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ABSTRACT

According to the American Building Loading Code, progressive failure is defined as the spread of failure
in a structure from one element to another, which ultimately leads to the failure of the entire structure or a
large part of it. Lead to this type of failure are: car impact, gas explosion, aircraft collision, construction
error, fire, accidental overloading of members, explosion, etc. Most of these accidents have a short impact
time that in The result leads to dynamic responses. In this research, 100 types of models will be considered
and the progressive collapse reference codes will be used for analysis and the application software will be
used to achieve the answer under nonlinear static analysis by removing the column and performing
nonlinear static analysis. The behavior of structural members against this phenomenon will be evaluated
and finally the results will be controlled by the rules in the regulations and the final behavior of the structure
against this phenomenon will be examined. Artificial neural networks have been used as a powerful tool in
various fields of engineering and their use is increasing. Civil engineering and the study of the behavior of
structures are no exception to this rule and neural methods have been used in it. In this study, three types
of neural networks have been used to investigate the phenomenon of progressive collapse. Input and output
parameters are selected and modeled with the help of evaluation indicators of this phenomenon. Finally,
by comparing the performance of artificial neural networks, the most successful type of neural network has
been proposed.
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Validation Subset
Networks Num. of R RMSE MAE MAXAE
neurons
4 0.89 0.123 0.050 0.35
MLP1-1 8 0.90 0.118 0.055 0.31
12 0.88 0.136 0.055 0.46
4 4 0.91 0.098 0.033 0.28
MLP1-2 8 8 0.97 0.075 0.032 0.19
Training Subset
4 0.88 0.047 0.039 0.28
MLP1-1 8 0.93 0.035 0.036 0.26
12 0.91 0.057 0.037 0.25
4 4 0.95 0.031 0.007 0.17
MLP1-2 8 8 0.98 0.029 0.010 0.14
Testing Subset
4 0.85 0.147 0.055 0.22
MLP1-1 8 0.88 0.155 0.057 0.30
12 0.87 0.187 0.060 0.27
MLP1-2 4 4 0.86 0.123 0.033 0.21
MLP1-2 8 8 0.89 0.117 0.18
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Training Subset
Num. of MFs R RMSE MAE MAXAE
4 0.68 0.185 0.121 0.89
5 0.84 0.215 0.142 0.63
Testing Subset
4 0.69 0.216 0.155 0.98
5 0.86 0.228 0.165 0.52
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19 Fuzzy Inference System
20 Membership Function
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Training Subset
Num. of MNs R RMSE MAE MAXAE
250 0.88 0.133 0.11 0.35
500 0.85 0.127 0.10 0.37
1000 0.89 0.134 0.09 0.84
Testing Subset
250 0.78 0.172 0.12 0.53
500 0.81 0.183 0.13 0.55
1000 0.84 0.190 0.14 0.64

Sleazls (A) Jgaz jo .l oals a3 ls jy colaiul 0,90 comac aSil Jow aw ags sl Lol o )5 avglio 4 i ol jo
A 998 o0 oalive oS 3glan el o 03ls (LS (b)) g (otalejl (il slracseze sl abgre Joo an sl e
S el degan ;5 4l dms sn ol 355 S e d &y e 1y 3,Shac 500 s ¥ ol Y 50 L MLP2
Iy 6wl polie MLP2 asiis U sloasli plo jo Js.Cusl jloye3 00 ,Sles o 0 5l (S A oley Y 90 L MLPL
g oo ol go¥gd slaoslu 59 (s5lw dige 0 Jow (353890 s 4 59T 3e Al pl plo el ools plaisl 845 4

