Ol pos (owidg 5o (g8 (3,9,
VV-5Y tamio ATAQ F o los oo ke 0,90 « ISSN ONLINE: 2588-7122- ISSN PRINT: 2588-6886

gt (cmas Sl gy SwoS & (53Ysd 0jlw (39 (g jlw e
AT-C ISP P RO PR JIC G RV

OInl eyl o oDkl 3T olKzils cogizm oyl ya5 9xlg oyl pos (g 09,5 Lol '

(Emamiacademic@gmail.com)

Q‘)‘i‘ 5‘_").&.1 5‘540){.‘»‘ Q‘)T olKisls suj..} U‘Jef J}ls sul),o.: ‘5..:4...@(0 05; sM)‘ SAA’LA.MJ)UY

QUNTA sl oy 2,5 QAN Y sallie il &)

o

Y58 5o ol o3l gy jskaie s (ANN)' e gimn prae a5l Guons ol )0 -l (o0 (lyee (oiigs Jilins (o shages 31 (S (53l i
emas a8 3l gelaie sla sl Lol oads solaiul ¢ puac sloaSil 5o 5 5l (SO S 9 Y s emas aSh ]l ool oslail
ledas wload (gludas (egras (cras 4 Joe Slore (e @ liies Sux Slite Sy slas g il Gl laaY sl b egian
Sl o5 aledae ool oo ealinl o il golal (Pls5 5l ldoe cnl oaled ;5 3)J0555 5 (sl aige im0 e BB Cubse 5l oras oS
sldoe 5l (I acgemme 5l Sledbl U laieas .l ol solainl (g, el S5l aies (68959 b ez slyls wlead solaiul g5le age
b 525880 ot slp e Y 99 9 o b il (s)lene b (podSd Sl g (e 4D 50 el 00h 48,5 0 0ud plnl (51 05l
Oz 0,5 asel jo el pledas i leslaiul jo g i Hluebl S A prac A Jue S oS Lailgy al )l g 2l sl el sas solaul
S (o0 et pige sla )5 0 ) (pledoe

oS wlols

O9 sy Y > egias omac ASD (gile A (oY g8 o3l

! Artificial neural network (ANN)
2 Multi-Layer Perceptron

a1y


mailto:Emamiacademic@gmail.com

Ol pos (owidg 5o (g8 (3,9,
VV-FY samino JFAR LF oyleis ool 0590 « ISSN ONLINE: 2588-7122- ISSN PRINT: 2588-6886

Optimizing the Weight of Steel Structures using
Artificial Neural Network Method

Mohammad Emami Korandeh **, Seyyede Negar Nourbakhsh 2

" Assistant Professor, Department of Civil Engineering, South Tehran Branch, Islamic Azad University,
Tehran, Iran

(Emamiacademic@gmail.com)

2 M.Sc., Department of Civil Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran

(Date of received: 01/12/2020, Date of accepted: 17/02/2021)

