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ABSTRACT: Today, the science of risk analysis and seismic improvement of structures are from
the earthquake engineering branches, whose process is very long, bulky, and costly. One of the most
important problems in this field is the timeliness and the high error rate, so achieving a logical result
can be used by decision-makers to solve problems. The goal is to provide a method to help accelerate
earthquake risk analysis through refurbishment studies using neuro-fuzzy tools.400 schools were
selected from Shahrekord and suburbs schools and then evaluated their seismic risk acceptance using
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a quick evaluation checklist based on the Rapid Assessment Guidelines of Buildings 364 and the ATC
methodology. Also, with the help of wika software, among several structural data, the most effective
ones were selected based on the number of replications and the value of the selection, then Anfis
software was used to design the neuro-fuzzy system. To check the accuracy of the designed model, we
first compared the level of risk obtained from the neuro-fuzzy system and the actual level of risk, and in
the next step, we calculated the amount of dispersion of the outputs of the system and compared with the
results in the data. This implies adopting the results of the neuro-fuzziness system and the results of the
qualitative assessment and proper operation of the system. One of the main advantages of this method is
the modeling of uncertainties, the entry of information from the structure by qualitative and quantitative
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methods, and the high speed of the risk analysis process.

1. INTRODUCTION

In this article, using neuro-fuzzy intelligent systems,
risk analysis studies were carried out [1]. Shahrekord and
Suburbs Schools’ Improvement Data Collection was used
for modeling. These specifications of the structure which are
effective on the earthquake, include the maximum ground
acceleration’ in the site, the type of the structure on which it
is constructed, age of the structure, structure’s area, the lateral
load system, type of the structural skeleton, type of roof, type
of the foundation and regularity of the plan and the height of
structures [2],[3],[4]. In addition to the 10 data, there is also a
collection of other data that indicates the cost per square meter
of structural improvements, and three groups of structures are
considered as outputs of the system: economically inefficient
structures (high risk), structures that have been completed
due to the cost per square meter (medium risk) and those that
do not need to be improved (low risk). Among the 10 selected
parameters, based on the specifications in the standard 2800,
the most important and most effective parameters in risk were
selected through the decision tree technique and by using the
method of algorithm j48 and WEKA software [5]. Based on

1 PGA
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the results of the software and Table 1, six parameters were
selected with the highest score and their membership features
were drawn.

Table 1. The score of the parameters in the decision tree.

Type of Maximum
Parameter structural acceleration of the
system earth
score 1125 1560
parameter type of roof soil type
score 730 2354
regularity status
parameter of the plan lateral load system
structure
score 1125 384
type of
arameter age of the struciure
P foundation 5
score 1125 3892
the structure's regularity status in
parameter .
area the height
score 256 827
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Fig. 2. PGA Fuzzy Membership Functions.
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Fig. 3. Fuzzy Functions of Soil Type.
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Fig. 4. Fuzzy Function of Structure’s age.

2. MEMBERSHIP FUNCTIONS OF EFFECTIVE
PARAMETERS

For maximum horizontal acceleration (PGA), according
to the 2800 standard, the four values of 0.2g, 0.25g, 0.3g, and
0.35g, respectively, with degrees of membership of 1, 0.6, 0.4,
and 0.2 for the design of the membership functions of this
parameter Gaussian type was used [6],[7].

In standard 2800, 4 soil types I, II, III, IV are defined
and designed in the shape of the curve, and with degrees of
membership of 1, 0.6, 0.4, and 0.1, respectively [6],[7],[8].

Three qualitative descriptions were used in the membership
function of the structure, with a low membership degree of
1, average membership degree of 0.5, and high membership
degree of 0.1 [2],[6],[9].

The amount of regularity in the structure of the plan is
considered as yes or no, and according to individual judgments
and from different people’s points of view. Membership
Functions of this parameter are of a sigmoid type [1],[9],[10].

Based on the information related to the selected structures
formodeling, thereare five types of structural systems (concrete
flexural frame with the shear wall, concrete flexural frame,
moment steel frame, simple steel frame with a brace, building
with masonry with The degree of membership of 0.9, 0.8,
0.6, 0.4, 0.2), and six types of foundation (paddle foundation
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Fig. 5. Fuzzy membership functions of plan’s regularity.
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Fig. 6. Fuzzy membership functions of the structural system.

