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Abstract. A major portion of the existing Turkish building et al., 2005; Inel et al., 2008a, Tama, 2012); unfortunately,
stock consists of seismically deficient buildings, like in many they comprise an important portion of the existing building
other earthquake-prone developing countries. For the mitigastock (Building Census, 2001).

tion of the damage before an earthquake, the seismic evalua- Measures must be taken in order to prevent seismic
tion of the existing building stock is the first step. However, damages during future earthquakes that can reach devastat-
the great number of buildings to be evaluated is an obstacléng levels due to the high number of deficient buildings. For
for the detailed assessment. Rapid evaluation methods are déie mitigation of the damage before an earthquake, the seis-
veloped to minimize the need of resources for the evaluatiommic evaluation of the existing building stock is the first step.
of the buildings in great numbers. In this study, performancesHowever, the great number of the buildings in stock that re-
of the rapid evaluation methods to estimate seismic damagquire seismic evaluation is an obstacle. Identification of the
are investigated by examining the correlation between theleficient buildings with detailed seismic analyses is almost
rapid evaluation method scores and the quantified damagenpossible due to the enormity of the needed resources of
states after the 19 May 2011 Simav (Turkey) earthquake. Alabour, time, expertise and money.

total of 144 reinforced concrete buildings are carefully exam- This situation directs the civil engineering profession to
ined in terms of the properties of structural system, architecfind simple, economical, and yet reliable enough methods
tural layout, concrete strength, soil conditions and damageo identify the safety level of structures. At this point rapid
state. The correlation of rapid evaluation methods with theevaluation methods come into the picture (Ozcebe, 2004;
observed damage happened to be low. It is concluded thakKorkmaz, 2010). As the name implies, buildings can be eval-
if the building damage state is determined by the local brit-uated in a rapid, economical and practical way by using these
tle damages in members, the estimations with the rapid evamethods. They can be used to make final decisions about the
luation methods may diverge from the actual scene after arbuildings, to prioritize a group of buildings or to reduce the
earthquake. ones needing more detailed analysis.

There are many rapid evaluation methods developed for
use in seismic evaluation (FEMA-154, 1988; Japan Seismic
1 Introduction Index — Ohkubo, 1991; FEMA-310, 1998; FEMA-154, 2002;

Ozcebe, 2004; Yakut, 2004; Bal et al., 2006). These various
In the past few decades, industrialization, rapid populationmethods for the vulnerability assessment of buildings differ
growth and migration to the cities have brought an urgentjn expenditure and precision. The type of the method chosen
need for new accommodation supply in Turkey, like in many gepends not only on the objective of the assessment, but also
developing countries. A number of buildings have been con-gp, the availability of data and technology. In order to con-
structed with the concerns of cost and pace, disregardingripyte this discussion and to investigate if the building scores
compliance with the existing codes and safety. Since Turkeyyetermined by these are correlated with seismic damage, the

is an earthquake-prone country, these buildings are under set,dy presented in this paper is conducted.
rious seismic risk (Sezen et al., 2003; Ozcebe, 2004; Akkar
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The damage data collected after the 19 May 2011 Simav Ozmen et al. (2013a) used the Multichannel Analysis of
(Turkey) earthquake are used to examine the correlation witfSurface Waves (MASW) measurements, boreholes and labo-
rapid evaluation method scores proposed previously by reratory data to determine soil properties in the Simav county
searchers (Ozcebe, 2004; Yakut, 2004; Bal et al., 2006). Theentre where the damage data are taken. Medium plastic clay
conclusions of this study may be useful for the further de-(Cl), silty sand (SM) and silty gravel (GM) are very common
velopment of such methods and understanding the effects dadoil types in the Simav county centre. Sandy soils are also ob-
seismic events on buildings. Although this study focuses onserved in several parts of the study area. The soil type of the
Turkish building stock, it may resemble cases of other devel-study area is classified as B, C, and D of FEMA-368 (2001).

oping countries in earthquake-prone regions. The groundwater depth in the study area changes between
less than 2 m and more than 10 m. Shear wave velocities be-
2 Information about the earthquake and the region tween 180 and 360 nT$ are encountered. In terms of lig-

uefaction potential, the risk level changes in wide a range,
The properties of the ground motion, geology and seis-hetween high to none in the area. However, no trace of lique-
mic damages in the region (Inel et al., 2013) and damagedaction during the earthquake is found. Maps of the ground-
building data set and geotechnical properties of Simav citywater depth, shear wave velocity, liquefaction risk and soil
(Ozmen et al., 2013a) are given in some other studies in théype properties of the study area can be found at Ozmen et
literature. However, for the completeness of the paper it isal. (2013a).
summarized here as well.

