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73��ازاي در اتصالات لوله;+ عضو اصلي است، رشد تـرك بـيش از هـر ضخامت جدارة درصد20 جوشي زماني كه عمق ترك خستگي كمتر
ابزار مناسبي براي محاسبة سرعت رشد ) Mk(و ضريب بزرگنمايي جوش شكلTاز اين رو حل اتصال. چيز تحت اثر هندسة جوش در اتصال است 

ش. اند ترك در اين محدوده  . مورد آزمون قـرار گرفتـه اسـت شكلT در اتصالات Mkهاي عصبي مصنوعي براي تعيين بكهدر اين تحقيق توانايي
و آموزش داده شده) MLP(چهار شبكه از نوع پرسپترون چندلايه و نقاط انتهايي آنهـا تحـت Mkاند تا مقادير طراحي  را در عميقترين نقطة ترك
و خمشي تخمين بزنند و آزمون شبكه هاي استفاده داده. تنشهاي غشايي  محـدود اسـتخراج شـدهيهاي معتبر اجزا ها از داده شده براي آموزش

به. است و جديدترين روابط منتشر شده براي محاسبة دست آمده از شبكه مقايسة بين نتايج هـاي عـصبي دهندة قابليت بالاي شبكه نشانMkها
.استفاده در اين زمينه استبراي 

<��=
هـاي شـبكه- ضريب بزرگنمايي جوش- مكانيك شكست الاستيك خطي- ترك خستگي- سكوهاي دريايي-ايلهاتصالات لو  : ,��3"!
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Evaluating Weld Magnification Factor in Welded Tubular Joints  
Using Artifitial Neural Networks 

 
A. Fathi, A. A. Aghakuchak, and Gh. A. Montazer 

 

Faculty of Engineering, Tarbiat Modarres University 
 

Abstract: In welded tubular joints, when the fatigue crack depth is less than 20% of chord wall thickness, the crack growing 
process is highly affected by weld geometry. Hence, T-butt solution and weld magnification factor (Mk) are applicable tools for 
evaluating the crack growth rate in this domain. In this research, the capability of Artificial Neural Network (ANN) for estimating 
the Mk of weld toe cracks in T-butt joints is investigated. Four Multi-Layer Perceptron (MLP) networks are designed and trained to 
predict the Mk in deepest point and ends of weld toe cracks under membrane and bending stresses. Training and testing data of  
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networks are extracted from a reputable resource on finite element modeling. Comparison of the results obtained and those from 
the most recently published equations shows that using ANN seems to be very beneficial in this field. 
 
Keywords: Tubular joint, Offshore platforms, Fatigue crack, Linear elastic fracture mechanics, Weld magnification factor, 

Artificial Neural Networks. 
 

 فهرست علائم
a567 8�$ 

c567 96$ :;� 

DOB <�= >�?@� A�6B 

K<�7 C�� A�6B 

Mk DEF  ����G?H A�6B 

Mkba567 �I�� J�6��@�$ " DEF  ����G?H A�6B

 K�= <�7 )L7 

Mkbc)ML7 56M7 5EM� " DEMF  ����G?H A�6B

 K�= <�7 

Mkma 567 �I�� J�6��@�$ " DEF  ����G?H A�6B

�KN <�7 )L7 �

Mkmc )ML7 56M7 5EM� " DEMF  ����G?H A�6B

 ��KN <�7 

N<�7 OP@� "��Q7 

SCF <�7 ?46�7 A�6B 

Y<�7 C�� R�S� A�6B 

Yb K�= <�7 )L7 <�7 C�� R�S� A�6B 

Yb ��KN <�7 )L7 <�7 C�� R�S� A�6B 

>;�$3?$ 

 �ETH�� #�UEP�&V4 #�!HW #�UEP� XE� J�6�(����� 8�$

 ��@� ��$H 8@� � ��� ��� .6MH "��  MI@L� #�MU�H >�@� Z�

 �EM[ \�M�7 " �4 )�� #�H J�6��!� ]�E�� Z�  ��� �H 	EP�

  � "�� >W 6H �Z�� 6�$ "E� .^M$�H EPM� �Z�� Z� ]�E�� E_$

  MM� >W #�`MM$� #�!KMM�7 " 6MM@@a7 " C�6MM@@a7 JMM�� � "EMM�

 �M(E( Cb�;M7� " C��Z�" �  c�1M= ��M��d �UEPM� #� �MH 

)��" �U�E= ��6�U .�(E( Cb�;7� "  c�1= #�!467 �H �4 #�

 #E`@H ��@�  LI� #�!467�\E�E� �� DEF �e�d OL� Z� 	��

  � Z�NW ��� fI� Z� �EMg � ���MF 8M�$ )M!F " � ��E�

  � �� ��;7� hI�� �M��4 .��;M7� iM�  c�1M= 6M�$ >�M��d

�(E( ���F 6c�" �F� �H 567 �4 )��  ���Z #�  TMS� E`M$-

��6H]&.[

6H ���$ #�!@�L��S-N EM[ �MH �4 >W 6H  ��_� #�!�� �

�"����� "E�  c�1= #�6H  ���" #�UEP�  g�6[ " �"6�1G

  � �6l #�!�� Z� 	��6@G )1MP� iM@��P� J@M@Q7 #�6MH ?M@� 

�"���M�� ��;M7� ��M���@l�H  c�1M= 6M�$ � 56M7 �M� m�UW

 � �4  �(�g " nE;= �H o"E��Z�� )����� ���H \Zb �MH �U

 �6Ml  H�M�Z� "EM� �M!�W Cb�;M7� "  c�1= #�!467 "EF�

��6@G ." I= i@��b� )1P� i@��P�p(LEFM)  >E��Ml Z� 

567 ��q��d' � �"����� 567 �� m�UW J@@Q7 #�6H "E�

 � 567 #��g �"�� q�F 6H ���$ 	567 �� )$6� >W " �4

	>W  �EMM��6@d r��6MM� Z�  QH�MM7 <�MM7 C�MM� A�6MMB�)K("

)�� 567 5E� ��e� �"��L�]�:[

)&(m)K(C
dN
da

∆=

AM���� �@Q� i� <�7 C�� A�6B �@Q� 	 c�1= Os�1� "

K7t�M���" "  c�1M= AMTN� �M4 �6Mu o)M�� ��� �"�" v@0

  � w "��Z �6P7 � J@��d #�!K�7 3x i@�M��d X�Q� � �U"

 )1@� y?H 567]-[.