Fig. 7. Fuzzy membership functions of various foundation
structures.

without tie, paddle foundation with tie and ramp, horizontal
cradle under the wall, strip foundation, combined footing and
raft foundation with membership functions of 0.1, 0.25, 0.35,
0.5, 0.8 and 0) [2],[6],[9]. The membership functions of these
parameters were considered as Gaussian functions according
to the building’s function against earthquakes and different
judgments of individuals and experts about each of them for
uncertainty, as it is shown in Fig. 6 [9],[10][11].

The output parameter or the seismic risk aversion of the
building is divided into three categories of the low, medium,
and high-quality description [1],[2],[4]; the membership
functions of this parameter are Gaussian curves. The system
uses the Sugeno class. Some of these rules are given below
[12]:

1. If (PGA is 3) and (Soil type is1) and (Age is 1) then
(Hazard is 1).

2. If (PGA is 3) and (Soil type is 2) and (Age is 2) and
(Order plan is 1) then (Hazard is 1)

To evaluate the accuracy of the designed model, from
400 schools across Chaharmahal and Bakhtiari province,
information from 300 schools was used to train, and
information from 100 schools was used for the final test of
the inductive system randomly. In this case, the accuracy
of the system is designed once for training data (300) and
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Fig. 8. Main data model after training for 5 data.
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Fig. 9. Test data model after training for 5 data.

Fig. 10. Main data model after training for 6 data.
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Fig. 11. Model of test data after training for 6 data.

Table 2. Results of the accuracy of the designed model.

Sum of the
Type of Number of | Results from root mean
data inputs classified data | square of the
error
5 (.50 0.0386
300 data 6 0.69 0.0281
5 0.45 0.0596
100 data

6 0.74 0.1165

once for testing data (100) in two input types of 5 inputs
with continuous membership functions and 5 inputs with
continuous membership functions along with the type of
foundation parameter is evaluated. Also, to examine the
system designed for the results, on the one hand, the number
of correctly classified results was surveyed by comparing
the predicted level of risk with the neuro-fuzzy system and
the real hazard level and, on the other hand, calculating the
amount of output dispersion of the model with the results
in the data was obtained through the sum of the root mean
squared error using Eq. (1) [4],[13]:

(1)

\/ Z; (data hazard level — hazard level estimated )2

n-1
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The results obtained from performing the two above-
mentioned controls on two models with a variety of
parameters are According to Table 2.

Finally, the proposed model yielded 69% of accuracy in
the data classification and the total root mean square error
of 0.0281 in the 300-item survey. Also, in the 100-sample
data, 74% of the data is classified as correct and the root mean
square error is about 0.1165.

The result of the comparison of the hazard outputs based
on the proposed model and the main risk category in the data
is provided for the information of 300 schools. In Figs. 8 to
11, the horizontal axis represents the school number and the
vertical axis represents the level of risk identified with the
proposed process and the main identified risk level in the
data. Therefore, to eliminate the output error of the proposed
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Table 3.
Fuzzy Level of the
i Numbe A ¢ of type of type of Regularit
Row | Type of Usage umber rc7a . e o . vpeo YPe 0_ cewartty hazard Main hazard of
of floors (m”) Structure | Structure | foundation of plan
Level data
Kar o danesh Resistant (low
1 . 1 6213 9 braced pad regular 0.9 )
Conscrvatory risk)
flexural Scmi-resistant
2 high school 2 1662.6 23 cxura Concrete tie regular 0.41 cmi _rwb -an
frame {medium risk)}
Elementary . i Destruction
3 1 106.42 35 masonry | Concrete tie regular 0.3 I
school (high risk)

model, the smaller difference is considered equal to 0.1 and
with the main data hazard level [1],[14],[15]. Therefore, it is
clear from the table and figures that the proposed method has
high accuracy in the rapid determination of the risk level of
structures with the help of 6 initial inputs. The effectiveness
of the proposed method is examined by determining the level
of risk of these schools and comparing them with existing
results [4],[16],[17]. Table 3 represents the other inputs to
the software as well as the results obtained. The results of
Table 3 show a very consistent adaptation of the results of
the suggested method with the available results. The reason
for this type of difference can be explained with the help of
the uncertainty debate in the proposed process [18],[19].
The results of this table represent the proper performance of
the proposed method for determining the level of risk of the
structure and its rapid assessment.