2.1 Characteristics of the ground motion 3 Building set

The 19 May 2011 Simav earthquake was a seismic event witf] '€ damaged building set includes 144 reinforced concrete
a magnitude of 5.7/, ), which was reported to have a nor- (RC) bwldmgs which are carefully examined in terms of
mal fault mechanism. The epicentre was at the northeast offe properties and geomet.ry of structural system, sizes of
the Simav district with a distance of 13km (DEMP, 2011). §tructural elements and infill WaIIs.at grounq storey. Spap-
Unfortunately, the Simav station record, where most of thel"9 and number of Iatergl and longitudinal reinforcement is
damages occurred and closest to the epicentre, was not full§ne€cked by Ferroscan instruments on a few columns and
obtained due to malfunction of the device. The larger one of2€ams. Cover concrete of a representative column in each
the PGA (peak ground acceleration) value among two Com_pmldmg is stripped pf in order to observe the propgrtles of re-
ponents was 0.118 (acceleration of gravity) for the partial inforcements. Archltect.ural Ia)_/c_>ut, damage condltlon_s, con-
Simav record, experienced for E-W direction. crete strength, and soil condition data of all the buildings

As the Simav record was not fully obtained, the PGA value@re collected. Concrete strength is determined by concrete
may not be the correct one. Inel et al. (2013) have investj-core samples_ take_:n from the buildings. Soil conditions are
gated the PGA values for the Simav record using the distanc&eS0Ived as given in the part about geology. - _
and PGA of the closest 20 stations to the epicentre. With sim- Damag? sta_ltes of the _bundlngs are quantified a_ccordlng to
ple logarithmic relation, and some attenuation relations, theyN€ classifications used in the European Macroseismic Scale
concluded that expecting a PGA value between 0gl@sti-  (EMS) (Grunthal, 1998). Decisions on the damages at the
mation by the relation for the recorded stations) and 0glg5 Member level are done according to "Quick Inspection Man-

(by Kalkan and Gulkan, 2004 attenuation relation) at Simavual of Damaged Reinforced Concrete Buildings due to Earth-
is reasonable with gathered information. quakes” (Kaminosono et al., 2002), which is in compliance

with RC building damages in Turkey.
2.2 Geological features of the region In order to have a better evaluation, the damage state steps

in EMS are further classified into two. The damage states in
Simav is in the western Anatolian tectonic structure. The E-EMS are in 5 grades, and it is modified to be in 9 with an
W and NW-SE trending grabens with neotectonic featuresaddition of 0.5 steps. Definitions of EMS and modified EMS
are Gokova, Buyuk and Kucuk Menderes, Gediz and Simav(used in this paper) grades are given in Table 1. The distri-
The region is very active in terms of seismicity. Gediz-Emet, bution of the damage grades in the building set according to
Simav and Kutahya fault zones are the main structures thatodified EMS classification is given in Fig. 1.
cause earthquakes. Simav city is located on the active Simav Another important parameter about the building set may
Fault zone (Sengor et al., 1984; Bozkurt, 2000). be the compressive concrete strength. As the investigated

The base rock in the Simav region is metamorphic unitsbuildings are selected among damaged ones after such a

of Menderes Massif, which are Paleozoic age schist, gneismoderate earthquake, concrete strengths of them are not very
and marble. Other major geological units in the area are Palefavourable. The values are between 3.40 and 12.00 MPa, with
ocene age Egrigoz granite, Neogene age Kizilbuk formationa mean value of 6.93 MPa and coefficient of variation of
Early Quaternary age basalt and Quaternary age alluviun27.7 %. Ozmen et al. (2013a) may be looked at for further
(Seyitoglu, 1997; Oygur and Erler, 2000; Mutlu, 2010). information.
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Table 1. The definition of EMS and modified EMS grades used in 35% -

the study. = 309
Y g 30% -
i 8 25% -
EMS Modified  Structural Non-Structural ©
EMS Damage Damage o 20%
[T 4
Gradel Gradel.0 None Slight g 15%
radel  Grade1l.5 None Slight to Moderate 8 10% -
Grade2 Grade2.0  Slight Moderate E 5% -
rades  Grade2.5 Slight to Moderate Moderate to Heavy 2 0%
-4
Grade3.0 Moderate Heavy NN N A A IO IS BPAY
Grade3  Grade3.5 Moderateto Heavy  Moderate to Heavy ST F T
[ O O A O O O S
Gradea Grade4.0 Heavy Very Heavy Damage Grade
rades  Grades.5 Heavy to Very Heavy Partial Collapse
Grade5 Grade5.0 Collapse _ Fig. 1. The' r_atio_s of the damaged buildings according to modified
EMS classification.
4 Rapid evaluation methods method is given for two performance states as immediate oc-

cupancy (I0) and life safety (LS).