 ��M�" #�UEPM� "  c�1M= 567 �� )$6� J@@Q7 "

 �MH �Tz1M� >"EMH 6@G " )T$ �H 	)1P� i@��P� Z� �"����� �H

 #�M!H�EF �MH >�@� >�P�� 	 *"�;7 #�U6����d � O��E$  =6H

 \�M$ ��M��4 "�Me�� OM��E$ J�� J�67Z�H �4 "��� "EF�  QIl

 � 6�Z CES �H � �I= � )@QIl "6��6H >�E7]&:[

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             2 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(&2

@�� >;:A	 B�! �� C-
! �&D  "�E�� ���5 F�	 

•<@d  I@L� #�U�H  �@H)]�E�� J@@Q7 " �I= "EF� O���

�"�Q� <�7 ����" � �!TP@� D��� 	 ���" Cb�g �.(

•OMM@TL7�Z�MM� #�)#�{MMG�H J@MM@Q7 " �MMI= "EMMF� O��MM�

"�g �I�� <�7 �_��L� � �Z��  P@����" |��d 	 P@����"��@U.(

•d<@Md ��� " "EFE� #�U6���� 56M7 �M�  M�@H)O��M�

  ����G?H A�6B 	<�7 C�� A�6B J@@Q7 " �I= "EF�

DEF2q��d #�!�H�} � �����W <�7 C�� A�6B 	.(

•.#��M!c� � )=�� ����6*)J@M@Q7 " �MI= "EMF� O��M�

#��!c� � )=�� ����6* 6@}~7 � �@(�� v����.(

KM� � �M!�@QIl \�$ �H �FE7 �H �M�@�Z " ��M� 6M4� C�P

 �M(E( Cb�;M7� " 567 ��  �6H JM�� Z� iM� 6MU hM* 	#�

 "EH �U�E= �ETI� 6�!H #�!H�EF �H O@� " C�PK� . =6H "

 Cb�;M7� " 56M7 �M� )$6M� �_M��L� �MH �4 b�H "�E� Z�

�(E(  � 6e�� #� �P_M� Z� �"����� ��@�Z "  7��@�L7 	"E� #�MU

 G CES  $E�;�  _;$ �M4 �MH ��E�� >�E�$ �H �4 )�� ��*6

 q��T4 � �c��F�*]p[)M(�g " <�7 #�!TP@� D��� #�6H

 �4 	 *"�;7 #�{G�HdE( JPH� � ?]'[�P_� Z� �"����� " #�U

 " EPM� �Z�M�  P@��M��" |M��d 6@}~7 >�?@� J@@Q7 #�6H  _;$

 �4 �� �  c�1= 567 ��E@u >��P�U �]+[���� J@@Q7 "

7�(E( Cb�;7� " "�g <� #�XT  �6c��M@H �4 "64 ���� >�E7

 �P_�  ����E7 >"E�ZW �H >���L� O���7 "  $E�;M�  _;$ #�U

)�� ��@�Z J��.

<@d 6H  Q� 8@�L7 J�� " DEMF  ����G?H A�6B  �@H

 �P_� Z� �"����� �H )��  $E�;�  _;$ #�U .#�6MH A�6B J��

 �H <�7 C�� A�6B f@L;7 )�" � )M07 �� Og Z� ���W 

" 56M7 �� m�UW �_��L� " DEF ����U 6@}~7 >"64 "��

�(E( Cb�;7�  � �4 �H #� "�.

G;���� ����	
 �� :A	 B�! @H I
 7��J' 
 "


A�6B �_��L�  TS� �Tz1� q��d >E��l Z� �"����� "K)�� 

�H �4�("�Q� � �EH6� 567 "�QH� � )�"�" <�7 �H 6�Z "E� :

)�(aYK πσ=

>W " �4a�Z��M�� 6����Md iM�  M�6H "E� �I�� �H ��1H 

� 567YCEMS �MH �M4 )M�� <�M7 C�M� R�S� A�6B 

����U #�6H �!�7  T@TL7 )M�� �_��L� OH�l �"�� �@1H #�U ."

�(E( Cb�;7� #�{MG�H �EML� � ��;7�  G�@�@d �H �FE7 �H #�

 " <�7 h�ZE7 �#�6H  T@TL7 Og >W Y)1M@� JP�� .JM�� Z�

 #�!MM�� OMM�� � #6MMc�" :MMT�0� #�!MM�� >�MM��L� �

�Z���� 	#"�M$ #�!M�� 	 MH6e7 #�!M�� 	 U�cK���ZW #6@G

 #�6H 	)07 �� ��� R�S� #�!Tg � "��L� #�?F� #�!��

 �_��L� �"�" �6l �"����� "E� >W ���]-�2.[

�F Z� )MM07 �� OMMg #�!MM�� �MM4 ���1MMU  ��!MM�� �MMT

X��H� r��6� 6U )L7 � Cb�;7� \��7 " "6H�4 ��U �H >�G���4

 �"64  *6Q� � �!�W 	�H ��� . Q@M�� :@[ 	rH�� J�� Z� �"����� �H

 ���1MU  M�6H � OM@TL7 OMH�l �!��{MG�H � Cb�;7� Z� .#�6MH

 ��@� 567 i� "EF�  Ql�� r��6� �MH )M07 �� i� " #E`@H

 "�QH�"��L�	OP�)&( ��KMN <�7 )L7 	. KM�= ��rMH�� 	

�MH �M4 )M�� ��M� "�!�KM@d "��ML� #�?F� Og ���d 6H  7�����

 )1MMP� iMM@��P� "  MMF ��6MMc��� �MM����  ��!MM�� Z� �"���MM��

 ��� �_��L� �M�� . M� �!M�� JM�� J�6M��!� Z� rMH�� �MH >�EM7 

J�EMMM@�/EMMMF� ].[	64�6H�MMM(EU/��" ]�[�C�PMMM��–

E7�]�[Og �!�W J@H Z� �4 "64 ���� J�E@�/EMF� 6�KM@H �J

�(E( Cb�;7� " � "6H�4 )�� ����" #� .iM� OS�g D� J��

 >EG�M�EG #�!TP� �H  ��!467 #� "��L� #�?F� �"6�1G �Q(�I�

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             3 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( &.

 MIH�� �Ms�� �MH �4 )��  K�= �  ��KN #�!K�7 6}� )L7 �

6�"��� �_��L� #�6HY6��@�$ � 5E� " iM� " 56M7 �MI�� J�

)�� ��� 6e��  ��KN �  K�= <�7 )L7 )07 ��.

