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ABSTRACT: The first and most important step in the preparation of seismic retrofit plan for existing
buildings is the analysis of their vulnerability by conducting retrofit studies and preparation of qualitative
and quantitative vulnerability evaluations. However, most of the existing buildings in Tehran are in
urgent need of retrofit studies due to reasons such as high seismicity, up-gradation of building and
seismic codes, the abundance of old buildings and so on. In these studies, it is very important to identify
the seismic status of the buildings which are in the first priority of seismic retrofit, especially the ones
with public use like schools. A seismic risk prioritization technique for steel buildings was proposed
in this paper using a risk assessment hierarchical structure and fuzzy inference system. Afterward, this
technique was applied in a case study, validating the results obtained for the steel buildings of the schools
in Tehran. At the first of the prioritization process, the required information of the buildings was classified
according to the designed hierarchical structure; Then, after quantification of the qualitative data and
the fuzzification, the data were modeled and defuzzificated based on the fuzzy inference system; This
process was performed for all stages of the hierarchical structure to obtain the seismic risk parameter.
After the qualification, this parameter indicated the risk of buildings and their requirement for retrofit or
rehabilitation. The results that are distinguished by urban districts, determined the high-risk steel school
buildings requiring retrofit studies and have shown the role of each effective parameters on the seismic
risk of the buildings. These results indicated that among 160 steel school buildings in the studied districts
of Tehran, 83 buildings require studies for retrofit or renovation of which 32 school buildings have a
more critical situation. Another study also showed that in 6th and 8th districts a high percentage of the
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school buildings (above 60%) are in high and very high risk status and require special attention.

1. INTRODUCTION

The process of the seismic risk prioritization of steel
buildings has been introduced using the fuzzy inference tool.
At the core of this process, there is an optimized hierarchical
structure specifically designed to determine the seismic risk
of steel buildings. The input parameters of the process are
selected to comprise all the factors affecting the building’s
seismic risk and are evaluated by a fuzzy inference system
(FIS) in several steps to determine the seismic risk parameter.
In order to test the productivity and validation of this process,
160 steel school buildings of Tehrans selected districts
(with the different population, urban texture, and seismic
conditions) have been studied. Using the results of this study,
it can be determined which schools have more critical risk
situations than others and require more attention through
retrofit or renovation. The advantages of this process are
easiness, comprehensiveness, and flexibility in application.

*Corresponding author’s email: mraissi@iust.ac.ir

2. HIERARCHICAL STRUCTURE OF SEISMIC RISK
ASSESSMENT

The hierarchical structure shown in Figure 1 is a proposed
and developed model derived from the one presented by
Tesfamariam and Saatcioglu in 2008 [1] which evaluates
the seismic risk through seven levels and ten stages of fuzzy
inference.

All parameters of this structure, such as plan and vertical
irregularity, diaphragm type and so on were considered as
input parameters of the prioritization system which requires
their data to be collected for each building and the other
parameters of the hierarchical structure are obtained from the
evaluation of these ones.

3. CASE STUDY: SEISMIC RISK PRIORITIZATION OF
STEEL SCHOOL BUILDINGS IN SELECTED REGIONS
OF TEHRAN

Due to being located on several active and semi-active
faults, Tehran was considered as a zone with high seismicity.
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Fig.1. The hierarchical structure of seismic risk assessment

Considering the fact that almost 15% of the population
of Tehran daily spend their time in schools [2], the
improvement of school buildings should be taken seriously
into considerations.

In this regard, a case study was conducted to determine
seismic risk prioritization of steel school buildings in 3rd, 6th,
7th, 8th, 12th, and 13th districts of Tehran. These districts
have been selected for reasons such as the high seismicity due
to its closeness to active and semi-active faults, the variety of
schools’ structural texture, the high economic, historical and
political significance and relatively large populations focused
on these areas.

Therefore, the information of 3194 school buildingslocated
in the selected districts of Tehran has been collected by the
Organization for Development, Renovation and Equipping
Schools of Iran (DRES) [3], from which 808 steel buildings
were extracted. Among this number of steel buildings, 160
buildings have the information needed to perform the seismic
risk prioritization.

In completing the seismic risk prioritization process, data
evaluation should be done for each stage of the proposed
hierarchical structure from 1 to 10 (Figure 1) to determine
the seismic risk value of buildings.