Rapid evaluation methods are developed for the estimation of The method is based on the capacity and demand indexes
the seismic risk based on building properties before an earthdetermined by statistical evaluations gathered from the build-
quake. When especially evaluation of a stock of buildings isings after earthquakes. If the capacity indexes for the 10 and
the issue, seismic inspection of the buildings may be classit S levels are both greater than demand indexes, the struc-
fied into three groups (Ozcebe, 2004). The first and the leasture is assumed as safe. If they are both lower than demand
detailed one is the “walk down survey”, which is done only indexes, the structure is unsafe; otherwise it is in grey zone.
by visual inspection and finished within minutes for a build-  As the other methods are for LS, to have a comparison LS
ing, like FEMA-154 (1998). The third and the most compre- part of it is considered. Since the other two methods give one-
hensive one is the detailed structural analysis of the build-parameter results, for similarity the capacity index minus the
ing. This may be finished in days depending on the build-demand index is employed to reduce the results to a single
ing size and complexity and requires specialized labour. Theparameter. As value of this parameter increases, so does the
second one is in the middle between these in the sake of theafety level of the building. The ratio of the capacity over
gathered information, required effort, expertise and accuracydemand index thought to be more suitable at first, but as the
which may be finished in a couple of hours. Usually this alsoindexes may take positive or negative values the results may
requires information on the dimensions of the building andbe mathematically unstable.
columns in ground stories, soil conditions and lateral rein- The capacity index depends on the moment of inertia of
forcement in RC members to some extent. However, neceseolumn and shear walls, effective area of columns, shear
sary information is much limited when compared to the third walls and infill walls at ground storey based on their larger
one, and the analysis process is much simpler. dimension, continuity of the load carrying frames, difference

The third kind of seismic evaluation for a group of build- between ground and upper storey height, overhang amount at
ings in limited time is generally not practical or even possible the building and number of stories.
for most cases. The first one may have limited accuracy when The demand index depends on the soil conditions based
specific buildings are considered rather than a group of buildon shear wave velocity, distance to the fault and number of
ings in a region. When the level of accuracy and requiredstories in the building.
information is considered, the second type of rapid evalua- Therefore, the required data are the dimensions of the
tion methods seems promising. Therefore Ozcebe (2004)columns, shear wall and infill walls at the ground storey, con-
Yakut (2004), and P25 (Bal et al., 2006), which are all sec-tinuity of the frames, ground and upper storey height, area of
ond type methods, are selected to be examined in the scopg/erhang portions, shear wave velocity, distance to the fault
of this study. These are developed by information on Turkishand number of stories.
building stock, which is in accordance with the damage data
used. 4.2 Yakut (2004)

4.1 Ozcebe (2004) Yakut (2004) has developed a preliminary procedure to as-
sess the probable seismic performance of existing reinforced

This method is developed by a project funded by Scientificconcrete buildings. The procedure has been tested and ca-

and Technical Research Council of Turkey (TUBITAK). The librated based on the data compiled from damage surveys
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conducted after the earthquakes that occurred within the lastveak-column strong-beam, lateral reinforcement spacing,
decades in Turkey. The method is based on calculation of ®oil type, foundation type and foundation depth.

capacity index by using column and shear wall dimensions at After calculation of R score, which is called basic struc-
the ground storey and compressive strength of the concreteaural score, 6 more P scores, having values between 0 and
Member area is summed up by multiplying a factor that de-100, for different irregularity and deficiencies are also deter-
pends on the orientation of the longer dimension. The basenined. B score is for presence of short column and based
shear capacity calculated from these values is modified byn the length and amount of short columns in the building.
a factor depending on the area of infill walls. Consequently,Ps score is for weak and soft storey and depends on the differ-
the base shear capacity of the building that includes the sheances of rigidity and effective area of load carrying elements
capacity of infill walls is determined. between stories.f5core is for the presence of overhangs and