����Y�H Og Z� ���W )�" J�E@�/EF� 6M�Z CEMS �MH 

H q��d �IH� " <�7 C�� A�6B �_��L� #�6H� � �4 ���:

)-(a]DOB.Y)DOB(Y[K nombm πσ+−= 1

>W " �4Ym	 ��KMN <�7 #�6H <�7 C�� R�S� A�6BYb

�S� A�6B�  K�= <�7 #�6H <�7 C�� RDOB  A�6MB 

)�� <�= >�?@�.

6�Q@M�� "6H�M4 �M���" �H  ��!�� �H >���L� "6P�� )T$

 Cb�;M7� �M4 )M�� �E�M�� 3��� J�� 6H 	)07 �� Og O��

�(E( �M��"  $E��� X�E�� �H #Ec(� � ����U ��L( Z� #�) M�g

 �� #�`$� "�QH� C�6@@a7 	n�= ��;7� ���" i� " >W �MH  M!�

 � �M�4 �M@(E7 #"��Z XE�7 ���E7 (	 �EM�$ D� iM� �Ms�� �

���G��F  �6H Z� � R�6[  H ��;7� 6U  M� Z�@� �M�4 .�M��H �M��

 #6�KM@H #�MI= �MH �bE�Q� O�$ " �!�� J�� �4 )��" �FE7

 ���1U ��6�U .JM��  MT4 ��Mc� Z�  M��� �U�I= J�� "EF� )T$

 hl�� " o)�� �Tz1� �H �!�� �M!�W )M@Q��F \?T�1� 	)@�E�$ 

)1@�.

K;����LL	
 �� :LLA	 B�! "�LL6�H "�6���LL ��5 

���� <. �H0M
 "�6�!� ! "
 

�(E( Cb�;7� � )07 �� #�!Tg 8H�I7 \�$ )T$ �H � #�

 #6M� iM� �Ms�� #�6MH >�M��L� )M@�*E� \�$ )T$  T4 E[

 M4 )M�� JM�� 	���H "6H�4 OH�l Cb�;7� \��7 #�6H �4 rH�� �

�M(E( Cb�;M7� "  c�1= 567 �� V@��1M� 6@}~M7 )ML7 #�

 �M(E( Cb�;7� " �!�W #Ec(� �!�7 �� �4 )��  T��E$ �� � #�

 �M(E( Cb�;7� " �PTH o)�� C����� )07 ��;M7� 6MU ?M@� #�

 OM��E$ JM�� Z�  MS�= :M@[ 	#�{MG�H �� i� )L7 n�=

  � 6H " � 6}�� ��;7� 6U #�6H �4 #E[ �H o"6@G iM� )ML7 

"6M* �MH 6;ML�� \?@��MP� i� ��_�" �H ���H v0K� #�{G�H

 "EH 567 �� #�6H)�MH #�6H �4  ��!Tg �� �@_� >"�W )M�"

 )�� ������ "�g �I�� #�!K�7 .( �� #�!Tg 8H�I7 \�$ O�b"

 �(E( Cb�;7� � )07 �� � #� #�6MH >�M��L� r�E7 �4  ��!Tg

"� " 	)�� ��� "�!�K@d �!�W h* �  �6H ��� "E�.

K;>;��� ��N$ ���O	 ! "I�$ P�
�� ��QR	>S 

OMg #�M!H�EF ���M=� "�Me�� " � 6}� J�6�K@H "E� J��

�(E( Cb�;7� Og �H )07 �� "�" #�]&�.[�(E( ��;7� 6MH #�

 �Z�� �?F i� )07 �� ��=  � ��� �H J@Q��� #� �M4 "�

 � O�L7 "E= " � 567 "EF� ���E7 56M7 �M� J�B � ��4

 Z� �MH 	�M�*�� 6@@a7 �H ������ 6@1� 	��;7� �Z��  �@Q��� )T$ �H

"E� O���� �"E0� 567 �"��L� .��M�$ OM�b" Z�  P� 6�� J��

 �M(E( Cb�;M7� " 56M7 �M� )$6� <��?*� \�$ J�MB 	#�

 )�� �H hI�� <U�4 � 567 >�� y?H .��M��d 6@}~7 J�6�K@H

 )(�g " b�H�/&<a/T<�/�6@}~M7 56M7 "�QH� <��?*� �H � )�� 

 � <��?*� ?@� �H 6@1� 6@@a7 �H��.

J@�1M0� �MH >�M�6F 6@1M� 6@@a7 6@}~7 J�*6G 6�� " #�6H

 Og  g�S� ��� J�E@�/EF� >��P�U � iuE4�lW � ]&&[

)M�� \EM�E� 6Mc�( #Z�� "�ZW ��� �H �4 ��"64 �s�� .JM�� "

 �= <�7 6@}~7  H6e7 ��� �MH  MI= CES �H � ���7 �H  K

  � <U�4 567 8�$ <��?*� 8M�$ �M7  LI� 567  �l� � �H��

  � �E�� ���F H  K�= <�7 6@}~7 	��4� M� �{Mg  T4 "EM� .

��;M7� �M4 )M�� �E�M�� 3�M�� JM�� 6MH ��� J�� �s�� ��1T*

�(E( ���MF " 567 �� �H )�� �"6@G ����4 ��;7� i� �4 #�

 �H O��_7 	>W  �  T;��  (�;7� <�M7 >"�" E_$ �H "�l � "E�

 )1@� 567 OL� Z�  K�= .#�!��1l Z�  K�= <�7 �e@�� "

)��" �U�E0� �� )$6� " #6}� 	�"64 E_$ �"E0� 567.

K;G;T��	
 CD?$ T�H U�	 �
���O	 

 ��KMN <�7 )L7 )07 �� i� �"E0� 567 hI�� " <�7

 " )�"�" �H Z�  ���  K�= �>�1MP� �L�MS 96$ \��7 

�MM(E( ��;MM7� " �MM4  (�MMg " o)MM�� � �!KMM�7 JMM�� 6�"�MM�� #�

 C��M��� ��;M7� hI�� :T�0� ���� " �!�W J@H )_1� J@���U 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             4 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(&�

@�� G;���� T��	
 CD?$ T�H U�	 �
���O	 "
T

@�� K;���� T��	
 �� �6'�$ �E# T�V �� U�	 �
���O	 "


)�� .OP�)�(M7 C�6@@a7 ��;M7� iM� hMI�� �EMg � <�Y

 � >�K� #�{G�H �� �� )L7 �U".