The results of the seismic risk parameter are categorized
qualitatively in fourlevels: Very High, High, Low, and Negligible.
The determination of these levels done by a technical expert is
similar to the “cut oft” values presented in the 2008 paper by
Tesfamariam and Saatcioglu [2].

4. VALIDATION

In order to validate the results of the seismic risk
prioritization, we have taken the results of seismic risk
evaluation for 20 school buildings from the DRES’s assessment.
Therefore, all rules, components and the initial assumptions
that are considered for input and output data were calibrated
through the validation of prioritization results.

According to Figure 2, the percentage of correct results
was 80% and the dispersion percentage was calculated as 19%.
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Fig. 4. Seismic risk status of 160 steel school buildings divided
into the studied six districts of Tehran

The most important reason for the errors existed in the results
is mainly because of the human-based error of the judgmental
and non-technical evaluation carried out by the DRES.

5. DISCUSSION AND CONCLUSION

The results of the seismic risk prioritization approach
validated through two types of control procedures and were
ensured to have high accuracy and proper performance can
be cited and used in preliminary retrofit studies.

According to Figure 3, about 52% of the steel school
buildings in the six districts under study require retrofit
or rehabilitation actions of which 20% should be noticed
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immediately.

Figure 4 demonstrates that the most critical districts in
terms of the level of need for retrofit were district 6th (71%),
8th (60%), 3rd (55%),7th (53%), 13th (44%) and 12th (26%)
which have the risk status of High and Very High.

As a practical and specific conclusion, the seismic risk
status of 160 steel school has been investigated and the result
was as follows: buildings with High and Very High-risk status
are mostly irregular in plan and height, due to high age they are
less robust and consequently earlier seismic codes have been
used in their design and construction, population density and
hence their percentage of occupants per area is higher, the
economic loss of these buildings caused by earthquake damage
is higher, mostly they are used in educational applicant and
their experimental period is more than other buildings. Also,
the high-risk status of the buildings with flexible diaphragm
and walls with the ability of out-of-plane movement indicates
that these two parameters have a significant impact on the

seismic risk prioritization and are desirable to be taken into
considerations.

Because of the flexibility and efficiency of the proposed
hierarchical structure in the prioritization method, this
method is applicable to RC and masonry buildings as well as
to buildings with other uses such as emergency and medical
centers. Users can also add or modify parameters in the
hierarchical structure.
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Fig. 1. Modeling procedure based on fuzzy inference system
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Fig. 3. Selected districts of Tehran for seismic risk prioritization study
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Table 2. Fuzzy numbers and calibrated membership functions for the input parameters (The 2nd Fuzzy Step)
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Fig. 5. Peak ground acceleration (PGA) maps with occurrence probability of 10% in 50 years using attenuation relationships
of (a) Ambraseys et al.(1996 & 2003); (b) Zare et al. (1999 & 2006); and (c) Campbell and Bozorgnia (2003 & 2006)

0A =20 BU=08

I

EXX_LLL___
TN

LAUBVLIY I
)

0 1

Vgl » Wil il 3 S (b 13 BE (2955 siolly s BU 5 OA (63959 yinlyly 99 & bgzye (o Cuguis milgh layloges 5l slaiges & JSi
&3 waelgd ol oyl38
Fig. 6. A sample of triangular membership functions diagrams related to 2 input parameters of OA and BU and the output
parameter of BE, using an evaluation process based on the fuzzy rules base
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Table 3. Membership functions and calibrated weight factors for the output parameters of the ten stages (The 3rd Fuzzy Step)
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Table 4. Transforming the value of seismic risk to the linguistic levels

ploivl Candy | plaidlo gndy b zobw | R lojyl g0 yhs 0oguze
L’ ['a'~Y)
Sl Lyl 3o i
©S [-.Y,.f)
L i L ok [-.f,..%)
SR i [5.A)

