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A New Approach for Analysis of Roof System Due to the Effect of 
Explosion in Confined Explosion Structures  

Amin Ghafooripour , Shahriar Tavousi ,Hossein Babajanian 

ABSTRACT 

A new approach for design of roof system due to the effect of explosion in confined explosion structures for the 
missile workshops Abstract This paper discussed a new method for estimation of the behavior and required 
weight of roof for the confined explosion structures. The behavior of explosion in confined explosion structures 
affected by different parameters such as reflected pressure, duration of reflected pressure, gas pressure and 
duration of gas pressure. The main idea for these types of structures that will use as the missile rehabilitation 
workshops is to protect and creating life safety for the other parts of the workshop. The roof of this structure 
should fly after an explosion to decrease the gas pressure. On the other hand, this will be a weak point during an 
attack. In this case, these types of roofs could not resist against any strike. This paper discussed a mathematical 
modeling for the roof behavior. Finally the paper shows the new method for fabrication of these roofs without a 
frangible behavior considering the vent opening function. The known behavior of roof and designed mechanism 
for it could help the workshop structure to be protected by another shelter structure to present of any strikes.  
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�"- ��". &��' ��. ����% ������ '� ���� 4�, 
. �%���  
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� �6gr FF ,  ��	 
� ���3'	 �7�1� 7 ����9! 
���
 ��5 
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 �91A���* �	  7� �C!�� �I� �1Y (%� �	 ,1<�	���� ����4�
 "��� �� ��"' D7
 �	�)�	
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%K �� ��3X $* �%� 7
"�	]14[.  

 s��! �� �X%! ��)(tF ),9�)6((  _
� 
���
) ����4�
�6�E ( ����� ���� �
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))()((
2

3

),(









CosWtf
ML

tf

���

�

��

��

  

g

gog
og

g

ogr
o

r

ttCosW
ML

tf

tttCosWF
tt
tt

ML
tf

ttCosWFF
t
tF

ML
tf

����



��
�

�
�



�����

))((
2

3
),(

))((
2

3
),(

0))()((
2

3
),(













  

 �	��ott 

0N�
	�:  

���                              ))cos()((
2

3

2

1
ngr

o

n
rn WFF
t
tF

ML
tA 
������

����                   )
2

1
(

2
,))cos()

2
(

)(
(

2

3

2

1
nnnnnn

o

gr
rn AtWtt

t
FF

F
ML

tB �
�

���
�

�
�

��� 
��
 �

 
))cos()

2
(

)(
(

2

3

2

1
nnn

o

gr
rn Wtt

t
FF

F
ML

tC �
 ��
�

�
�

���        

)7( 

)2( 

)8( 

)6( 

)3( 

)4( 

)5( 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

���� � ��	
 ��
��� � ���� ������/11  

     �	
 ��� ��	�� � � ���
 � �	�!"	# � �	$"1389    �

)(,))cos()(
)(

(
2

3

2

1
nnnnnn

o

gr
rn CtWtt

t
FF

F
ML

tD �������
�

��� 
��
 �                       

�
�
�

�

�
�
�

�

�



������









�������

����

��
�

�

onnnnnnnn

o

o

nnnnnnnn

ngr
o

n
rn

ttDCBAKK

tt

tt

CBAKKt

WFF
t
t

F
ML

0)22(
3

1
,

0

0

)(
3

1
),(

))cos()((
2

3

1

1














��

�

��

                       

 �	��go ttt 

 	�N�
:  

�����                       

))cos((
2

3

2

1
ng

og

ng
n WF

tt
tt

ML
tA 
�

�
�

��   

��                       

)
2

1
(

2
,))cos(

)5.0(
(

2

3

2

1
nnnnng

og

ng
n AtWF

tt
ttt

ML
tB �

�
���

�

���
�� 
��
 �  

))cos(
)5.0(

(
2

3

2

1

0

nng
g

ng
n WF

tt
ttt

ML
tC �
 ��

�

���
��                       

�� )(,))cos(
)(

(
2

3

2

1
nnnnng

og

ng
n CtWF

tt
ttt

ML
tD �����

�

���
�� 
��
 �                   

�
�
�

�

�
�
�

�

�



������









�������

�
�

�
�

��
�

�

gonnnnnnnn

go

go

nnnnnnnn

ng
og

ng
n

tttDCBAKK

ttt

ttt

CBAKKt

WF
tt
tt

ML

)22(
3

1
,

)(
3

1
),(

))cos((
2

3

1

1














��

�

��

              �

 �	�� 7gtt � N�
	�:  