�"��L� Z� >W 6� �" 567 >�� y?H �H �H "�g <�7 #�U

  � )46g ��;7� " 6��4 <�7 �H  g�E� 567 �e@�� " � ��4

  M� OM�L7 � #6��4 <�7 	6� �"  g�E� " )$6M� � �M�4

  � 6��4 �E[ " >W �� )$6� >�� V4 ^$�H �4 "E� �� 

 � ?@� 8�$ " E�6@1M� 6M@@a7 6@}~M7 Z� "E� J�� 6@}~7 ��_(� o"

 )�� 6��4 �@1H �H]&�.[R�S� #�6H ���  *6Q� #�!(�� Z�

 D� J�E@� /EF� #�6H �EMg <�M7 6M@@a7 J�*6MG 6�� "

  � 	��;7� hI�� #�!(�M� �MH >�EM7 >�MU��E� �Z6��M�]-[?M@� 

"64 ����.

K;K;��5 U�	 U�
�(
T��	
 � 3�% I
 �

�(E( ��;7� �H )07 �� Og C���7 6c�" )T$ <��?M*� #�

 )M�� ��;7� �H  !��� >��(� �E[ " <�7 .>�M�U <��?M*� JM��

 " �4 E[OP�)-(�M���U O@(" �H ��� 	)�� ��� �"�" >�K�

 )�� DEF ����U 6@}~7 O@(" �H 6c�" � ��;7�]&�.[

��L� #�6H #6����d rH�� �Q�E7 �H <�M7 ?46�7 A�6B �_&& (SCF) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             5 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( ��

@�� W;��M
 �E# 7�
3� X�# �� U�	 �
���O	 �� �� ��QR	 

@��Y;T��	
 7�
3� X�# �� U�	 �
���O	 T

	:MT�0� #�{G�H r��6� )L7 Cb�;7� " �M("�Q�)-("�� #�6MH

 )�� ��� R�S� 6�Z CES �H ��;7� ����U 6}� >"64]2.[

)p(anom πσ]DOB.SCFY)DOB(SCF.Y[K bm +−= 1

K;W;U�	 U�
�(
 �� �� ��QR	 

<�7 "��Z ���_1� <��?*� ^$�H  QBE� E[ �H ?@� DEF "EF�

  � >��(� )��0B � �E[ " 8M�$ �MH #�!467 " 6@}~7 J�� �4 "E�

 Z� 6��4���S" )�� 67���� 	���F O4 8�$]&�[	OP� )p.(

" <�7 h�ZE7 �4 �e�W Z� ��;7� ���F 8�$ TOP� �@_M� 

�MM(E( Cb�;MM7� )MM�� #�	OPMM� )'(	:QMMB JMM�� hMM* #�6MMH 

��;7� Og #�!��TOP� ��M� �"�" �Q�E7 �M!�W " �M4 �M��

 DEF  ����G?H A�6B(Mk) CES �H � )�� ��� �_��L� 

H <�7 C�� A�6B �_��L� #�6H 6�Z� � �4 "�:

]DOB.SCFYMk)DOB(SCF.YMk[K bbmm +−= 1 anom πσ

)'(

K;Y;F�	 ��3�I�� Z�  ! Z!� "�%3$ :��[� 

�  G�M�Z�H ��� �� �!�7 	�� J�B 567 	)07 �� "

  � �H6e7 �(E( ��;7� " �4  (�g " o��4 567 )�� JP�� #�

 "6M@G �6l ?@� \E� � \�" #�U�� 6}� )L7 .CEMS JM�� "

 6H  ��!�7 �H 567 ��E�"  B6$ hI�� 6H "E�$ <�7 >�@H #�K

"EH �U�E0�  *�4 .>W Z�  4�Mg  U�cKM���ZW C��U�KM� ��_(�

 �(E( Cb�;7� 6�K@H " �4 )�� <�M7 >"EMH b�MH )MT$ �H #�

 )M�� ��� �M� >�M�U 56M7 �M� " AM(�N �M�  K�=]�.[

)M!F � �M� J�B 567 #��L�� J@���U 6M�Z " >W #6M@G

 �@1MH � ��� �� 6@}~7 	 $6* E`$ )�� �H DEF �e�d b�MH 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             6 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(�&

@�� \;�� "�E�� ���5 F�	 CD?$ ]�
 (:A	 B�!_(T��	
T@�� 

 MM� "6MMH]&�[�MMH \EMM� � \�" #�U�MM� )MM(�=" ��MM��g� �MM�� o

�"��L� i� Z� 567 �4  ���Z � ��@�@d Cb�;7� " nE;=

  � #E�Tg ����4 )0� ����� 6c�" �"��L� "�� OMH�l 	"EM�

 "EH �U�E= �FE7]�.[

K;\;	 F�	 3��7�
3� :$�A� "�6'5
 �

�(E( Cb�;7� " OM�L7 " ��;M7� #b�H )@TH�l O@(" �H #�

 6Mc�" �MF� �MH 567 >�@� �7 �� ����6*  �6H >�P�� 	567

 o"�" "EF�  TS� E`$ ���F �bEM�Q� )M07 #�M!l� " �M�� 

� )1M@� JMP�� ��6M$ �@1MH #�M!l� Z� 6@N �H #6�� J@�u

 67 O��4 >�@� Z� O_l �� )1MP� �Mu" 6Mc�" �MF� �MH 5

 � "E� .�bEM�Q� )07 �� Og 6H  ��_� #�!Tg O@(" J@�U �H

 #�6Ha/T���" i� Z� 6�PuE4  �b�H �g 	.

W;T��	
 @H "�6�!� TOP� ��������� ���� !

��)Mk(

�_M��L� #�!�� 3��� ���E�$Mk #"�M$ #�!(�M� �M@!7 	

�� ��;7� Z� #�QHTOP� �M�@� 567 #��g �Me�d " #E`M@H

 A�6B �_��L� � DEFY)��!�W " .Mk )_1M� �MH 6H�6H Y

��;7� "TOP� �HY>�1MP� r��6M� )ML7 )M07 �� " 

)�� 567 >�1P� ����U � 567 #��g ���d ��	OP� )+.(

Mk=( l�L(� �QIl �H �� " K) / ( l�L(� �QIl >��H �� >��U " K) 

)+(

��ML� #�?MF� #�!�� �Q�E7 )T$ #�!M�� �MH �1M���� " "

"EMFE� #�!U�c�M�"  *�4 )l" \�$ ��@�Z J�� "  U�cK���ZW

 �Z���� #�6H #�M!467 � VM4 �@1MH ��M�$� " 56M7 "�MQH� #6@G

 )��  LI� . (�g " J�� ��_M��L� �M4 )M�Mk JM�� #�6MH 

)�� �"E=6H #6�K@H )@�U� Z� �!467 .\�!u �;@�� Z� 6@N �H 

�4 )07 �� Og #�!�� #�!Tg " TOP� 	)�� ��� h* 

Og #�6H >����U � )07 �� Og 6c�" vl�E�T M� >�EM7

 OMMg �MM4 C��MM�7 JMM�� �MMH o"6�MM�6HT LIMM� #�MM!467 #�6MMH 

)�/�<a/T<�/�(�(E( Cb�;7� \��7 " )M�� �"���M�� OMH�l #� .