Slus,d soled (g red 4 Cowl ol oolaiul oy I il o
Sheailond 48,5 Jai )3 (29,5 9 699)9 sla 0dld (g1 45 2yl
50,5 (50 0yllS gty Cugll @S (i Ll B,k

wlllae ogas ;5 Gloj) pdhs @l e Ll
il 48y D90 ) JSUS 90 Lags Sl (6990

Sedg duslio G5k 5l 7S (nl e @l wo s sl
Seay Sordg g 485 Oj90 b)) ol p plele S,
429 b o9l oo plonil Glojlo 5l (8L )0 (2l (bl 2 Gles Lo
1S 0gd oo ala>dlo ooz A )3 0 9 T gl i @
VP Sy Cepmdg ey (Lol Vo Sy ) Sy ol (e
L) Sy Somdg b oS @l (sl a2l less L
G Coglyl e @l seje Galplh Sk e plesle
2Bl oo ALl o3 iy s

o dloes (sl 05 ) (6 iy s @l (SasSTy ao)s (sl
Oloslo 51 (8L slos ) ndpshas oLy @l b anlia o
Sligdme 5elle Jdx goezme anulxe )b 3l 58 S
] oo Caws &y (F) abayl) ssllae (RMSE) "lallas

IS ® -R)
RMSE = —Z(N ) ()

S ol o) b plaxsly S sl 5 bl N alal, ol 4o
olessbe sl glojla 51 (28l sl s sls Ry Y+ L
pli Glislo @lp oads dslme gloj)) (spdysks Ry g pli
Ve slrslo ) snipshs @l (SaSly wo)ys plie il o0
il e VAL ol conds obj ) s joe lessle

Bl sle) spdhs mls on awlie ¥ 52

1 Root Mean Squared Error

05 2 sl (LS e Cogae &b 5l esliiul g ez o)
wil o0 5797
Ol Sz od bl sle leitle ok Caglsl sl
oo (g3l aslip S (9 polaie 4 (Sl sle lexsle
ghe ez 0 S Oge @ Glop) ik gLl mls
0 yllS san aibs ol il oad (g aib 5ol g o5 b wpad
JUESR VI R PR RGO R WO R PO G PRC S W
Jlo allie ) 3gmge "o aad" yolie b alive wo,es olis S
odazen anld o b [Vl glegl mele g ol lalaws YA
& bzl o)l 5 0ps it lS Dol 5,8 I o L
S o Candy g co gz opl 5l eolatul b el sl s
jloged atine (oS Ojpe ) wyp Cov gla Sl
5 =5 @l g slojle Slarie jl Slosr & Jeux 509,
Ol 3D onlse o¥9d leisle Yo sloj) g ndy s (AS
(o o0 bl ;o &dly aslllas 5)50 goVg8 laislu VF-
sy ylid cailoass 7 cdl o yeiS wilae gilwy Hlejle 5l aS
Slastin Sy aS Sl S a a5V 0 Jauz 0590 50 .ol 00l
Lt o 45 0513000 £33 5 cglojls i 55 45Le Sl 3,90 (sl
a3) Wloads oilxS laisle oS & jle jo wilosis (S5 Jaam o
o)Ll dwyie plaisle Vo mls 5l (09 axg Jooo by o

s anlgs ooliial el llS gz ety ik o Lileie w0l

T () lel -0
Srdplt o Suggl ) Jol> mls (e jlel jolais 4
PG & 88 ples i lae o¥s8 o leisle lo))
o awyie plasle Yoo bl sl olal ol el s

2955 Gole slwgs lejbe 5l (T 6l o5 ) Sy 2 @l

ver



V05 1 VYT doio YA Lo o o)l Y 0593 S yual lyos cwiges il

ovloe 0¥ g8 (sl Yo gloj ) (s iy s S 9 (o5 glo g slojlw wlasin b Jgus
Table 5. Structural features and the qualified/quantified seismic risk results of the 20 steel school buildings
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Fig. 7. Comparison between seismic risk results obtained from the DRES and evaluated results in this study
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Table 6. Classification of the structural features of the 160 steel school buildings

aaseino (pl GlhHlo gyl le sluxi | dasin b Guogi [ lade &lojlw wlasice K9,

v¥ aly

\vs = O S (solaial )
Y. aly

vy " el )l o olael Y
hYd iy Sllass] S g v
¥ o :

A V olpg ol S

t: ; ::::z &loj ) asb ol oS ¥
Y Y swlye

\Ya aly

0 = b lgs0 a3l 7 l> oS > ol IAY
oy e OB

I S &lojles s 7
Vv gl

vf WS o E AR

\ig EWSL R G E A o

Yy EWLARAR LA ] 7S ool 090 \4
YA EW L IR

VO PV IR

Oaos O

aby O Oist

O pd ybeis dwyoo 53Y 8 loss L 1P+ (gl o) (o dy phad Coumdg A JSCi
Fig. 8. Seismic risk status of 160 steel school buildings in Tehran
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