This shear capacity is divided by the estimated shear deeontinuity of frames in the building.g%core is for pounding
mand of the building to obtain basic capacity index (BCPI). and given in tabulated form for the different cases ranging be-
The procedure suggests use of seismic codes for the calcul&wveen 10 and 100.g5core is for the liquefaction effects and
tion of shear demand. BCPI is the value for the regular build-depends on the depth of groundwater level and liquefaction
ings. For irregularities, it is multiplied by factors less than risk. Finally, P is the soil-bearing capacity failure score de-
unity. The aforementioned irregularities are soft storey, shorfpending on the soil type and the depth of groundwater level.
column, torsional irregularity due to plan shape and over- All the P scores are averaged with corresponding impor-
hangs, and discontinuity of the structural members in plantance factors, and,R the weighted mean score, is calculated.
and in vertical direction. Depending on this ?score, a8 factor is determined. In ad-

In addition, besides irregularity factor, BCPI is multiplied dition, an« factor is also determined depending on the im-
by a factor for construction quality. It is given for three portance of the considered building, expected ground accel-
classes as good, moderate and bad based on the value of &ration and topography of the site. Then the final P score is
regularity factor. For good quality buildings, it is given as calculated according to Eq. (1).
unity and for the others less than unity.

After modifying the BCPI for irregularity and construction P=a B Pnin. (2)
quality factors, capacity index (CPI) is determined. As the ] .
CPl increases, so does the safety level of the building. Buildings with P scores less than 25 are regarded as certain

The required data are the dimensions of the C0|umnspandidates for collapse. Buildings with P scores from 26 to
shear wall and infill walls at the ground storey, compressive34 should be further investigated, and P scores equal to 35 or
strength of the concrete, information about continuity of the MOre indicate safety against total collapse.
members in plan and in vertical direction, soft storey, irregu-
larity due to in plan non-uniformity and overhangs, construc-
tion quality, number of stories and soil class for determina-
tion of code shear demand.

5 Correlation between damage score and rapid
evaluation methods

The correlation of the estimations by the rapid evaluation
4.3 P25 (2006) methods and the damage after the earthquake may be a point

) _ _ of subject. The relationships between the damage and rapid
The method is the most detailed and comprehensive ong, 5iuation method scores are given in Fig. 2.

with the highest requirement of knowledge among the meth- 110 damage states of the buildings seem to be decreas-
ods mentioned here. It is developed to identify the buiIdingsing with increasing scores as expected but with low cor-
that have a probability of collapsing during earthquakes. Theg|ation factors. The maximum correlation factor is for
method is applied to 323 RC buildings with different dam- ozcepe (2004) method with a value of 0.28. The others are
age states, located in different soil conditions and subjected) 12 and 0.11 for Yakut (2004) and P25 methods, respec-
to various seismic actions (Bal et al., 2006). tively. The scatters from the trend lines are considerable for

Firstly, a Ry score is calculated using the dimensions of all, and the outcome may not be seen as satisfactory.
columns, shear walls and infill walls at critical storey and

building height. B score depends on the total rigidity and 5.1 Discussions on the reason of low correlation

strength of the RC and infill wall members divided by a fac-

tor for building height. Then fscore is modified using 14 Low correlation is somewhat unexpected, because all of

different “f factors” to get P score. these methods are developed and calibrated using past earth-
The “f factors” include corrections for torsional irregu- quake data and suggested to be usable for estimation of seis-

larity, slab discontinuity, discontinuity of elements in verti- mic behaviour of buildings in literature.

cal direction, mass irregularity, corrosion of reinforcement, It is believed that the reason for that are the local (mem-

heavy cladding, presence of mezzanine, different levels ober level) damages in the buildings. As the damage states

storey slabs and partial basement floor, concrete strengtlgre determined according to the cracks, whether the reasons
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Fig. 2. Relation between observed damage and considered rapid evaluation method (sgabzxebe (2004)(b) Yakut (2004), and
(c) P25 method.

for them are related with the global properties is very im- extreme example of this is the collapse of the Gedikbulak Pri-
portant. The global properties of the buildings accounted formary School after the 23 October 2011 Ercis (Turkey) earth-
in the rapid evaluation methods can be effective on the bequake. Even if the three story school building had shear-walls
haviour, if the buildings behave as a system. The single waymore than 0.8 % and 1.14 % of floor area in two principal di-
of RC buildings behaving as a system is the flexure. On therections, has experienced catastrophic collapse. The collapse
contrary, in shear behaviour members may fail individually of that type of a building is not expected as many resembling
independent of global building properties. When the concreteones have been evaluated before (Inel et al., 2008b). The rea-
strength and lateral reinforcement amount in the building seson for the collapse is thought to be insufficient lap splice
are considered, the members are in the grey area betwedangths and joint failures (Ozmen et al., 2013b). None of the
shear and flexure. rapid evaluation methods can predict that a building with that

Additionally, the damages due to improper construction much shear wall could experience collapse. This emphasizes
like reinforcement detailing mistakes, cold joints, and for- the importance of the some local factors that are hard to be
eign substances in concrete cannot be identified consideringonsidered in these methods.
general building characteristics. All of the above-mentioned
reasons of damages are reported in the Simav region (Inel &.2 Detail level and damage correlation relation
al., 2013).