 � 6�Z CES �H � 6�� J�� O�b" "64 >�@H >�E7:

&/�U Z� 567 �� "��Z #6�{d6@}~7 " DEMF �����%�M@(��

 " DEMF Z�  M��� #�!K�7 ?46�7 "EF� O@(" �H )��0B

 TS� E`$ ���F )��0B  F�= �_(.

�/O@(" �H  LI� #�!467 " �H 6@1� 6@@a7 ����d "EF� \�$

 �Me@�� " � ��;M7�  �0M� 	"�MQH� J�� " 567 "EF� �P���

 �� �6l  �E1L� 6@}~7 )L7 � >W " <�7 h�ZE7 �U".

-/�$3E1L� 6@}~7 \��OM@(" �MH 56M7 �EMg <�M7  �=�E�P�

 >�K� "�� � ��;7� O4 �H �1���� " 567 ���H >"EH iuE4

�"��L� �H 567 "�g �I�� <�7 Z� 6��4  T@= <�7 �H  ��U.

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             7 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( ��

@�� a;@H I
 7��J' 
 �� U�	 �3� ���� �� �&$ @H
�$ T@�� b;T��	
 �� �� ! F�	 � 3�% "�%�'$
��c T

��M� 6M4� OM�b" �H ��HH)���@M� � )M(E ]&�[Z� �"���M��

 A���� #�!�� OgTZ� 6M��4 8M�$ �MH #�!467 #�6H ���%

�"6�M�6H �M��?G J�6M�!H >�E�$ �H  TS� E`$ ���F )��0B

)�� .��U )L7 � Cb�;7� \��7 #�6H �4  Tg �� �!�7 hl�� "

 ��;M7� Og D� 	)�� �"����� OH�l �!��{G�HT�"��ML� " 

�/�<a/T<�/�)�� .

"OP�)2(Cb�;7� " 567 �� )$6� �_��L� Og�6�

�(E( Og Z� �"����� �H #�T)�� ��� �"�" >�K� .

#�MM!Tg J@MMH Z�T MM� D� Z� >�EMM7Bell]&-[D� �

�_��L�Mk Cb�;M7�  F�M= �_( #�!467 #�6H TOPM� " 

PD6493�MMM@����6H "�����MMM�� ]&p["6MMMH \�MMM� .� J�6�T��MMM4

 �_��L� D� J�67���FMk D� q�EMH � M(]&'�&+[

"��ML� #�?F� ��� �"6�1G Og � #Z�1(�� OS�g �4 )��

 Cb�;7�TOP� DEF � 567 ����U :T�0� #�!�(�g #�6H 

�H ��_M��L� #�6MH  7b"�MQ� >"�W )�"Mk J�6M��@�$ " 

)M��  K�= �  ��KN #�!K�7 #�6H 567 5E� � 567 �I�� .

DEMF �Me�d � ?M@7 DEMF �Me�d )(�g �" " Cb"�Q� J��

 m�� Z� OS�g �E�U  �Z&� )�� ��� �_��L� .q�EMH � M(

 #�MMQH C�MM�@�L7 "]&2�&.[��MM� Z� �"���MM�� "  QMM� 

T-butt �M(E( Cb�;M7� " 56M7 �M�  M�6H #�6MH "E= #�

����" ���.

Y;7�
� �(��$ ! I�L$. "
�L� 73L� 7��J' 
 "�%

�$I.���� <

�"�" ��MM�" J@MM�07 #�6MMH ��MM� ��MM0��� #�MMUMk rMM�E7 

�P_� r�E7 ��� �@!7  7�$�[� i��H �H )�� �EH6�  _;$ #�U 

q�EH � (]&�[�4Cb"�Q� ]�60��� #�6HMk )�� ��� �@!7 .

O��M� � #"�� #�MU6@a�� Z�  T��M4 ���_1M� �"��ML� i��H J��

 � "E� .��;7� i�TOP� U #�U6����d �>W " "EMFE�  ���

 "OP�).()�� ��� �"�" >�K� .OP� J�� "a�cAM@767 �H 

	567 �E[ :;� � 8�$L	 l�L(� �QIl 6�E;7 96$ θ�M���Z 

� DEFr�e�d X�Q� m�M� #�!M�EF #�6MH DEMF ��M�  M�Z

)��.

 MM( #�MMU6����d a/T 	a/c 	θ�L/T #�MMU6@a�� >�EMM�$ �MMH � 

�_��L� #�6H #"��Mk � " )�� ��*6G 6� .#�6MHa/T 6�"�M�� 

��'/�	�&/�	��/�	�p/�	�2/�	&/���/�	-/�	'/�	2/��

�/�)�� ��� ��*6G 6�� " .	96M$ �MH 8M�$ #�!�_1M� #�6MH

 6�"�M��&/�	�/�	p/�	2/��&6�KM@H �M4 )M�� ��M� ��M0��� 

 � )*�� O�$ " �4 �  ��!467 � A��Q�  � <�Ed 	��E� �MU" .

6�"���L/T �@SE7 �H �FE7 �H "������� ����AWSD1.1-90 #�6MH 

#�!M�EF "6H�M4  M���U �"��ML� J@���U � ��EG #�!�EF

 �(E( Cb�;7� " ��EG 6�"�M�� 6MH�6H 	#�'/�	�'/&	�/��2'/�

)�� ��� ��0��� .#����Z-�	p'	+��2'#�M���Z #�6H �F" 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             8 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(�-

)�� ��� ��*6G 6�� " DEF .����Z-��MF" Cb�;M7� "T

OP�  M��Z �MI�� " 567 �4  �(�g A�6�7 #�6H � "��� "6H�4 

�(E( ��;7� � � �6l #)�� ��� ��*6G 6��" 	"6@G)�I�� J�� "

 #b�MH 6�"�M�� #�6Hβ�M(E( Cb�;M7� " �L�MS�" �M���Z 	#� #�

 TL�&- )�� �F6��� ����Z i� 	.(hl�� "  ( MH � )M(�g JM���

���Z V4 6�"��� )�� �"Z J@�07 DEF �.Z� #Z�1M(�� #�6MH #�

��E�� ��M= 6MH �M7 )M�� �"64 �"����� :T�0� #�!B6$ �H #�U

"Z�� O��1� �� 96$ Z� � "E= Og 	)07 �� #�!Tg.