))cos((
2

3

2

1
nW

ML
tnA 
���                       

� 
)

2

1
(

2
,))cos((

2

3

2

1
nnnnnn AtW

ML
tB �

�
����� 
��
 �

                       

�� 
))cos((

2

3

2

1
nnn W

ML
tC �
 ����

                       

��� 
)(,))cos((

2

3

2

1
nnnnnn CtW

ML
tD ������� 
��
 �

                       

)9( 

)10( 

)11( 

)13( 

)12( 

)16( 

)17( 

)14( 

)18( 

)15( 

)19( 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

12� /���� � ��	
 ��
��� � ���� �����  

     �	
��� ��	�� � � ���
 � �	�!"	# � �	$"1389    

               �
�
�

�

��
�

�

�

�������

�

�

�������

��

��
�

�

gnnnnnnnn

g

g

nnnnnnnn

nn

ttDCBAKK

tt

tt

CBAKKt

W
ML

)22(
3

1
,

)(
3

1
),(

))cos((
2

3

1

1














��

�

��

   

                 

  

	0�	 [�� �	 �����
	 ��0.7 MATLAB  [�&� "6 R�Hinge�

Floor� Analysis 2X������ �C
��� �


 ���,, [�5 ��
 �����
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ott ��  ����� ���� �	��ott 
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7
400

og tt
t

�
��  ����� ���� �	��go ttt 

  8 ���%�

$	%�� �! �"� x���� 	
  
	"�� �	 ?��M� /B�E �	��
 �

�� �;�
� �E�<� 7 �%3� :	�M�
	 	
 �&12� �I��

��6 . ?�
 ��	 ,1��! �
%r! ��7"! 
� ��E�� ����*
 �� ?�
 �
%��� �	 ���� ���c ,1��! 7 >��&6 ��B%�

�
	 �&�� ���
. 8���
 �� �;�
� _
� �
%��� ,�� 
� �5	
 ��M
 �� ��&�K 7 �&� �5���� $	01� "��� �%X%�

K �&� 
� �"�*�%X%� �7�1� �� �~��	 �)�<��# ,=	 nC
 /
%= �I�	
)21( �%� �� �114!.  

kxF

MgxIkx

�

�� 22

2

1

2

1 �  

 �	 �"�* �
"� �
�# �;��&l ,1��! ��	 [���	 �	 Z#
 �
"&2� >%C- ,��- �7"E �	 :
�� ���
 �� ?�
 ���c
 �)�� �C!�� R� 7 �&1���� "��� $�7 7 �;�
� ��4�	 "���

���5 
	�9! �C
��� ,91
.  

3-&��'C �%�G 
/"0� �/5�6 4�,  
 D7
 7 ��B%� ?�
 �"�	 ����� ��	 
� �9&�	 �� �X%! ��
 ���f� ���+� $%��* $	%&' �� �
	 �"� ��2&�1# $* ,1��!
 ��&C� 7 �%� �� ����5 �+� 
� �4-	7 ��� ��	� 7 ��4�	 ��

 ���� �1A* 
����	 ��� ��	� ��=TM5-1300 "��� �� .
%�
� 7 ���
�6 �1���- >�f� 
����2&�1# ,34�	
  7 >��&6

 �! ���5 �� >��&6 �4-	7 �	%��� �+� �	 �2M
�# 
	"��
"�* �
"� �14-	7 
� ���+� $�%� ����
�6 �	 $�&13K	. 

 >%34� >�f� R� $	%&' �� �!�1c�� ���+� ��	 $%��* �	��
��	� V�
	 �� ���  ,�v /
%m� ���+����5 �� |��  :

 (%� �	 ����&� ����TNT ��%� �7�68  $�7����&� ���� 
 ��	��210 lb  $�&13K	 F��c >�3'	 �� �61.2 ��	��252 lb 

���
 06�� 
� $* �14-%� 78 ���
 |�'7 >%K���	��32 ft 
 (��!
	 725.6 ft  . ��	�� �;�
� ��4�	16ft×16ft�  $�7 8

HI
 "E	7 @�%# �;�
� �1�7	 |�� $	%&' ��  ��	��
�	 
� �
�� �%� �� ����5 �+� 
� ,9�)7(.  

