
.

12 m
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m m

m
Panel cm.

.
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1

18

Severn m

Sears Tower World
Trade Center Towers

m Verrazano Narrows
m m

[1].

Sears Tower [3]

1
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1.2: World Trade Center Towers [3]

-

[2].

2
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2

2.1
-

-

i.
ii.

iii.
iv.
v.

Si Mn Cr Ni), 
Cu Ti

3
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2.2

Kp/mm2

St

T Thomas
Siemens-Martin

U
R
RR

2.3

St =

GS =

GG =
C =

St33: Kp/mm2

St37: Kp/mm2

St52: Kp/mm2

4
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DIN

mm
mm.

1. , m

mm.
DIN 1025, 

mm. DIN 1025, 5.
PE300.

mm.
DIN 1025, B300.

mm. DIN 1025, 
PB300.

10 1000 mm.
DIN 1025, P 400.

10 1000 mm.
DIN 1025, 4 P 400.

2. U) 15
m mm DIN 1026. 

[300 U300.

3. , 15 m
11 200 mm DIN 1027.

Z100.

4. , 3 12 m

b=h
mm. DIN 1024. 

T50.
b=2h), 

mm. DIN 1024. 
TB50.

5
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5. L) m

b), mm.
DIN 1028. L80x10,

mm mm.
a>b)

30x 250x90 mm. DIN 1029.
L100x50x10, = 100 

mm, b = 50 mm
t = 10 mm.

6. -),

mm mm.
DIN 1017. -40x12

b = 40 mm t = 12 mm.
mm mm.

DIN 59200. -200x12
b = 200 mm t = 12 mm.

7.

8.

DIN
1013

6
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–

3.1

3.2

7
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3.2.1

Hooke

weathering steels).

[1].

[5].

3.2.2

[5].

8
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3.3

3.3.1

9
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3.3.2

DIN EUROCODE
( .

EUROCODE) [4]

10
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DIN [4]

3.4

DIN). 
DIN), 

H Z

:

11
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:
:

3.5

3.5.1
3

1.

2.

3.

4.

12
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3.1:

3.2

 
3.2: Shed [5]

3.3: 

13
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3.4: 

3.5: 

3.6: 

14
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3.7: [8]

3.5.2
.5-6.5 m, 

3.8.

1.
2. -

3. °

4.

3.8:

15
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3 3.10

3 [5]

3 . [5]

16
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3 . [5]

3 . [5]

3.10: 

17
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3.5.3

3.11, 3.12, 3.13,
3

3.15.

3.11:

3.12:

18
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3.13:

3.14: 

19
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3.15:

3.5.4

3.16.

.0 m

.35 m.

2. m .7 mm 
.5 mm.

.35 m. 

,
[5].

3.16:

20
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4

4

4.1

:

4.1.1

=                                                            (4.1)
: , [ ]
: [ ]
: [ ]
: [ ]

=                                                                    (4.2)
: [ ]
: [ ]
: cm]

.

21
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4

=  +                                                           (4.3)
: , [ ] : [ ]
: [ ]
: [ ]
: [ ]
: [ ]

> :
:

                                                                        (4.4)
: [ ]

=                                                                    (4.5)
= ( )                                                                  (4.6)

22
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4

=                                                                     (4.7)
: [ ]

4.1.2

=                                                               (4.8)
: , [ ]
: [ ]
: [ ] : [ ]

=                                                       (4.9)
: , [ ] : [ ]
: [ ] : [ ] =      : [ ]

23
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4

=                                                                    (4.10)
: [ ]
: [ ]
: cm]

=  +                                                   (4.11)
: , [ ]  : [ ]
: [ ]
: [ ]
: [ ]
: [ ]

>   :
:

,

24
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4

                                                               (4.12)
: [ ]

4.12

= ( )                                                          (4.13)
=                                                                 (4.14)

: [ ]

S,( ) ( ) .> , S

=  + .                                            (4.15)
: , [ ]  : [ ]
: [ ]
: [ ]
: [ ]
: [ ]

25
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5

5

5.1

m m
m

Panel cm.