G A g (g g0 —F
e 4D g8 A (ol el o osliinl (63Y58 (slaosle (459 silwainty Sz 90 (aras 4SS £ a5l 3o (ol o
oolitl (6399 yuall ¥l (i S e (old Sl @l aSD 5 (5395 ASD (g i y Yz 4SS el
S onlpbs 00,5 colatwl gl o5l s il )l o yiage 51U sl ool saw Slas U (6949,9 (sbo el )by bl jo ol oas
3as3 «S) 3l ailas 3 255 sl yal)ly NS 36 Lelge 4y azgi b ol s ooliiul jsliie ol sl b o5l olad ols>
s VU) by p sl 9o 5 ool 48,5 1 )3 (699)5 Olgie & (D) ojle (39 5 (P) oads Bio (g Jore «(N) o5l il
SSb 5l o5 jleslaiul b gt p a¥ wiz oSl po dad axd S kS 50 (2% sl Sl plgre 4 (U) iSTas (e s
Sl SO 5l Fos cide blie ,0 g 350 sols [jgal ¢ 90l g by, So b ldoe ooias LSis slaasis o Sledlb
!y Cross Validation  jug, 5l (o590 B slp uizmen 28,5 )18 solatul 090 Joo (cuoion Sl b5, &l
99,8 ;0 el ool olaiwl (g i p Y lez g VAL aSS g4 90 5wl ouls colatnl ac slaaSll paess ©ja8 ]33l
eSlee Aty o Sarad oo aiile b)) slearls glyil 5 ool sns Sl Ay Gl sldsy sl la,bsle oyl
Gl il 5 (MAXAE) s gllae jyolio argic (MAE) Uas 3llae :Slo SSE) Uas lasyo gaze0 RMSE) s cilay o
o1y 0 ,Slee oy i 4 (gl Coles Ho .l oad oolatul aSis o Slee bl S (SDAE) llas 5l 08 o st
oyl 3 o loiil )0 03,5 (o0 (20 aD Joo (3390 Oy 4 Sl ool plis 095 1 2l Sleas L
oMl (atin Eyarme ;O (owas ASeD Joo (33850 9 00l dylie ;0 b sl Jlie o oras 4Gl g9 A
Lol ol ools las byl 9 ctalel ( chigel sbacgeme gl abgiye Joo aw gl Uas slpasls (A) Jooz jo ool
Olas og3 51 R Jue aw @ o 1) 0 Shes (e G958 T Ol @Y 59 L MLP2 ast 05 oo osmlive 45 455Silon
Sleaslis plo ;o 5 sl yl0,5% 5 0 Shoe (e 5| G555 A Oleiy &Y 99 L MLPT as (35900 asgorms o 4l s oo
Sl dine 50 Joe B 3850 Dlsie 5580 4 (nlply el ools polatsl sgx ) (g0l polie MLP2 oSl las