3. CONCLUSIONS

Using the results of the neuro-fuzzy system, qualitative
assessment of seismicity of the region is possible. Based on
the earthquake standard of 2800, Shahrekord is located in a
high seismic area and according to the seismic zoning studies
carried out in the north, central and southern parts, it has
a PGA of 0.29 g, 0.24 g, and 0.30 g, respectively. However,
according to the results of the neuro-fuzzy system, the values
presented in Table 3, PGA of the region and the probability
of destruction in resistant structures due to uncertainties, the
northern, central, and southern regions have too much high,
high and high risk, respectively.
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Table 1. Score the parameters in the decision tree

3Ll Solyl Slel bl

YY . €95 05lw i VYO | &g pommns (5lo3Lu
YrOf 5 S V0P | e 3o Ll (e
YAQY ot o3l VO | &P ol
AYY Camdg ol jo glas )| voF T 25 L
VAT | e bl | VY0 ] oy plii )0 O

27 2N Sl b o s, b Slgd sl cays, sl 2°
F E byl nl polol iss oo V6 55 5 2
su\.wl.f GA \ﬂ 9 \0 cV s\‘ c\\ c\? Q‘}L:;A‘ &.{\?L@D, C, B, A
Ty e jA8 wm sl by, 5l el w50 (b sl
Ll 0als oolazuwl

5 sl b oolyen 5L (e (o5 ool lBle s G IS
Gl ab (oo S (sl el ol sles sl
shoslitul b o yoSl cnl 51 ()19)95 0 a5 Bk (o0 oS 9
sSan Laly Sy 585 onl Al oo mduolSel b osls il
Sl oo; w.bbB cuBLa...A 6;«50[4 6L$b f""")ﬁﬂ‘ )l LS)LA—A.M—’ Ls‘).l
@ @bl s Ghilor o G G sle sy Gk Sl &S
JLo&‘ J;ls 39290 oals L;Lb ACgoto dod (59, ‘_g)i;'e GL“C)-E
1 ool cilizes oo o,s5l (3l ool g l38la 5 sl
degazme (goiy aib g Juli g ar5o0 J48 o3 )50l 4y oS
o U"'"?s 9 ‘5....1)9.01 6&00‘&

3 )90 s (51 by (512 g 138l 5 5 ol gl ulusl
2% Shlael b Gus, VY shls ot (ol et 5o ol
il o) Jso @illas el lls el 5 asl 0 2! G

bl 75858 el Ve 5l Ol ooV g el

£ 103les Oyniliid £53 ¢y it mas;SLe S g wojl yas

Yoo

by sl Joo b polie 4 Wilgs o o3 (ol a4 aty 6,188 5550l )
b et ol
2 Weka
0p5 (oo yge pE slaools (55; p o Sl (oS den ol Ailoy i Y
(g aws o eoliiul pa s sla (B5ls s sl a5 9580 e 0 Shso a ], il g
WL 5 Sse 5 5 ool
4 Decision Tree



YAV B YAY docio VFe v Jlo o) oyl OF )93 epusS paol () yos (wrbite &y

v.bad{0.35) bad(0.30) good(0.25) best(0.20]
1
R u
I'-I 1 1 1 1 1 1 1 1 1
0 01 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
innut variable "PEA"
PGA 3L cugac pilgi ¥ JSCi
Fig. 2. PGA fuzzy membership functions
v.bad(IV) bad(lll) best(ll) v.best(l)
1
058 -
I'-I 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

inout variable "soil-twoe"

S g5 638 Cagae @l ¥ JSL
Fig. 3. soil type of Fuzzy membership functions

(PGA) ey Sliss pou S lo Coguae milgs -V-Y
7S5 S o adlie Sy sl TPGA) atn (Bl Gl
sl e cslSs Ol ailge o] 5l alols Clis sllas 03 o
ol ez a5 PGA aiin 0l p o 0500 adlho 95 5,10 ga>
oy Camd el 005 (55 03l 5Lb allhe Sz s Ygans
Gl oo y) gy b Ll abaly ey (il sls oot T o
Seoliad log s (0 55 )5 Ned (o0 03liinl ey DS o g 25
L (Seop ahal) domb o9 clo L sloojle 0 Jol>
b (sats el ;0 ol 0 )8 olid aniy .3 lsPGA
255 58,18 puitne abasly )5 @as b e PGA izmen 00 )b