5.1.1

:100)

= = .  [ ]= = .  [ ]= = = 3.25 3 => = = .  [ ]
26
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5= = .  [ ]= = + = 1.25 + 3 => = = .  [ ]= = .  [ ]= = = 6.5 6 => = = .  [ ]= = .  [ ]= = + = 2.5 + 3 => = = .  [ ]= = .  [ ]= = = 9.75 9 => = = .  [ ]= = .  [ ]= = + = 3.75 + 3 => = = .  [ ]= = .  [ ]= = .  [ ]

(m)
1 3.25
2 3.00
3 1.25
4 3.25
5 3.25
6 3.00
7 2.50
8 3.25
9 3.90

10 3.00
11 3.75
12 3.25
13 4.80
14 3.00
15 5.00

27
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5

5.1.2

 100 × 8 100.

5.2

5.2.1

 100 × 8= .  [ / ].
= 2 ( + + + + + + + ++ + + + + + + )                                       (5.1)= 2 (4 + 4 + + + + + + + ) =>= 2 (4 3.25 + 4 3 + 4.8 + 3.75 + 3.9 + 2.5 + 3.25 + 1.25 + 5)[ ]12.2 [ ] =>= .  [ ]

 = + 10% = + 0.1 = 1.1                  (5.2)
 = 1.1 1206.58 [ ]=>  = .  [ ]

28
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5

L [4]

29
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5

L [4]

30
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5

5.2.1.1

= 2                                                            (5.3)= 2 3.25 [ ] 12.2 [ ]= .  [ ]
= 2 => = 2 3.25 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.25 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.25 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.00 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.00 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.00 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.00 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 1.25 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 3.25 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 2.50 [ ] 12.2 [ ] => =  [ ]= 2 => = 2 3.90 [ ] 12.2 [ ] => =  .  [ ]= 2 => = 2 3.75 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 4.80 [ ] 12.2 [ ] => = .  [ ]= 2 => = 2 5.00 [ ] 12.2 [ ] => =  [ ]

= + 10% = 1,1                                     (5.4)
 = 1.1 79.3 [ ] =>  = .  [ ]

31
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5

 = 1.1 79.3 [ ] =>  = .  [ ]
 = 1.1 79.3 [ ] =>  = .  [ ]
 = 1.1 79.3 [ ] =>  = .  [ ]
 = 1.1 79.3 [ ] =>  = .  [ ]
 = 1.1 73.2 [ ] =>  = .  [ ]
 = 1.1 73.2 [ ] =>  = .  [ ]
 = 1.1 73.2 [ ] =>  = .  [ ]
 = 1.1 73.2 [ ] =>  = .  [ ]
 = 1.1 30.5 [ ] =>  = .  [ ]
 = 1.1 79.3 [ ] =>  = .  [ ]

 = 1.1 61 [ ] =>  = .  [ ]
 = 1.1 95.2 [ ] =>  =  .  [ ]
 = 1.1 91.5 [ ] =>  = .  [ ]

 = 1.1 117.1 [ ] =>  = .  [ ]
 = 1.1 122 [ ] =>  = .  [ ]

(m)
Gij

[Kp]
G ij total
[Kp]

1 3.25 79.3 87.2
2 3.00 73.2 80.5
3 1.25 30.5 33.6
4 3.25 79.3 87.2
5 3.25 79.3 87.2
6 3.00 73.2 80.5
7 2.50 61.0 67.1
8 3.25 79.3 87.2
9 3.90 95.2 104.7
10 3.00 73.2 80.5
11 3.75 91.5 100.7

32
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5

12 3.25 79.3 87.2
13 4.80 117.1 128.8
14 3.00 73.2 80.5
15 5.00 122.0 134.2

1206.6 1327.2

=  2 = 87.2 [ ]2 => = .  [ ]
=  2 +  2 +  2 =>

= 87.2 [ ]2 + 87.2 [ ]2 + 128.8 [ ]2 =>= .  [ ]
=  2 +  2 +  2 =>

= 87.2 [ ]2 + 87.2 [ ]2 + 104.6 [ ]2 =>= .  [ ]
33
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5