�MQIl "EMF� �MH �M_P� 56M7 #��g �� 6U #�6H �!T@TL7

 )M�� ��M� \�e�� >W >��H �_P� � DEF �  l�L(� .6�"�M��Y

 _@467 #�6H "EMF� 	 ��KN <�7 "EF� :T�0� )(�g �!u Z�

 �_M��L� 	567 5E� " � 567 �I�� J�6��@�$ " 	 K�= <�7

��� ��� .\6� H �?*��	Og #�6H ��* �4ABAQUS � )M�� �"EH 

��*6G CES  F ��6c��� D� �H <�7 ?46�7 A�6B �_��L�

)�� .�M�E�� ��U #�6H >E��Ed A�6B � m��� ���� 6�"��� �MU

MMH 6MMH�6H AMM@767 �kN/mm2�&� �-/�)MM�� �"EMMH .)_1MM�Y

�H ��;7� Z� ���W )�"T-butt �HY6c��@H )07 �� �H �EH6� 

�M4 )�b�H )(�g �!u Z� i� 6U " DEF  ����G?H A�6B

 � 6�Z A��6B �_��L� �H 6e�� "E�:

•Mkma )ML7 56M7 �I�� J�6��@�$ " DEF  ����G?H A�6B 

 ��KN <�7 

•Mkba A�6B " DEF  ����G?HJ�6��@�$ )L7 567 �I�� 

 K�= <�7 

•Mkmc ��KN <�7 )L7 567 5E� " DEF  ����G?H A�6B 

•Mkbc K�= <�7 )L7 567 5E� " DEF  ����G?H A�6B 

��� �_��L� OP�  �L�� � ?@7 �e�d �H DEF )(�g #�6H �4 ���.

�"�" J@H Z� �H b�H R6� �H �4  ��U ���W )�" �"�" 	��� #�MU

 J@H 567 8�$ #�6H ?@7 �e�d DEF )(�g �H �EH6���'/��

�/��P_� Og #�6H ��M� ��0���  _;$ #�U �M�� .JM�� )MT$

�4 ��MM0����OMMg 6�KMM@H #�MM� T"EMMF� � �"��MML� JMM�� " 

�"��ML� #�6MH 	�M� ���� �!�W �H �4  ;l�E��/&<a/T<�/�

)��.

\;���� *�, �� @H 35!� ���# "�% 

� �H �FE7 �H JM�� " 	 MT_l #�!��1Ml " ��M� >�M@H AM(�I

 �P_� �� �P_� DZE�W � J�=�� )�1l �M4 )M�� 6�� ��  ��U

 6�"�MM�� J�1MM��" �MMHa/c �a/T)56MM7 C�;MM0K� (�θ�L/T 

)DEF ����U �;0K� 6�"���(	� DEMF  ��M��G?H A��6B 

<@d ��4  �@H .6�"�M�� J�M��" �MH AM@767 JM�� �HY)YJM�� " 

 � )(�g ��E7 D� Z� �J�E@�/EMF� �_M��L� "EM�(��M�� 	

" 56M7 �M� )$6M� 	q��Md #�M!�H�} � <�M7 >��E� ����"

 �"��L��/�<a/T<�/�"EH �U�E= �_��L� OH�l .

XEM� Z� #Z�1M(�� � Og #�6H ��� ��0��� �P_� >�6�tM�6d

 ��b ��u&p (MLP) #�6MH #�M@sE�c�Z  ����Mc( 56ML� hH�7 �H 

�b " �!��6� \��7�DZEM�W V��EMc(� Z� �M4 )M�� :MT�0� #�U

qd )M�� ��M� �"���M�� >W DZEM�W #�6H �I= �K��� ."EM� "

 �P_M� iM� �!�7 J�=�� �H �4 "EH >W 6H  Q� ���H� 	�P_� #��Q�

 �"�" �H �FE7 �H >�E�H  ��M��G?H A�6MB �M!u 6MU 	"EFE� #�U

 <@d � DEF  �@H64".�P_� E��� J�� #�6H �!u �H  ��U >�6M� 

���� ��=��  F�6= ��b " . M[ � �P_M� JM�� J�=�� Z� qd

 #�M!H�EF �M4 �M� ��g�� 	>W "E� " >E�ZW � DZE�W Og�6�

 �P_M� iM� �4  �Q� J�� �H o���1@� �ETI� �g " ���W )�" �H

 �� "��MQ7 iM� � #�M�Q� iM� �MH A�6B �!u 6U #�6H ���E7

 6H ��@!H )@QB� �H �g�� #6@G"�� �=6u��.JM�� �M��� 6M�� J��

 " DEMF  ��M��G?H A��6MB 6H V4�g i�?@* �4 )�� XEBE�

 :T�0� Cb�g)<�M7 �  KM�= <�M7 	56M7 5EM� 	567 8�$

 ��KN ()�� C����� 6c��P� �H .<@Md #�6MH �e@�� " 6MU  M�@H

 i� 6U �4 )�� ��� ��=�� �?e� �P_� i� 	A��6B J�� Z� i�

 "�"  MF�6= ��b " >�6� i� �!�7 .#�M�Q� OPM� " C��M�7

�P_� #�!TP@M� "��MQ7 � OMg >���d Og�6� " ��EF 	 ��!� #�U

 � 8��;7 � �E* ATI� 	>W #�6H DZE�W :T�0� ��4.

XE�e� Z�-�� "EFE� #Ec(� \EM� �" )�2� EMc(� (#�6MH 

� DZE�W �\E� �)&�� Ec(� ()M�� ��� �"����� >E�ZW #�6H .