Syle b ojle gl,> )0 cepe

0.2g i Jloz 5| PGA (ly YA+« o jluibisl & azg L

1 Peak Ground Acceleration

¥

A:ﬁ+...+ﬁ ")
X X

n

S CAR PRE VPRI VPO ST - BT KCEIE VoW g T

o gy @l Ll Vg /A Y D Y e e s o
Peb oo Joli ) o g jao o s )lasl sl Sl atagy e
20l plad (g (oo S 039 JSI (o 5 p 5 (o1l g &y
or J s alasals 0,55 30 5 Jold |y Lo Caalad o
€55 (nl 3 s 85 (l38l pslate & 100l (o yho ol L]
pas Jleel jshaie 4y .0l ooliinl Cugac mg Ak slp ails
ol Aoyl Alwgy Cagas mlys jleslitul Jus G o b ol



YAY B YAY daxbw NF- - JL..J A D)LM OY 0y9d x).:.aS).:.Al u‘)a& L;‘JA-;'?(" 4.3).“;

Membership function plots

T T T
hight middle

0 0.1 02 03 04 05 06 07 03 09
input ariable "structure-age”

ojlw yoe (G5 Cogas ply F S
Fig. 4. Structural life of fuzzy membership functions

Membership function plots

0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
input variable "Train-plan”

O 58 (oolie (531 Lo gae lgi O S
Fig. 5. Fuzzy membership order functions in the plan

sl ala>de BB 51l o g (omdlS 3 (glgiomo cainals Jolds 1y
S > S w355 gl &y e oy s )35 e
O S Y S )l 02g bl dils o 05 (S i
25 oo Wl e s S > Sleogad el 5O (coge sl
&y D el s Gojgal slp ey ool bl s
50 odd iy i S glgl Glasin gub oo el )l cpl Cogac
wiie Syp IV IILIL T S5 g5 F Lol YA« + o il
el oals >l /Y g /F e fF N Cogacax p b g
Gl S b lie Slasie s o3l oo S Cal (San
SB g5 90 5 il b 5 ail YA- -
&y leogas g la Cuabd pae opl (85 15 50 gl Wil
L aSis ok aid 5 5k )3 JS4 o |) SIS 95,0 (6l Cugiae
Slasein 7V e+ il ad T gg3 S Mo i ls Sligean oo
sy s b s L TIT o T g5 slo S lasein 10+ w355

S lasliwl jo ouds Gy s

Sl ol Peugas wl (b sl 0.358 5 0.3g 0.25g
IS ot &y 5ol )yl 4 g e Sy gae mili ol ool
0.25g 0.28 ¢4 bz slp PGA Cosac ax )0 055 oo pmv)
Sl plaS e il o oI g /F /7 ) 5 4 0.35g 4 0.3g
e b e jp 5 oo axly ply Blie Jlade jo PGA s s
665 ol 55 o0 1, PGA |5 coalid aoe 55 Slisgeod iyglons
2 sl ks Jlss 5l Jol> PGA a5 s)ls Jlexsl a5 5,5 oL
5,5 105 PGA Slio sl &glicie o lailiwl 1 55290 PGA L )5
Jeloss Slllae b Lol ooty Ll 0.38 som axgy sl a2 o

Db 0 0.38 40d 35,0 50.298 o9 dihaie PGA (o

e S5 g5 Cape ol XY
Msﬁuf)}wuboya}wfo&:b&mb|ﬁ

oy

1 Fuzzy Membership Function



YAV B YAY docio VFe v Jlo o) oyl OF )93 epusS paol () yos (wrbite &y

ol Dglite cilisee ol 3 sBwus 5w b os,] Oygar Db o
4 $r9pe ) nl po Coxbad pas low (35 Lo cplple
W3k (oo JlhgeSw g9 5l Sl cnl Cuglae @lg ) (o0 Sk
Lol gy 009 gl alire (slo o5l jo las aSl 4y axgi b
I+ et e a3 0 i A S 5 eliie 3
Cugac 4>, Wb g ol cdoen S L plail sle ojle sl g