=  2 +  2 +  2 =>
= 87.2 [ ]2 + 87.2 [ ]2 + 87.2 [ ]2 =>= .  [ ]

=  2 +  2 =>
= 87.2 [ ]2 + 80.5 [ ]2 =>= .  [ ]

=  2 +  2 +  =>
= 80.5 [ ]2 + 80.5 [ ]2 + 33.6 [ ] =>= .  [ ]

=  2 +  2 +  2 +  =>
= 80.5 [ ]2 + 80.5 [ ]2 + 87.2 [ ]2 + 67.1 [ ]=> = .  [ ]
=  2 +  2 +  2 +  =>

= 80.5 [ ]2 + 80.5 [ ]2 + 104.7 [ ]2 + 100.7 [ ] =>= .  [ ]
34
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5

=  2 +  2 +  =>
= 80.5 [ ]2 + 128.8 [ ]2 + 134.2 [ ] =>= .  [ ]

[Kp]

43.6
151.6
139.5
130.8
83.9
114.1
191.2
233.6
238.9

5.2.2

IPE
IPE = . /

m

35
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5

PE [4]

36
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5

5.2.2.1

1 -2
1 2 1 2

1 2 1 2

1 2 1 2

1 2 1 2

1 2 1 2

2 -3
2 3 2 3

2 3 2 3

2 3 2 3

2 3 2 3

2 3 2 3

3 -4
3 4 3 4

3 4 3 4

3 4 3 4

3 4 3 4

3 4 3 4

4 -5
4 5 4 5

4 5 4 5

4 5 4 5

4 5 4 5

4 5 4 5

1

1= => =  [ ] 8.10 [Kp/m] => =  [ ]
B1= 2 => = 5 [ ]2 8.10 [ / ] => =  [ ]

37
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5

1= 2 => = 5 [ ]2 8.10 [ ] => =  [ ]
1= 2 => = 5 [ ]2 8.10 [ / ] => =  [ ]
1= 2 => = 5 [ ]2 8.10 [ / ] => =  [ ]

2

2= ( 2 + 2 ) => = 5 [ ] 8.10 [ / ] => =  [ ]
B2= ( 2 + 2 ) => = 5 [ ] 8.10 [ / ] => =  [ ]

2= ( 2 + 2 ) => = 5 [ ] 8.10 [ / ] => =  [ ]
2= ( 2 + 2 ) => = 5 [ ] 8.10 [ / ] => =  [ ]
2= ( 2 + 2 ) => = 5 [ ] 8.10 [ / ] => =  [ ]

38
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5

3 - 4= = =  [ ]= = =  [ ]= = =  [ ]= = =  [ ]= = =  [ ]
5 = =  [ ]= =  [ ]= =  [ ]= =  [ ]= =  [ ]

1 ,5 2 ,3 ,4

[Kp] [Kp]
20 41
20 41
20 41
20 41
20 41
0 0
0 0
0 0
0 0

39
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5

5.2.3

cm = . [ / ] .  [ / ]
7: [8]

1

2

3

4

1= 5 2 => = 2.5 [ ] 13.10  [ / ] =>= .  [ / ]
40
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5

2= 5 => = 5 [ ] 13.10 [ / ] =>= .  [ / ]
3= 5 => = 5 [ ] 13.10 [ / ] =>= .  [ / ]
4= 5 => = 5 [ ] 13.10 [ / ] =>= .  [ / ]
5= 5 2 => = 2.5 [ ] 13.10 [ / ] =>= .  [ / ]

= = .  [ / ]
= = = .  [ / ]

5.2.3.1

1

1 1

1 1

1 1

1 1

41
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5

2

2 2

2 2

2 2

2 2

3

3 3

3 3

3 3

3 3

4

4 4

4 4

4 4

4 4

5

5 5

5 5

5 5

5 5
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5

1

1= = 3[ ]2 32.75 [ / ] => = .  [ ]
B1= = 3 [ ] 32.75 [ / ] => = .  [ ]

