associated. The interface program was
developed in php language, while MySQL language
was used for the database. Web-based software is
expected to have a flexible, rapid and reliable
structure. This type of software should provide the
user with ease of programming as well as a flexible
and secure structure. These properties specified can be
realized effectively using php-based MySQL
database.

For the web-based software, a restriction process
is also performed for the data entered by the user. In
this case and in the event that the user enters incorrect
or inadequate data, the system automatically sends a
warning message to the user. The most accurate result

is achieved with mathematical and logical expressions
created in background by entering the data
successfully into the rapid assessment form and the
coding created, and these values are automatically
registered The association belonging to the
assessment form used in the database registration
process is presented in Figure 7. The flow diagram of
the software is presented in Appendix-1.

Enviromental
Wall Lenghts

Assesment of
Damage to
Carrier System

Elements

Damage Status
Due to Basic
Ground

Damage Status
of Non-Carrier

System
Elements

Figure 7. Database evaluation form-data relationship
(Veri taban degerlendirme form-veri iligkisi)

Each building was assigned a value called
“Building ID” so that the database registration process
can be realized any desired data can be obtained from
the database. This is a value belonging to the
registered building, and in this way, it was prevented
to register another structure with the same value. In
addition, each building entered was given a sequence
number. The data-interface-database association of
the developed web-based software is presented in
Figure 8.

Figure 8. Algorithm of software system operation
(Yazilim gelistirme algoritmast)

A site with the address smarthomes.com, which is
associated with php-based and MySQL database, was
created in order to assess and determine the post-
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earthquake damages for the masonry buildings. The
post-earthquake assessment of the wooden buildings
is carried out on the site, and each building is assessed
according to its ID number. The data entered for the
building are assessed in two different situations.
Firstly, in case of any collapse in the building, the data
of the building are registered in the database, and the
registration is performed writing “COLLAPSED” in
the conclusion section in the database, without any
need for data entry. The image for this case is
presented in Figures 9 and 10. In Figure 10, the
employee logging in to enter the site is asked “Is there
any collapse?” If the answer is affirmative, the process
is completed by entering data into the fields indicated
in Figure 10. At the end of this process, the
information that a building collapsed is registered.

Earthquake Danage Assessment Form for Masonry Buildings

[s there collapse in building ? Yes / No

No  Building ID Damage Rate % Result

1 2 1] MEDIUM DAMAGE X

1 g ] COLLAPSE X
Tucelenen Yapi: 1

HEAVYDAMAGE  MEDIUMDAMAGE  LIGHT DAMAGE NODAMAGE COLLAPSE
0 l 0 0 1

Figure 9. Home page for damage assessment (Hasar
degerlendirme ana sayfa)

www.smarthomescada.com/mb/yapibilgi.php?e=1

Building [nformations

Buildmg [D
Distrct Dtk
assesent
Street | Avemue Ivestor
Building Door Story
No Information
Usage of i
hilie Total Storizs
Builtyear BIBS T v

SAVE

Figure 10. Data entry for collapse (Cokme veri girisi)

The other situation is that there is some collapse in
the building. When the question “Is there any
collapse?” in Figure 9 is answered negatively, the
form indicated in Figure 11 is opened. In case of data
entry to the required fields in Figure 11 and upon the
completion of the registration process of these data,
the collapse condition is formed by the program and
the database registration process is completed.
Depending on the calculated data, it is assessed as
heavy damage, moderate damage, slightly damage, no

damage or collapse and subjected to assessment as
statistical data.

Building ID

Distriet

Stery Tnformation

Total Stories
BTBES T v

Cevre Duvar Uzumluklars
Ex bk hasarm oldugu katta bina genre durvarlanmn (kapt-pencere bogluklan harig) uzmlog (m)

Bins

O cephe uzmhage (m) Sel caphe uzm )
Arka cophe uzuniugu (m) Sa cephe uzumlugu (m)

Tagyaes Sistem Hasar Bl
Kse ve Koseve Birlesen Durar
() Vi)

Cephe Orialerndaki Duvar
HeXim) Y (m)

Has
Dwarlara

ait
Unmiuklar

Z1- Zeminds srerlagma aswia bagl clarak olusan

L
TASTYICT OLMAYAN SISTEM ELEMANLARDNA AT HASAR DURUMU
Cat/ Kalkan Dvar Hasan. Mendiven Hasan Parapet Fasan  Tagiyaer divard s dizeyinde galak
O v NO_ v O W NO v

SAE

Figure 11. Data entry screen in case of non-collapse
(Cokmeme durumu igin veri girigi)