FUER SRR EIN

Ogeslaid g 05l s 95 by po Cugae @l -0-F

(ke Joe Gl coxiie b ol 4y by e ledlsl ulul
i )10 3929 glaid g9 96 7 g sl ojler pas g4 0
S8kee 092w 3 Hke slayally Sl pgealaid g5 5 SleiSle
Slitle Gla pias 5l g5 0 a5 0og A3l plp e GleiSle
Olye 4 amms (o lis Jeall (uSe W plp o (ool g2 4
4 ool OB s 4 Cod (Y98 cded OB s Jle
bl 4 gglate Slasin o L8, b [Ken an)le ol o
lp aBb (oo 0 Sles g Zaglie gy JUl (JSB i (S5
g o8l Dglaie gl wglad 51 Lo e coswlad sue 285 a3 o
PUSs Billae qwsS mlg 5 TS SS e 0550 p0 lelis)lS
a8 1o le (6l o5le piaen £45 il el 00l colaiul
(V9 (et b (S (et DB (Dl olyen 4 S
& @l dlas b pleBlo wn)les olpen 4y (g0¥s8 ool B
o ypmatlazd 5 /Y oo /F co/F e /A /8 gla Cogiae a0 b o
B ol 5 5Ld Lol pon 0 jhie (o LB g 0 jhie (o Sl
£ 5 3l (0 038 (g 5 S0 2 )P 2l n) (B
Con S £33 51 0V goIA o ID o I¥D VD ) Cogie sy
(Y JSs)

T3 Cagas mlg 7Y
o & gleasle Gloj) pipshs lea b (295 b
&ly sl 00l g 0L g Jawgio o RS oyl dlwd
e Dy 3 Glhgen g <8 Jdo 4y bl cpl Cogae
as ..\.wl.: asls Nt ‘_g‘ °)l-MJ | )&AA as ‘).‘> s.\...ul) ) GMJ;
0L g Jawgio atws 90 o il Sllae g SOlalllas Ll 4

Yoy

.>5:’>Q.3|9C~..;|I@j‘@ao&bb&&t&a;d@o\ﬁw
Seb S g5 039 e eizred tdl (o0 S g5 50 plel SO
&l sl ond ik Joo 098 (o0 6552 b Cualad pus sbn]
595 ,bliie Taws 5l Job 40 a5 cal (ol 4565 4y SIS g95 Cugiae

09.....» Go.b )M uu)‘d.fu 09.’> u)jl.‘xa ) ‘5'5 ‘J:>‘5 )"‘)" LS)L’M

ojle yoe Cogae aly -Y-Y

Slsie &)l 0T (sloj ) s hdy p glimr 550 ol poe
ol 425 Wed oo (b e jee Gl s e ojle b
5 8l Gloy cBdS Lot (g Bl (o0 Jlo £ B O e
£983 plSin ojl o Shos ;5 e b b bolys o5 ot 255
Sl aLBlo ).ula G0 958 4 (60¥gd slo ol ;o 05l oo aJ3)
b Sliga alowg 9¥58 (53,55 Sl (loj S a5 4S5 5k
Jolge ol yoe Gl L S0 gm jl0 )0 3525 o ljaims S
glae (Sogwyd 5 (5995 ( Snd i) oile p 50 g 05
w2 (S la)l o o5l )18, (K8 (95055 Jalse 5150
A5 Ty il

20 b oS &S rog a0l jes gl @y o
N Caghs a0 Lol 500 Cugas 4z o b hwgie ) Cugac
6l glisd s s yzall ol 10 95790 Connlad pas s colizl
Slicog jl (2l 03, 4z 0 a5 (atie pw bojle S sl ol
O boojle S e 09l Gle Ol o0 02 o0 B S
8ok g bawgle o5 (&S Slaog 5l gles, az yo JLu Y
Olpl yo osle yee Job oy o3l g (Lulis )5l 3o 0.5 o
o ol b ojle (05 5 (A Slivog 4 4z by cul Lo O

8,8 )18 augie 00, 40

ojbe oM 5o ol Condg 4 b pe Cugae plg -¥-Y
Oz aile o> sle oagay oloul cels (DL o bl o
0,8 les phiie s loiBle 4 e 4 04l o b laisle o
o Slialdd 4 az g bojle (D 5o ol lie 510 sl 03
Wil oo Db o plitall laily g Do wiil e glice
olite B S syghn izl tls ylite sle bl