1= = 3 [ ] 32.75 [ / ] => = .  [ ]
1= = 3 [ ] 32.75 [ / ] => = .  [ ]
1= = 3[ ]2 32.75 [ / ] => = .  [ ]

43
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5

2

2= = 3[ ]2 65.50 [ / ] => = .  [ ]
B2= = 3 [ ] 65.5 [ / ] => = .  [ ]

2= = 3 [ ] 65.5 [ / ] => = .  [ ]
2= = 3 [ ] 65.5 [ / ] => = .  [ ]
2= = 3[ ]2 65.50 [ / ] => = .  [ ]

3 - 4= = = .  [ ]= = = .  [ ]= = = .  [ ]= = = .  [ ]= = = .  [ ]
5= = .  [ ]= = .  [ ]= = .  [ ]= = .  [ ]= = .  [ ]

44
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5

1 ,5 2 ,3 ,4

[Kp] [Kp]
49.125 98.25
98.25 196.5
98.25 196.5
98.25 196.5
49.125 98.25

0 0
0 0
0 0
0 0

5.3

DIN
DIN w

=                                                      (5.5)[ ][ ]
5.3.1 = 5 + 3 = 8 m q

m =  [ ]. = .tan = => = tan => =. °.

45
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5

9: 4]

c [4]

= = 1.2 50 [ ] sin 22.6° => =  [ ]
=                                                                    (5.6)[ ][ ]

) =                                                                      (5.7)
46
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5= 20 = 13 = = 20 13 =>  =  [ ]
= = 23 [ ] 260 [ ]=> = [ ]

5.3.2

i

= =                                                     (5.8)
1

1= = = 23 [ ] 2.5 [ ] 1.625[ ] => = .  [ ]
47
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5

B1= = = 23 [ ] 2.5 [ ] 3.25[ ] => = .  [ ]
1= = = 23 [ ] 2.5 [ ] 3.25[ ] => = .  [ ]
1= = = 23 [ ] 2.5 [ ] 3.25[ ] => = .  [ ]
1= = = 23 [ ] 2.5 [ ] 1.625[ ] => = .  [ ]

2

2= = = 23 [ ] 5 [ ] 1.625[ ] => = .  [ ]
B2= = = 23 [ ] 5 [ ] 3.25[ ] => = .  [ ]

2= = = 23 [ ] 5 [ ] 3.25[ ] => = .  [ ]
2= = = 23 [ ] 5 [ ] 3.25[ ] => = .  [ ]
2= = = 23 [ ] 5 [ ] 1.625[ ] => = .  [ ]

3 - 4= = = .  [ ]= = = .  [ ]= = = .  [ ]= = = .  [ ]= = = .  [ ]
48
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5

5= = .  [ ]= = .  [ ]= = .  [ ]= = .  [ ]= = .  [ ]
1 ,5 2 ,3 ,4

[Kp] [Kp]
94.3 186.8

186.8 373.7
186.8 373.7
186.8 373.7
94.3 186.8

0 0
0 0
0 0
0 0

5.3.3

x y

i==
1

1= sin = 94.3 [ ] sin 22.6° => = .  [ ]= cos = 94.3 [ ] cos 22.6° => = .  [ ]
49
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5

B1= sin = 186.8 [ ] sin 22.6° => = .  [ ]= cos = 186.8 [ ] cos 22.6° => = .  [ ]
1= sin = 186.8 [ ] sin 22.6° => = .  [ ]= cos = 186.8 [ ] cos 22.6° => = .  [ ]
1= sin = 186.8 [ ] sin 22.6° => = .  [ ]= cos = 186.8 [ ] cos 22.6° => = .  [ ]
1= sin = 94.3 [ ] sin 22.6° => = .  [ ]= cos = 94.3 [ ] cos 22.6° => = .  [ ]

2

2= sin = 186.8 [ ] sin 22.6° => = .  [ ]= cos = 186.8 [ ] cos 22.6° => = .  [ ]
B2= sin = 373.7 [ ] sin 22.6° => = .  [ ]= cos = 373.7 [ ] cos 22.6° => =  [ ]