ABSTRACT

Optimization is one of the most important issues in civil engineering. In this research, artificial neural
network (ANN) has been used to optimize the structure of steel structures. The multilayer neural network
of perceptron, one of the most widely used neural networks, has been used. Different structures of artificial
neural network with different number of hidden layers and number of different neurons have been modeled
to achieve the best architecture of artificial neural network model. Neural network models have acceptable
success in the optimization process. Dimensional properties of structures have been used in all these
models. Models used for optimization have four input parameters, one output parameter is used. A large
set of structural models has been used as a database. In the perceptron neural network, networks with
different architecture with one and two hidden layers have been used to determine the most accurate
network. Extracting and presenting the relationships governing a neural network model gives the user more
confidence in using such models, thus facilitating the application of such models in engineering work.
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® Root Mean Square Error
7 Maximum Absulate Error
8 Standard Deviation of Absulate Error
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Validation Subset
Num. of hidden R RMSE MAE MAXAE SDAE SSE
Neurons
3 0.67 0.12 0.095 0.75 0.10 4.5
5 0.80 0.10 0.085 0.42 0.095 2.7
8 0.73 0.11 0.090 0.59 0.085 3.3
11 0.90 0.083 0.063 0.35 0.050 1.5
15 0.93 0.067 0.050 0.20 0.049 0.99
20 0.92 0.072 0.055 0.31 0.045 1.1
25 0.90 0.088 0.064 0.30 0.060 1.6
30 0.89 0.080 0.055 0.46 0.058 1.4
Training Subset
11 0.92 0.080 0.055 0.45 0.051 6.8
15 0.97 0.056 0.039 0.38 0.045 3.1
20 0.96 0.055 0.036 0.36 0.043 3.1
30 0.95 0.056 0.037 0.35 0.051 3.2
Testing Subset
11 0.90 0.085 0.07 0.44 0.065 1.8
15 0.91 0.079 0.055 0.22 0.056 1.3
20 0.90 0.080 0.057 0.30 0.057 1.35
30 0.87 0.081 0.060 0.27 0.059 1.4
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Validation Subset
Num. of hidden Num. of hidden R | RMSE | MAE | MAXAE | SDAE | SSE
Neurons in layer 1 Neurons in layer 2
5 5 0.60 0.13 0.098 0.63 0.10 3.91
5 8 0.75 0.12 0.090 0.44 0.086 3.0
8 8 0.89 | 0.085 0.056 0.48 0.065 15
8 11 0.82 | 0.098 0.075 0.31 0.068 2.0
11 11 0.83 0.10 0.076 0.40 0.084 2.35
11 15 0.93 | 0.072 0.051 0.27 0.064 1.08
15 15 0.88 | 0.097 0.065 0.50 0.073 1.95
15 20 0.86 | 0.083 0.046 0.56 0.077 1.46
20 20 0.94 | 0.061 0.033 0.37 0.056 0.75
20 25 0.96 | 0.048 0.033 0.15 0.055 0.48
25 25 0.97 | 0.046 0.032 0.16 0.056 0.44
Training Subset
8 8 0.96 | 0.054 0.037 0.32 0.051 2.65
11 15 0.96 | 0.060 0.039 0.39 0.045 3.5
15 15 0.98 | 0.046 0.029 0.30 0.035 2.11
20 20 0.99 | 0.022 0.007 0.27 0.021 0.48
25 25 0.99 | 0.029 0.010 0.34 0.024 0.82
Testing Subset
8 8 0.80 | 0.099 0.065 0.48 0.085 2.12
11 15 0.88 | 0.082 0.059 0.27 0.070 1.42
15 15 0.93 | 0.071 0.049 0.28 0.057 1.11
20 20 0.96 | 0.055 0.033 0.21 0.045 0.64
25 25 0.95 | 0.063 0.039 0.27 0.055 0.85
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Validation Subset
Networks Num. of R RMSE MAE MAXAE SDAE SSE
neurons

15 0.93 0.067 0.050 0.20 0.049 0.99
MLP1-1 20 0.92 0.072 0.055 0.31 0.045 11
30 0.89 0.080 0.055 0.46 0.058 14
MLPLD 20 | 20 0.94 0.061 0.033 0.37 0.056 0.75
25 | 25 0.97 0.046 0.032 0.16 0.056 0.44

Training Subset
15 0.97 0.056 0.039 0.38 0.045 31
MLP1-1 20 0.96 0.055 0.036 0.36 0.043 31
30 0.95 0.056 0.037 0.35 0.051 3.2
MLPLD 20 | 20 0.99 0.022 0.007 0.27 0.021 0.48
25 | 25 0.99 0.029 0.010 0.34 0.024 0.82

Testing Subset
15 0.91 0.079 0.055 0.22 0.056 13
MLP1-1 20 0.90 0.080 0.057 0.30 0.057 1.35
30 0.87 0.081 0.060 0.27 0.059 14
MLP1-2 20 | 20 0.96 0.055 0.033 0.21 0.045 0.64
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9 Standard Deviation of Absulate Error
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