�"�" ��0��� � h�ZE7 �H �U �"�" O4 " )=�E�P )M�� ��� \�e�� �U

 �"�" ���M�" " �M�@�4 � ��@KM@H #�U6����d #��g #�U DZEM�W 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             9 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( �p

T!3�>;d���MLPU�c "
�� ����Mkma 

��b "��Q7 >�!� #�U �

��� >�!� ��b #�!��6� "��Q7 e<!�5 

\�" >�!� ��b #�!��6� "��Q7 2>�6� 

DZE�W #�!TP@� "��Q7 &'�� 

6H �I=���" #� 

�"�" DZE�W #�U 

%.p�./�Max   = 
%.��+/�/Min   = 

��-2/�RMS = 
����2/�R =

%&.'�/�MAE =

���" #�6H �I= 

�"�" >E�ZW #�U 

%�2+&/�Max   = 
%&p�2/&/Min   = 

��pp/�RMS = 
����'/�R =

%�-pp/�MAE =

T!3�G;d���MLPU�c "
�� ����Mkba 

��b "��Q7 >�!� #�U �

��� >�!� ��b #�!��6� "��Q7&'>�6� 

\�" >�!� ��b #�!��6� "��Q7'>�6� 

DZE�W #�!TP@� "��Q7 �2'� 

���" #�6H �I= 

�"�" DZE�W #�U 

%+2+�/�Max = 
%'�pp/�/Min=  

���'/�RMS = 
�����/�R =

%&�&./�MAE = 

���" #�6H �I= 

�"�" >E�ZW #�U 

%2.&�/+Max   = 
%.+.�/�/Min = 

��.�/�RMS = 
���./�R =

%-2&&/�MAE =

T!3�K;d���MLPU�c "
�� ����Mkmc 

��b "��Q7 >�!� #�U -

��� >�!� ��b #�!��6� "��Q7 &�>�6� 

\�" >�!� ��b #�!��6� "��Q7 &�>�6� 

\E� >�!� ��b #�!��6� "��Q7 2>�6� 

DZE�W #�!TP@� "��Q7 -2' 

�" #�6H �I=��

�"�" DZE�W #�U 

%+&.p/&Max = 
%p'��/p/Min   = 

��2./�RMS = 
���.�/�R =

%'2.�/�MAE =

���" #�6H �I= 

�"�" >E�ZW #�U 

%'�p&/-Max   = 
%&2�p/'/Min   = 

�p&�/�RMS = 
���'2/�R =

%2�&p/�MAE =

T!3�W;d���MLPU�c "
�� ����Mkbc 

��b "��Q7 >�!� #�U -

Q7��� >�!� ��b #�!��6� "�� &�>�6� 

\�" >�!� ��b #�!��6� "��Q7 &�>�6� 

\E� >�!� ��b #�!��6� "��Q7 2>�6� 

DZE�W #�!TP@� "��Q7 p'� 

���" #�6H �I= 

�"�" DZE�W #�U 

%-���/-Max   = 
%p'22/p/Min   = 

��+&/�RMS = 
���.2/�R =

%++��/�MAE = 

���" #�6H �I= 

�"�" U>E�ZW #� 

%�p&+/-Max   = 
%..pp/p/Min   = 

�'�p/�RMS = 
���p2/�R =

%&�'�/&MAE = 

���*6G �6l .#�6MH >EM�ZW � DZE�W #�UEc(� ��0��� �M!u 6MU

 )�� ��� \�e�� >�1P� CES �H A�6B.�6H #��_� )=�� �MU

�?*� \6� ��1H Z�#NN ����6H " MATLAB )�� ��� �"����� .

;0K� �P_� C� #�6MH  ��M!� ��M� ��M0��� #�UMkma 	Mkba 	

Mkmc 	Mkbc " A@767 �H ����F)&(�7)p()�� ���W .�P_M�  ��MU

 �_��L� #�6H >�!� ��b �" �HMkma �Mkba �P_� ��M� �H  ��U �M�b 

�_��L� #�6H >�!�Mkmc �Mkbc���� ��0��� .

"TPMMM� #�!)�(�MMM7)&+(6MMMH�6H "  MMMQl�� 6�"�MMM�� 

�4 #6�"����P_� <@d �U  M�@H 6M4�"�"�" DZ�6MH rM= � �M�� 

)MMM�� ��MMM� �"�" <��MMM�� 6�"�MMM�� JMMM�� 6MMMH ��MMM� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            10 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(�'

(Mkba) داد( ه'& %$#"زش

y = 0.9997x + 0.0005
R 2 = 1

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Mkba(./012 د)
M

k b
a(3
45
6)

(Mkba) داد( ه'& %ز$##"ن

y = 0.9993x - 0.0002
R 2 = 0.9997

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Mkba(./012 د)

M
k b

a(
34
56

)

@�� e;����?$Mkba U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� I�$. "�% 

@�� >S;����?$Mkba U�c ���� P �	 73� ����MLP � ���6� �

7�
� �' � �� X�-� @H ����?$ ��
�� <�$I. "�% 

(Mkbc) داد( ه'& %$#"زش

y = 0.9986x + 0.0034
R 2 = 0.9997

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Mkbc(./012 د)

M
k b

c(3
45
6)

(Mkbc) داد( ه'& %ز$##"ن

y = 1.0035x - 0.0118
R 2 = 0.9989

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Mkbc(./012 د)

M
k b

c(3
45
6)

@�� >>;����?$ Mkbc U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� I�$. "�% 

@�� >G;����?$ Mkbc U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� <�$I. "�% 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            11 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( �+

(Mkma) داد( ه'& %$#"زش

y = 0.9995x + 0.0007
R 2 = 0.9999

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Mkma(./012 د)

M
k m

a(
34
56

)

(Mkma) داد( ه'& %ز$##"ن

y = 0.9986x + 0.0017
R 2 = 0.9999

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Mkma(./012 د)

M
k m

a(
34
56

)

@�� >K;����?$ Mkma U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� I�$. "�% 

@�� >W;����?$ Mkma U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� <�$I. "�% 

(Mkmc) داد( ه'& %$#"زش

y = 0.9988x + 0.0024
R 2 = 0.9998

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Mkmc(./012 د)

M
k m

c(
34
56

)

(Mkmc) داد( ه'& %ز$##"ن

y = 0.9979x + 0.0057
R 2 = 0.9991

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Mkmc(./012 د)

M
k m

c(
34
56

)

@�� >Y;����?$ Mkmc U�c ��� P �	 73� �����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� I�$. "�% 

@�� >\;����?$ Mkmc U�c ���� P �	 73� ����MLP  �� ���6� 

7�
� �' � �� X�-� @H ����?$ ��
�� <�$I. "�% 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            12 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��(�2