2= sin = 373.7 [ ] sin 22.6° => = .  [ ]= cos = 373.7 [ ] cos 22.6° => =  [ ]
2= sin = 373.7 [ ] sin 22.6° => = .  [ ]= cos = 373.7 [ ] cos 22.6° => =  [ ]
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5

2= sin = 186.8 [ ] sin 22.6° => = . [ ]= cos = 186.8 [ ] cos 22.6° => = .  [ ]
1 ,5 1 ,5 2 ,3 ,4 2 ,3 ,4

x
[Kp]

y
[Kp]

x
[Kp]

y
[Kp]

35.9 86.2 71.8 172.4
71.8 172.4 143.6 345
71.8 172.4 143.6 345
71.8 172.4 143.6 345
35.9 86.2 71.8 172.4

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

5.4

DIN

 [ ]
3: S [3]

=                                                         (5.9) [ ]
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5[ ]
) =                                                            (5.10)

= 20° = 75 [ ]> 60°= 0.

= ,    20° 60°                                     (5.11)
,  [ ]

5.4.1 = . °
= 95 = 95 22.6 => = .  [ ]= 20 [ ] = 12 [ ]= = 20 [ ] 12 [ ] => =  [ ]

= = 72.4 [ ][ ] 240 [ ]=> =  [ ]
5.4.2
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5

= =                                           (5.12)
1

1= = = 72.4  [ ] 2.5 [ ] 1.5 [ ] => = .  [ ]
B1= = = 72.4  [ ] 2.5 [ ] 3 [ ] => =  [ ]

1= = = 72.4  [ ] 2.5 [ ] 3 [ ] => =  [ ]
1= = = 72.4  [ ] 2.5 [ ] 3 [ ] => =  [ ]
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5

1= = = 72.4 [ ] 2.5 [ ] 1.5 [ ] => = .  [ ]
2

2= = = 72.4  [ ] 5 [ ] 1.5 [ ] => =  [ ]
B2= = = 72.4  [ ] 5 [ ] 3 [ ] => =  [ ]

2= = = 72.4  [ ] 5 [ ] 3 [ ] => =  [ ]
2= = = 72.4  [ ] 5 [ ] 3 [ ] => =  [ ]
2= = = 72.4  [ ] 5 [ ] 1.5 [ ] => =  [ ]

3 - 4= = =  [ ]= = =  [ ]= = =  [ ]= = =  [ ]= = =  [ ]
5= = .  [ ]= =  [ ]= =  [ ]= =  [ ]= = .  [ ]
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5

1 ,5 2 ,3 ,4

[Kp] [Kp]
271.5 543
543 1086
543 1086
543 1086

271.5 543
0 0
0 0
0 0
0 0

5.5

5.5.1
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5

1 ,5 1 ,5 2 ,3 ,4 2 ,3 ,4

x [Kp] y [Kp] x [Kp] y [Kp]
0 384.2 0 725.9
0 812.9 0 1475.1
0 800.8 0 1463.0
0 792.1 0 1454.3
0 424.5 0 766.2
0 114.1 0 114.1
0 191.2 0 191.2
0 233.6 0 233.6
0 238.9 0 238.9

5.5.2

Z

1 ,5 1 ,5 2 ,3 ,4 2 ,3 ,4

x [Kp] y [Kp] x [Kp] y [Kp]
35.9 470.4 71.8 898.3
71.8 985.3 143.6 1820.1
71.8 973.2 143.6 1808.0
71.8 964.5 143.6 1799.3
35.9 510.7 71.8 938.6

0 114.1 0 114.1
0 191.2 0 191.2
0 233.6 0 233.6
0 238.9 0 238.9
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6

6.1

6 2.