1 Creep



YAY B YAY daxbw NF- - JL..J A D)LM OY 0y9d x).:.aS).:.Al u‘)a& L;»A.Lg(c 4.3).“;

bacll(2} gua::I(3}

beslt(auv.be;t(b}

wv.bad(1)
1 i
05 =
I_-I 1 1 1 1 1 1 1 1 1
0 0.1 02 0.3 04 0.5 0.6 0.7 na N9 1
input variable "structure vne™
Fig. 6. Structural system fuzzy membership functions
Membershp kinction plots
v bad bad 0% v30d best voest
f e 2 . 2D N\ =
/
4
P . ",I N e P \‘\ e
|~ g r = S *-~,__\f\ B = “_\’(i/

03l mloinh £lgil (536 Cguie lyi ¥ IS
Fig. 7. Fuzzy membership functions of various types of structural foundations

3-If (PGA is 3) and (Age is 2) and (Order plan is 2) then
(Hazard is 2).

4-If (PGA is 2) and (Soil type is 3) and (PGA is 3) then
(Hazard is 2)

5-If (PGA is 1) and (Soil type is 4) and (Age is 3) and
(Order plan is 2) then (Hazard is 3).

6- If (PGA is 2) and (Age is 3) and (Order plan is 2) then
(Hazard is 3).

lo o)y Cogde @ly J5b g Slarin 4 a2g b el o

L Uogel alo o 50 ANfIS® w10 Bgd (oo JuoS5 g il
2ol (Jgu3 LB sl elul  Cogas 4z s sle il )l Lol
98] 5l e (53 g (0 G35 (aBly olie 4 (5399
b S (b sl 4 31 Blate 5 (ovae 4SS RS0

25> bl g 09l o eolatul (>9,3 5 (63959 LaS (o >

5 Adaptive Network- based Fuzzy inference Systemy(
A3l (0 5555w = SEU (65 pis bl a5 coil egran gmac a0 o5

25 8
So b wupas wly i g (bl e de e
3 );-A‘)L’ 4-3 4}9-’[-" )f C..... ‘ .- " .w‘ )f C"“. ‘ - .
M550 = S 577 Slowe oM glgsl jo aclgd ol as atig 1))
s oolil g5 (IS 1 pieas ol 50 [V] Wigd o peliss
25 0 &S ad anig Tidie 8l s 5l eoliiul b giF e aelsd

el oo 0351 aelgd 5l golows
1-If (PGA is 3) and (Soil type is1) and (Age is 1) then
(Hazard is 1).
2-If (PGA is 3) and (Soil type is 2) and (Age is 2) and
(Order plan is 1) then (Hazard is 1)

If-then rulse
Mamdani
Takagi- Sugeno
Matlab

BN =

ye£


https://fa.wikipedia.org/wiki/%D8%B4%D8%A8%DA%A9%D9%87_%D8%B9%D8%B5%D8%A8%DB%8C_%D9%85%D8%B5%D9%86%D9%88%D8%B9%DB%8C
https://fa.wikipedia.org/wiki/%D8%B4%D8%A8%DA%A9%D9%87_%D8%B9%D8%B5%D8%A8%DB%8C_%D9%85%D8%B5%D9%86%D9%88%D8%B9%DB%8C

YAV B YAY docio VFe v Jlo o) oyl OF )93 epusS paol () yos (wrbite &y

G5 w5 syt Syt By oYl a8 el 53 o LLs
odd zyhas (639)9 slo 00ld ;5 99eS g lali j9 0 D90 y0 Jue
3 et yae Voo Sledol bl 5 Jow cds ouw jlael ol
éj.w ° oolawl 99,9 )...A|)IJ 7 o

o ools ioli8l g yrals )0 piwgw S8 o) p jskaie 4 oyl
Slles g0 @bt 9, 00d (b e oy p lp 236 (o
D05 (o0 D90
Gk 3l ol reads gaws A Conys bl slaw N