Since the earthquake was not very devastating, the damaggithough all of the correlation factors between rapid evalu-
levels of the buildings after the Simav earthquake seem to b@tion methods and observed damage may be considered
in various ranges. If the earthquake had been a larger angdls low, it is interesting to see that the one with the least
destructive one, it would destroy or heavily damage all thelevel of detail has the best correlation. If they are ranked
deficient buildings, making them in the same damage gradein descending detail level, the one with the highest re-
Since the better ones are more Ilkely to behave in ﬂexur6quirement of information is P25 method. Yakut (2004) and
the global building properties will be more representative re-Ozcebe (2004) methods follow, respectively. Nevertheless,
garding the damage grade. Under those circumstances, it ghe correlation order is quite the opposite. Even concrete
believed that better estimations may be achieved by the rapidtrength and amount of lateral reinforcement are not con-
evaluation methods. sidered in Ozcebe (2004) method. It is the most statistically

Use of these methods in extremely deficient buildings, likepased one and also called “statistical approach” (Ozcebe,
the buildings with extensive lap splice length insufficiency or 2004). One may consider if the simple statistical approaches
joint failures, may lead to very erroneous estimations. Onenhandle the mentioned uncertainties better.
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The P25 (Bal et al., 2006) method accounts for manyOzcebe (2004) method, it is not considered at all. Same is
points that are not or less considered in the other methodslso true for the amount of lateral reinforcement. It is not
like the depth of the groundwater level, liquefaction risk, soil considered in Yakut (2004) and Ozcebe (2004) methods, but
bearing capacity, presence of partial basement floor and toi is a parameter in P25 method like concrete strength. Even
pography. Therefore focus on the structural properties someif they all have the same goal — rapid assessment of RC build-
how scatters. As an earthquake becomes larger and motiags — they handle the problem very differently. Many other
devastating, the aforementioned properties become more inmimportant divergences may be found between these methods.
portant. Otherwise they do not much affect the damage and Although the correlation factors are low, when the figures
cracking in the building that defines the damage state. Thereare examined carefully, they do not look to be much unre-
fore, if such limited data may be generalized, it seems, if thelated, except some points that are very different from the
problem is the estimation of the damage state for moderatérend lines. In all figures, correlation factors are greatly re-
earthquakes, rapid evaluation methods with extensive paranduced by these points. These figures belong to the building
eters may not be the most suitable identifier. properties, which are handled differently in the methods.

The Ozcebe (2004) and Yakut (2004) methods are the ones
which have the greatest similarities with the highest corre-
lation. That is a very expected result as they both greatly
depend on the properties of the load carrying system of the

The second subject of concern may be how the considereguilding and_irregula_lrities. Howeve_r, _in P25 me_thod the I(_)W-
rapid evaluation methods are related, if the values of theest P factor is very important and it is the basis for the final

scores of the methods are in accordance with each other. IFCOre- The lowest P score may be due to liquefaction or soil
Fig. 3, the correlations between the couples of the rapid evabearing capacity, and the final score may have little to do with

luation methods are given. The correlation factors again hapt€ structural properties.
pen to be low, between 0.24 and 0.29.
The low correlation may be expected when the differ-
ences in the methods are considered. For example, the co- Summary and conclusions
crete strength is crucial for the Yakut (2004) as it directly
affects the capacity index. However, for the P25 method itA major portion of the existing Turkish building stock
only affects one of the P scores among seven, as being oneonsists of seismically deficient buildings, like in many
of the other 14 “f factors” that affect the same P score. Inearthquake-prone developing countries. For the mitigation of

6 Comparison of the rapid evaluation methods
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the damage before an earthquake, the evaluation of the exthese methods are important steps towards the estimation of
isting building stock is the first step. The great number of damages for stock of buildings in a practical way. The eva-
buildings to be evaluated is an obstacle for the seismic ashuation of the strong and weak points of the rapid evaluation
sessment of all buildings in stock. Rapid evaluation methodanethods and when to use them correctly are among the aims
are developed to overcome this problem. In this study, theof this paper. This way it has aimed to contribute to the de-
correlation between the rapid evaluation method scores andelopment of these methods.
the damages after the 19 May 2011 Simav (Turkey) earth-
quake is evaluated.
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