  
���)7 :(
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�

���)8 :(���! 
�"��#$ ��%���-&��'  

 ������ �114! ��mstPsiP gg 54.130,90 ��  7
mstPsiP or 87.2,550 ��   ���� �1�* V�
	�� 

TM5-1300 
��� 
	�%3� $	%! ��-  ���
 �	�� 	
 $���
,9� n��I� �+� �
%� )8 (�%3� N

.  $	%! �� ��	�� �&�

���	� 
����	 ������	
�#)gogr ttPP ,,,(������ �	�� 	
  

 ���
 $�%� ���� |�� �� �;�
� �E�<� �	 ?��M�
 ����E �1&l R� �	�� �6 �
7* �
"� ���
 /�mM��

������	
�#)ogr tPP ,, (�� ����  
	"��7 "&���gt  �X%! ��
�%� "�	%� /7���� �;�
� �E�<� 
	"�� �� >7"X)1.(  

  
K���)1 :( �����gt  '� L.�M ����� � 
N/�% LA�*� '� 4�;�� "/%��� ��'� 
.220 ftlbWF �

)(mstg )( 2ftlbWF  �;�
� �E�<�)( 2ftA  
115.9

 
20 16'×16'=256  

93.3
  

20 18'×18'=324
  

77.9
  

20 20'×20'=400
  

66.8
  

20 22'×22'=484
  

60.3
  

20 24'×24'=576
  

55
  

20 26'×26'=676
  

49.8
  

20 28'×28'=784
  

44.5
  

20 30'×30'=900
  

43.1
  

20 32'×32'=1024  
  

�&�&� �6
gtA� /
%m� $*,9�)9 (�X%! �� �6 "��� �� 

 �;�
� �E�<� �	 F
�&� 
	"�� $	%! �� �&�&� F1� ��
 �%3� �114! 	
 "�	%! �� >7	 ��E�� 
� 
	"�� ��	 �6


	"��2576 ft  ���5��2&�1#7  �	�� 	
 ���
 ?�
 �
�#  

  

  

HI
 "E	7 $�7 �	 ?��M� ������ ?�
  �	 ���� 
	"�� 7
 �;�
� �E�<�)2576 ft ( 

�� _�M��	 �	 Z# 7 �%3� �

HI
 "E	7 $�7 �	 F
�&� 
	"�� ?�
 	�"�� 8

	"�� �E�<� F
�&� ;�
�� �&�&� �� �X%! ��

gtA� >��&6
���5.  
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�����                     
���)9:( 
�"��#$ ��%���gtA �  @9, �A�� &'� '� =��� ����� >/ ��'� 
.4�, )cteWF � (  

3-1-  ��;!� �,�".4�,  L.�M ����� ��'� 
.A  �
 '� 4�;�� "/%���FW 
���
?�
 ���� 
	"�� �	�	 ��� 

 ?��M� ������ 7 �;�
� �E�<� �	FW ) "E	7 $�7
?�
 HI
 ( �! ���5 >��&6 01� V%94� /
%= �� "���

%� 	�)3� �2M
�#�.  ��	�� 	
 �;�
� F
�&� �E�<� 
	"��
2576 ft ��	�� 	
 _
� 7� �	 R� �� �E�<� 72288 ft  7

 ��4�	)9(,923 ����� l  �� �����	
�# ���
 7 ����5 �+� 
�
"&��� �� ,�v p��:  

  

mL
ttttttstttst

stinlbPinlbP

ggoo

gr

7432.2

)(0001.0,)(0001435.0,)0(000029.0

0.0)0(,0.0)0(,0029.0,90,550 0

22

�

���

��

��

����� 

 �

�

���                                               NlbAPF rr 8.10145710022809600)108384(550 ��������
NlbAPF gg 04.166020713732480)108384(90 ������� �

 >7	 ���E : �	��220 ftlbWF � �
���                                             NlbAWW F 48.256205760)932(20 ��������

                                                                 KgWM 73506.2612806.9 ���

                                                                    mstftlbW gF 3.6020 2 ����

 [7� ���E : �	��232 ftlbWF � �
                                         NlbAWW F 768.409929216)932(32 ��������

���������                                                       KgWM 376096.4180806.9 ���

                                                                   mstftlbW gF 7.6632 2 ����

 [%
 ���E : �	��240 ftlbWF ��

                                         NlbAWW F 96.5124011520)932(40 ��������

                                                                 KgWM 47012.5225806.9 ���

                                                                     mstftlbW gF 7040 2 ����
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������

 ���,,t  �	�	 ��
  �	 ?��M� ������ �	�� ?�
 HI
 "E	7 $�7 >7"X 
�)2( �
	 �"� ��	� $���.  
  