09..»60 \.)l?LAJ‘ GQYQS (_ngo)Lm u)s

25 Standard Deviation of Absulate Error
¢y



Ol pos (owidg 5o (98 (B3, g,
FF —VY tamin AF+) (090 6losd ppuiins 099

&l -V
S el K2l 125 35 e e omae 6ld a5 Sbeo Jof Ao Flowlro (hgd VAN wo p zleie-[)]
Gl aSud alwg 43 L ojlu (> 1)b 5 o 53 (65w it Jiluwo Jo 5o 9y ATAT o e ) ep s Sl (Y]
Tl oBiils (£ gman (mas
A oL ojle il (0 i (3lw ol j mas gl Al 0 ) VYA Lz el e e ooy (L8 - [Y]
Ol Q! (RS sl leyS 3l g (g5l S Mol (g iS5l = S 055051 Ol ST (38,8
NEV2VOA Y8 (ojde cwdige g (3 alme o) L8y 0 oinod Ol Sibw juil VYA €3 cp caned i -[¥]
S yl990 (wlo K0 pdi 50 L 1Sl Aliold puodi' Il gy 90 YA (o sobl oy oo el ool Jaelow! -[0)]
S5 s oMol ol3T ol8zils « (L gman (mas (o aSls 3 oo liiw! b S yo
[6]- Adeli, H. and Park, H. S., 1995, A neural dynamics model for structural optimization
theory, Computers & Structures, 57(3), 383-390.
[7]- Cha, Y. J., Choi, W. and Buyukozturk, O., 2017, Deep learning-based crack damage
detection using convolutional neural network, Computer-Aided Civil and Infrastructure
Engineering, 32(3). (To be published)
[8]- Deng, Z., and Zhang, Z., 2014, Event-related complexity “analysis and its application in
the detection of facial attractiveness, International Journal of Neural Systems, 24(7), 1450026
(11 pages).
[9]- Garzon-Roca, J., Adam, J. M., Sandoval, C. and Roca, P., 2018, Estimation of the axial
behaviour of masonry walls based on arti_cial neural networks, Computers & Structures, 125,
145-152
[10]- Emami, M., 2009, Application of artifitial neural networks in pressuremeter test results,
Master of Science thesis, Tarbiat Modares University, Tehran, Iran.
[11]- Emami, M., and Yasrobi, S. S., 2014, Modeling and interpretation of pressuremeter test
results with artificial neural networks, Geotechnical and Geological Engineering, 32(2), 375-
389.
[12]-Fausett, L. V., 1994, Fundamentals neural networks: Architecture, algorithms, and
applications, Prentice-Hall, Inc., Englewood Cliffs, New Jersey.
[13]- Emami M, Yasrebi S. S., 2014, Application of artificial neural networks in interpretation
of pressuremeter test results, Modares Civil Engineering journal, 4(20), 11-25.
[14]- Hagan, M. T., Demuth, H. B., and Beale, M. H., 1996, Neural Network Design, Boston,
MA: PWS Publishing.
[15]-Hagan, M. T. and Menhaj, M. B., 1994, Training feedforward networks with the
marquartdt algorithm, IEEE transactions on neural networks, 5(6), 989-992.
[16]- Amezquita-Sanchez, J. P., Valtierra-Rodriguez, M., Aldwaik, M., Adeli, H., 2016, Training
feedforward networks with the marquartdt algorithm, Sharif University of
Technology,Scientia Iranica, Transactions A: Civil Engineering
[17]- Jenkins, W. M., 2012, Structural reanalysis using a neural network-based iterative
method, Journal of Structural Engineering, 128(7), 946-950.
[18]- Kennedy, J. B., and Neville, A. D., 1964, Basic statistical methods for engineers and
scientists, Happer International edition 1964
[19]- Marquardt, D., 2004, An algorithm for least squares stimation of nonlinear parameters,
J. Soc. Ind. Appl. Math., 431-441.

Y



Olyos (it 50 (g L0519, A
FF YV tazmio F+) (pg0 ojlod piud 0)90 ALY

[20]- Madan, M. G., Liang, J., and Noriyasu, H., 2000, Static and Dynamic Neural Network, A
John Wiley & Sons, INC., Publication, Hobokon, New Jersey

[21]- Palomo, E. J. and Lopez-Rubio, E., 2016, Learning topologies with the growing neural
forest, International Journal of Neural Systems, 26(3), 1650019 (21 pages).

[22]- Tashakori, A. R. and Adeli, H., 2002, Optimum design of cold-formed steel space
structures using neural dynamic model, Journal of Constructional Steel Research, 58(12), 1545-
1566.

[23]- Wang, Z., Guo, L. and Adjouadi, M., 2014, A generalized leaky integrate-and- re neuron
model with fast implementation method, International Journal of Neural Systems, 24(5),
1440004 (15pages).

[24]- Yasrebi, S. S., Emami, M., 2008, Application of Artificial Neural Networks (ANNS) in
prediction and interpretation of pressuremeter test results, InThe 12th International
Conference of International Association for Computer Methods and Advances in Geomechanics
(IACMAG) 2008 Oct 1 (pp. 1634-1638).

[25]-Zhen, L., and Zhang, Zh., 2017, Artificial Neural Network Based Method for Seismic
Fragility Analysis of Steel Frames, KSCE Journal of Civil Engineering Korean Society of Civil
Engineers, 4, 23-45.

¢¢