(Mkba)

0

10

20

30

40

50

60

70

80

90

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

'9: (%)

'9
:
<
='>
?@ Lee Test

Network Test
Lee Train
Network Train

Lee روش - داد% ه#" !ز��ن
()*+ ,-./ 0.1- داد% ه#" !ز��ن

Lee زش - روش�داد% ه#" !�
داد% ه#" !��زش-0.1 /.-, +*()

(Mkbc)

0

10

20

30

40

50

60

70

80

90

100

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

'9: (%)

'9
:
<
='>
?@ Lee Test

Network Test

Lee Train

Network Train

Lee ن - روش�داد% ه#" !ز�
()*+ ,-./ 0.1- داد% ه#" !ز��ن

Lee زش - روش�داد% ه#" !�
()*+ ,-./ 0.1- داد% ه#" !��زش

@�� >a;U�c �� �D[ f5�,�( �N��?$ ���� Mkba ���� P �	 

MLP !� ! ���6� Lee-Bowness7�
� �� <�$I. ! I�$. "�% 

@�� >b;U�c �� �D[ f5�,�( �N��?$ ���� Mkbc ���� P �	 

MLP !� ! ���6� Lee-Bowness7�
� �� <�$I. ! I�$. "�% 

(Mkma)

0

10

20

30

40

50

60

70

80

90

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

'9: (%)

'9
:
<
='>
?@ Lee Test

Network Test
Lee Train
Network Train

Lee ن - روش�داد% ه#" !ز�
()*+ ,-./ 0.1- داد% ه#" !ز��ن

Lee زش - روش�داد% ه#" !�
()*+ ,-./ 0.1- داد% ه#" !��زش

(Mkmc)

0

10

20

30

40

50

60

70

80

90

100

0 0.2 0.4 0.6 0.8 1

'9: (%)

'9
:
<
='>
?@ Lee Test

Network Test
Lee Train
Network Train

Lee ن - روش�داد% ه#" !ز�
()*+ ,-./ 0.1- داد% ه#" !ز��ن

Lee زش - روش�داد% ه#" !�
()*+ ,-./ 0.1- داد% ه#" !��زش

@�� >e;U�c �� �D[ f5�,�( �N��?$ ���� Mkma ���� P �	

MLP !� ! ���6� Lee-Bowness7�
� �� <�$I. ! I�$. "�% 

@�� GS;�?$ U�c �� �D[ f5�,�( �N� ���� Mkmc ���� P �	

MLP !� ! ���6� Lee-Bowness7�
� �� ! I�$. "�% 

 � ��g�� OP� J�� " )l" �H "E� >W x�M_� Z� 96M$ �4

 �{Me� ?M@� � rM= JM�� �M���Z A�6MB � 6�MS �H i�"?�

 )�� i�"?� i� �H  HETI� �@1H �g "  c�1_�U A�6B

 M�U" >�K� 6�� J�� �4 " �P_M� #b�MH )M@TH�l �  ��M��E7 ��

<@d )�� 6�� "E� A��6B  �@H .nE;M= �MH )M@TH�l J��

 �"�" #�6H ������� >�E�$ �H >E�ZW #�U �4 Og #�`* Z�  ��U

 VKMu �MH 6�KM@H 	"��� �!�W Z�  $�[� DZE�W J�B �P_�

 � "E=.

a;�����$ �� g��'5 �N��?$ ��5f!��

� >��@�[� �E;g #�6H �4 Z��P_� #�� q��M46* 6�"�M�� 	�U

 �"�" #�6H �I= �"�" >�M�U � �P_M� >EM�ZW � DZE�W #�U Z� �MU

 Cb"�Q� (" � �_M��L� TPM� #�!)&2(�M7)��(�"�" >�KM�

 )�� ��� .	)�� ��� �"�" >�K� �U�"E�� J�� " �4 E[ >��U

�P_� �"�" #�6H  �g �U ������ �!�W Z�  $�[� �4 >E�ZW #�U ��	�

D� Z� #6�!H #�!H�EF (�H�"�" )�" �MP�W "EF� �H o���  M( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
86

.2
6.

2.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            13 / 15

https://dorl.net/dor/20.1001.1.22287698.1386.26.2.7.6
http://iutjournals.iut.ac.ir/jcme/article-1-432-fa.html


������ ��� 	
����� 	�	����� ���� )���� ���� : ���!� " #"�$ #�!��( �.

�"�" ��U Z� �H #�6H �U )�� �"64 �"����� Cb"�Q� >"�W )�".

b;�h�'5 "��� 

��IQ�� �H �FE7 �H �P_� #b�H  ����E7 � #6�{d  _;M$ #�U

 6MH�6H " >W )M����� �  MQl�� #�MUEc(�  H�M�" "  $E�;�

�"�" �H \xE7 #�U Z� �M4  e��M�� �MH �FE7 �H J@���U � D�K�N� 

 � 	�� OS�g 8@�L7 J�� �P_M� �M4 )M��" >�M$�� >�E7 #�MU

  ��M��G?H A�6MB J@M@Q7 " �"���M�� )@TH�l  $E�;�  _;$

Cb�;7� " � DEFTOP� ���" .

OMg #�!*��=� Z�  P�T�M(E( Cb�;M7� �MH " C��M�7 #�

 �L�S�" ����Z � �" JM�� "  MTL� #� )M� .��;M7� "T-Butt 

OP� 6H�6H ����Z J�� ���� ��i� " �4  (�g " o)�� �F" 

�(E( ��;7� �56M7 �P��� �  $6* �  TS� #�`$� "�QH� �H ��1H #

Z� 	���H ��;7� hI�� �Eg  �@QlE� �u "��))M@QlE� #�6MH

]�7 (�7&.� �MF" ))M(�g " �  M��Z �MI�� " 56M7β=1 ( 

 )�� 6@a�� . #�6H Cb�;M7� �MH 6M�P�"?�  ��M!H�EF �MH >�@M�

�(E( �Og 8�6[ Z� #T�"�" �MH 6����Md JM�� >"6M4 �*�B� 	#�MU

 � 6�� �H A���� �Tz1� Og " #"�� ��.

�$�5 7=
! 

1. jacket type 
2. semi elliptical surface cracks 
3. chord 
4. linear elastic fracture mechanics 
5. Paris 

6. stress intensity factor 
7. weld magnification factor 
8. membrane 
9. bending 
10. load shedding 

11. stress concentration factor 
12. grinding 
13. local dihedral angle 
14. multi layer perceptron 
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