63 5 s a0 o oy Sl s dilie

09....:Gaw)f(w‘boyglb00‘0)045)633‘5)2?6.}4445
3 99z ge i b Joo slo (2,5 SaSTy (i ails Y

oolatwl b Uas lay o 0 Kle j32 Eg0xe 33,k 5l aS o ools

Al 515 oo plosl (F) alal, 5|

n—1

\] Te1(lalus s mhaw = pian L odd 35l 5> rlans)? )

el b Joe 99 59, 358 SS90 el onal oy mls
el 25 Oy ol

FS (o (Bolat slo osls (55 s Gly Sl 2oy
3901 il (55 s 45 31 (oo 03l @y S (e s
oo Joe Coles j0 gl oo onyo a5 jeblen el ools plxl
Jo> fgazme g LLLS (SIS Coro wo ) £ axS 4 0ul
Yoo dcgammo guyp ,o /o VAY Jlade & ballas Ola o 00
ao, YT UV 6 diged gy )0 (uigrad . Cowl 00w, U
ez Sl e Sl 3> 5 &l 0uds (GoLdwdS Cawyo b oolo
NGV P RWIRYA R FJARPRES

odd (b Jae &5 058 (o0 i ¥ Jgux 4 a2y L
S s (63959 sla el )l slawi (IBIL Sl 75 0 sl
el JA> fgazme 5 yiden 0dd (GALAWIS Cawyd sla ools
Sl ool jiaS lallaz Gl o

olpiing Jaw elul p jhas aws o 9,5 duslie s

1 Neuro-Fuzzy

Yeo

3,08 gai dids g CBle (b9l 4o

Sls b goae Sledbl 5l 56 puilgd zl,5enl o5l Anfis
Sl oo ol ouell S Bdal gl g Wl o |y aais
S o s 4 S pda (92 00z JooS Wl (o0 (uizmen
aels 091 Sy (i sl JSte s (il i |,
o ANN 6,50k colE 5l 550 solaul b 1) o360 oK1 -5
s el 05,5 o bl 3o e 5 el 55 s s
llas Lal oy 55el sl (29, 51 (S 5 Sisel wal b sl
I¥] S o (65 0y Slas o 4z
oo (2lhb Joo cdo w)p -F

Ol ol 50 awyae For o3 a4 by sl osls
s Lo S 5 5 s o it 55 5k 5 o
dusyde Voo s bgy e Sledbl g ainos ij90] (5l dusyoe Yo e
5 gl s (bi50] Cot pled Sl sl ol O g
5y o b s 23 e Sl ] 50 sl o ol
S 5o 00ls (gl LSS g (sae Ye0) @L)'BAT e ools ol L
odds b s (o lael 5005 o 25, (sae Ve e)
S oo B 3 ) el 9o
Wge Cuglae @lyil (639,90 )
Oselid g5 Sl olyen a4y diugy Cosas alsi L0550 Y

Ll (o sl sl pgs Joe 0 galasd g9 sl
Ogelaid g5 9 Db o ol slaytel )l jletel Vg jo 0l
shlo ol b g canl o3lu 5l (G2 995 (gelaid il (0 GLSH
33 N8 o 3l el o3l 5 SIS i 50 g JelS (Shwsn
9509 Sy Jole 53 cojls 5 S s sl ) ly 0yl
A (gl eaisS s il il pacn  (Soslns Slaseine 4
3525 e IS 5 e slo oy ) 5y ol ol 5o
1S5 Slste i ol ] il — ST Slo LS
ol JUis 4 o8 ams go 8 b o 1 (6995 (sl adlge £55
3 S olad s e 4 201y a5 (55 e
sl S 0l 45 el 8] gla ol 5 yild S, iiles o)l
sl o Slee 5 5l At 3 S a1 ey s S

o3t Ok 5o whai ey 5l i alily plej o 03l p (yglaid



YAY B YAY daxbw NF- - JL..J A D)LM OY 0y9d x).:.aS):.Al U‘)A'c L;»A...Q(c 4.3).“;

oud (>lyb oo € (o) p @S Y Jgux
Table 2. Results of the accuracy of the designed model
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Fig. 9. Test data model after training for 5 data
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Fig. 10. Main data model after training for 6 data
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Fig. 11. Test data model after training for 6 data
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Fig. 12. Proposed model architecture
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Table 3. Zoning and percentage of schools in the city
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Fig. 14. Classification of schools into risk categories for three areas
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Fig. 15. Orbital classification in the behavioral classification of resistance for three triple danger zones
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Table 4. Comparison of the results of determining the existing risk level and neo-fuzzy design model for selected schools
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