 K���)2 :("/%���

 ���,,t  ��'� 
.
�

)( 2srad
��  )( srad
� )(rad
 (sec)t  )( 2ftlbWF 

1317.00631335739  121.284495891101 3.09977114534862 0.0386315 

20 
1308.32298795599  121.284495891101 3.11718900077048 0.038775  
1299.63803735892  121.659984510905 3.13463379750359 0.0389185 
1290.95145357153  121.845859326455 3.15210535670528 0.039062  
499.39674748821  88.010769690758 3.09744781476816 0.0521855 

32 

493.970531491981  88.0899907452704 3.11149186191662 0.052345 

488.543259500971  88.1683462341598 3.12554847579666 0.0525045 

483.114928329603  88.2458359887377 3.13961751833711 0.052664  
477.685535039855  88.3224598398272 3.15369885143987 0.0528235 
257.262954054699  74.8941150021593 3.09782749273032 0.0602705 

40 

252.922270466791  74.9369067996755 3.11039457986287 0.06043825 
248.580741185483  74.9789703766123 3.12296878424194 0.060606 

244.238364502233  75.0203055909591 3.13554998369662 0.06077375 
239.895138874163  75.0609123004324 3.14813805603215 0.0609415 

  

 �I�	
 n��I�)21 ( 
	"�� |�� ��
m
Nk 9103.4 ��  ��

 ��M
 $	%&' ���E �	��
� ?�
 ?��M� ��� >"� 
>7"X)2( �7�1� 8���
 �� ?�
 ���c �	 ����  ��	��

 >7"X ������)3 ("��� �� .��E ��� @&! ��1�� �"� L
 $�7 
� �6 "�� �� $���232 ftlbWF �  ���c 
	"��

 
%6o� /�mM�� �� 7 ��%� ���
 ��� ��7��� "E 
�
"��� �� �E	�K ,��- ?�
.�        

K���)3 :( 4�;�� "/%��� '� �P�A ��"��FW  
40  32  20  )( 2ftlbWF 

562760  591600 645000  )(KNF 
211  221  241 )( 2CmKgP 

  

 �� �	 �;�
� $	%! �� �+� �
%� ���
 �	�� ��	���&�
 �E�<�2576 ftA � �� �;�
� �	�� ��B%� ?�
 7�7

�E�<� �� [	"62288 ft  �+� 
� �� �X%! �� 7
����5mstg 7.66� � ���
 �	�� 
	"�232 ftlbWF � 

�%3� 
�1��	.  
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1-  ��2EQ
 �134! ��2��5
�6 @�%# �	�� ����� ��	 
�
 
�6 ����&� �	%� �� �6 �!�����
�6 �� ���+� 
����	 ,��-

$	�# ?�
 ���� ��B%� ?�
 �	 �����
	 "&&6 ��  ��2&�1#
�
	 �"�  ?�
 _�!�# �	 ��15%�X 
%+&� �� �"�	 ��	

	 �� 
� �2��5
�6 ���
 �� F1
* 7 @6�! $	%&' �� J	�K
 $* �7
�� S��E ���
 R� $�9�	 ����	 7 ��4&= ���

 (	"�	 ��5
�6 �� N1��<� ��3E $�9�	 �	 ��15%�X �	��
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2 -  7 �! ���m�-	 "��� ��9l%6 �l �� ?�
 ��	 ��4�	
 ��5
0� �l �� ��%
 �	 7 ���5 �� ��36 $* �� ��3E �I�

"���  $�7 7 ��4�	 7�&�	 �	 7 "&6 �� ,3�! 	
 ���36 �7�1�
 ��	 �� ����� D7
 ����� ��	 �6 �
	� N31�#	 �I�� R� $*

�
	 ���6 �A	
	 	
 �&12� �I��.�

3 -  $* ��	 $��� /"� 7 ����9! 
��� 
	"��)or tP ,( �� �
	7

 ��4�	 8����&� ���� $	01� �� ��<�	7 ���
 �	 �I�� �� 8���

 ����&� ���� �14-%�)
	� V�1�� ��=�� ( p%I
 �	"4! 7
��5
���
	"��7 "�
	� �)�<� �"&&6 Z94&�)gP( �� ��<�	7 8

"��� �� ���
 ���	� N�E 7 ����&� ���� $�7.  

4 -  
	"��gor PtP ,,  7 �;�
� �E�<� $	01� �	 ,��<�
� �;�
� @�%# HI
 "E	7 $�7"&��� �.  

5 - 
	"��gt   ?�
 HI
 "E	7 $�7 7 �;�
� �E�<� ��
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