As shown in Figure 11, there is information on the
process result of the buildings, of which database
registration process was completed by the user. In
addition, the statistical information is presented in the
same field depending on the damage status of the
wooden buildings entered. As the employees carrying
out different surveys use the same database, it
prevents assessment of a building by different people
and enables the process to be assessed more rapidly
and transparently. As the developed web page has a
structure that can be used not just for one region or
one person but by everyone and for each region, it is
expected that the number of users will increase on a
global scale. The result screen of earthquake damage
evaluation is presented in Figure 12.

da.com/mé6
Earthquake Damage Assessment Form for Masonry Buildings

Is there collapse in building 2 Ves | No

No  Building ID Damage Rate % Result
a 75 MEDIUM DAMAGE X
q 0 COLLAPSE X

incelenen Yaps: 2

HEAVY DAMAGE  MEDIUMDAMAGE  LIGHT DAMAGE NODAMAGE COLLAPSE
0 1 0 0 1

Fig. 12. Result screen of earthquake damage

evaluation for masonry buildings (Yigma yapilarin igin
hasar degerlendirme sonug ekrani)
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6. RESULTS (SONUCLAR)

The persons that will complete the earthquake
damage form should be trained on how to complete
the form. As a result of this process, the field works
will be faster and more reliable. Generally, the success
of data collection significantly depends on this
preparation process. Otherwise, the field works need
to be repeated in order to collect data.

It is important to issue the information form in a
way to be evaluated by computer. Thus, a result can
be got in a short time, and depending on the damage
level, results can be obtained in forms of graphics by
evaluating the information according to the
availability of the building and the residential areas.
Furthermore, the relations between the loss of life that
is the most important issue in the earthquake and the
damage level in buildings and the load-bearing system
can be obtained. These forms issued by AFAD created
a scientific basis for the assessment of damages
emerging on buildings.

In this study, four masonry buildings were selected
in order to reveal the effects of the damages caused by
the Van earthquake in the province of Bitlis. The
damage assessment forms were completed separately
for each building, and the damage levels were
determined. This study has an important place in terms
of revealing the importance of masonry buildings,
which are widely used in rural areas of Anatolia.

This study provides information on the
construction techniques of masonry buildings in
Bitlis. In this context, horizontal beams should be used
to ensure the connection between the walls in the
construction of earth shelters used on these houses.
Heavy loads caused by earth shelters increase the
damages in the structure.

In this context, the design principles of the
masonry buildings included in the Turkish Building
Earthquake Code should be considered. In addition,
the project design process for such structures should
be placed on a legal basis. It should be a legal
obligation that such structures are provided
engineering services. Thus, damages and losses that
may occur in the buildings with engineering services
will be kept at lower levels.

In addition, it will make sense to develop
province-based standard masonry building projects
for each province. Construction technology and local
materials may vary in each province. It will be an
important move to minimize wall damages to select

accurately the joining tools to be used especially on
the walls.

The damage assessment processes of masonry
buildings, which were exposed to earthquake effect
and constitute a large part of the buildings in rural
areas, were transferred to the electronic media, and
damage grading was carried out electronically. With
the help of this environment created, information that
need to be received or required from different
institutions was gathered via internet in MYSQL
database operating very rapidly.

Besides creating a database for the masonry
buildings, the earthquake-exposed masonry buildings
will be transferred to the database thanks to this study.
Thanks to the information obtained, the earthquake
zones will be determined more realistically as well as
and it will enable to develop construction principles
related to masonry buildings. Such studies can be used
as a supporting tool for the post-earthquake decision
makers. Rapid and practical solutions are required to
sustain the post-earthquake social life. This study will
be very efficient in meeting this kind of deficit.

In this study, local administrations and the relevant
public institutions and organizations will be able to
directly access the earthquake-exposed building stock
and data, and if they desire, will ensure use of these
data in the electronic media. Damage assessment in
buildings, classification of the same and decision
making process for use will be performed in a
controlled manner thanks to the post-earthquake data
related to the buildings.

In the system installed, all data can be defined,
stored, processed and analysed as associated in an
efficient and detailed way in a single database. In this
way, time and finance can be saved in the decision
making and implementation processes, and an
institutional resource planning infrastructure can be
formed. Thanks to the method used in the study, a
knowledge-based management process with a
consistent structure information system infrastructure
and a knowledge-based strategic plan can be used
effectively. In addition, it will be possible to access
the data of the earthquake-exposed building stock as
independently of the space. This study can be
expanded with new modules. Its sustainability can be
ensured easily.

The fact that the earthquake-exposed building
stock is large results in that evaluations related to such
buildings are not very realistic due to lack of time and
technical staff. Rapid damage assessment methods are
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required so that these evaluations provide
scientifically healthy results. Pursuant to this
requirement, AFAD developed the damage
assessment forms. It is possible to identify some
parameters that will affect the behaviour of the
building during the earthquake without getting into
the building, and in part, within the building. The
damage levels of the buildings are identified by this
calculation.
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