6.1:

6.2:

PAy

PBy

P y

P y

P y

P yP yP yP y

y

Ax

Ix
S1

S1

S12

S12

S8

S8

S4

S4

S11

S11

S7

S7 S3

S3

S15

S15
S14 S14 S10 S10 S6 S6 S2 S2

S13

S13

S9

S9

S5

S5

A

B

PPAAyy

PPBByy

PP yy

PP yy

PP yy

PP yyPP yyPP yy
PP yy
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6

6.1.1 , 3

= 0 =>                                                           (6.1)= 0                                                                 (6.2)= 0 =>                                                          (6.3)= + + + + + + + + =>= 725.9 + 1475.1 + 1463.0 + 1454.3 + 766.2 + 114.1 + 191.2 + 233.6 + 238.9 =>= .  [ ]
= 0 =>                                                         (6.4)5 = 3 + + 6 + + 9 + + 12 =>5 = 3 (1475.1 + 233.6) + 6 (1475.1 + 191.2) + 9 (1454.3 + 114.1) + 12 766.2= .  [ ](6.2) = .  [ ]

= .  [ ]= .  [ ]= .  [ ]
6.1.2

1 5
1

2

= .  [ ]= .  [ ]= . [ ]
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6

6.2

6.2.1 , 3
, 3

3:

= = 22.6 => = 0.92                                   (6.5)= = 22.6 => = 0.38                                   (6.6)
= 0 => = 0 => 0.38 = 766.2 [ ] => = .  [ ]= 0 => + = 0 => = 0.92 = 0.92 2016.3 [ ] =>=  [ ]

E

PEy
S1y

S1x

S1

S2

22.6
o
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6

Z
Z

4: Z

Z= 0 => = 0 => = =>=  [ ]= 0 => = 0 => = => = .  [ ]

5: ,= 22.6 => = 0.92                                   (6.7)= 22.6 => = 0.38                                   (6.8)= 67.4 => = 0.92                                   (6.9)= 67.4 => = 0.38                                (6.10)

P yS4y

S4x

S4

S5x

S5 S5y S1y

S1x

S1

22.6
o

67.4
o

P y

S2

S3

S6
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6

= 0 => = 0 => + = =>0.92 + 0.92 = 0.92 => + =+ =  2016.3 [ ]                                                 (6.11)= 0 => = 0 => = + + => 0.38 0.38 = 0.38 + + =>= + + 0.38 = 2016.3 [ ] + (114.1 [ ] + 1454.3 [ ]) 0.38= 6143.7 [ ]                                                 (6.12)
=  [ ] 

= .  [ ] 

6:

= 0 => + = 0 => = + =>= 1855 [ ] + 0.92 ( 2063.7 [ ])= .  [ ]

P y

S10 S6

S5y

S5x

S5
S7

67.4
o

61

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


6= 0 => + = 0 => = => = 191.2 [ ] 0.38 ( 2063.7 [ ])= .  [ ]

7:

= 22.6 => = 0.92                                   (6.13)= 22.6 => = 0.38                                   (6.14)
= 0 => = 0 => 0.92 = =>= 7672.14/0.92 [ ]= .  [ ]= 0 => = 0 => = => = 6662.2 [ ] 0.38 8339.3 [ ] 725.9 [ ]= .  [ ]

A

PAy

S12x

S15

x

y S12y S12

22.6o
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6

I
I

8: I

= 51.3 => = 0.63                                   (6.15)= 51.3 => = 0.78                                   (6.16)
= 0 => + = 0 => = => = (238.9 2767.4)/0.78 [ ]= .  [ ]= 0 => + + = 0 => = =>= 0.63 ( 3241.7 [ ])  7672.14 [ ]= .  [ ]

9:

P y

S9x

S11
S9y

39.8o

S14

S9

S1

I

PIy

S13x

S15

Ix

S13y

51.3o

S14

S13
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6

= 39.8 => = 0.77                                   (6.17)= 39.8 => = 0.64                                   (6.18)
= 0 => + = 0 => = =>= ( 5629.9 [ ]  ( 3753.6 [ ]))/0.77= .  [ ]= 0 => + = 0 => = => = 233.6 [ ] 0.64 ( 2680.4 [ ])= .  [ ]

B
B

10: = 22.6 => = 0.92                                   (6.19)= 22.6 => = 0.38                                   (6.20)
= 0 => = 0 => = + =>= + (0.63/0.92) =>= 8339.3 [ ] + (0.63/0.92) ( 3241.7 [ ]) =>= .  [ ]

B

P y

S8x

S12x

S8y

22.6o

S11

S8

S13x

S12 S12y

22.6
o

S13y
S13
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6

6.2.2
1 5

2, 3 4

= .  [ ]= .  [ ]
Z= .  [ ]= .  [ ]

= .  [ ] = .  [ ] 
= .  [ ]= .  [ ]
= .  [ ]= .  [ ]

I= .  [ ]= .  [ ]
= .  [ ]= .  [ ]

B= .  [ ]
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6

6.3

6.3.1 , 3

2, 3 4.

6.1: , 3

(m) (Kp)
1 3.25 S1 2016.2
2 3.00 S2 -1854.9
3 1.25 S3 114.1
4 3.25 S4 4079.9
5 3.25 S5 -2063.7
6 3.00 S6 -1854.9
7 2.50 S7 975.4
8 3.25 S8 6119.4
9 3.90 S9 -2436.9

10 3.00 S10 -3753.5
11 3.75 S11 1793.2
12 3.25 S12 8339.3
13 4.80 S13 -3241.7
14 3.00 S14 -5629.9
15 5.00 S15 2767.4
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6

6.3.2 1 5

2

6.2:

(m) (Kp)
1 3.25 S1 1117.2
2 3.00 S2 -1027.8
3 1.25 S3 114.1
4 3.25 S4 2309.5
5 3.25 S5 -1192.3
6 3.00 S6 -1027.8
7 2.50 S7 644.3
8 3.25 S8 3519.1
9 3.90 S9 -1445.3

10 3.00 S10 -2124.7
11 3.75 S11 1158.6
12 3.25 S12 4856.7
13 4.80 S13 -1953.3
14 3.00 S14 -3237.6
15 5.00 S15 1762.4
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6

6.4

St H =  [ ] =  [ ]
6.3: [ ]

6.5

2 , 3
1
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6

6.11:
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6

6.12:

6.5.1 , 3     

6.5.1.1 2 , 3

=  .  [ ],
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6

=> =>                                      (6.21)
2016.2 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 1.262 = 0.63 [ ]

 × .

= .  [ ] = .  [ ]= .  [ ]= .  [ ]= = .  [ ]

=                                                                 (6.22)= 2.2 [ ] 1.12 [ ] => = .  [ ]

=                                                                   (6.23)
= 2016.2 [ ] 1.08 [ ]= .  [ ]

71

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


6

= 10 [ ]
 =  [ ],

= {4, 10, 4 } = 4 [ ]
= 50 2 [ ]                                               (6.24)= 50 4[ ] 2 [ ]= 12.14 [ ]=  [ ], .

= =                                                  (6.25)
=1 

= + 1 = 12 + 1 = 13 [ ] = 1.3 [ ]
= 2 (3.08   1 1.3 [ ] 0.4 [ ])= . [ ] > .  [ ]

:= = 2 = 2 1.56 [ ] =>  = .  [ ]
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6

=  
=  +                                                            (6.26)

= 2016.2 [ ]5.12 [ ] + 2177.5 [ ] 3.12 [ ]= .  [ ]
= .  [ ] < =  [ ] ×

S

1.
1

= = . = .  [ ]= = . [ ]

                                                                         (6.27)
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6

 = 2 = 2 4.48 [ ]1.12[ ] => = 8 [ ]
 = 2177.5 [ ]8 [ ] = .  [ ]

 = 2016.2 [ ]5.12 [ ] = .  [ ]
 <  

.

3 =  .  [ ]

=> =>
114.1 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 0.072 = 0.04 [ ]

 × .

= .  [ ]= .  [ ]
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6= .  [ ]= .  [ ]= = .  [ ]

== 2.2 [ ] 1.12 [ ] => = .  [ ]

=
= 114.1 [ ] 1.08 [ ]= .  [ ]

= 10 [ ]
 =  [ ],

= {4, 10, 4 } = 4 [ ]
= 50 2 [ ]= 50 4[ ] 2 [ ]= 12.14 [ ]=  [ ], .
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6

3

= =
=1 

= + 1 = 12 + 1 = 13 [ ] = 1.3 [ ]
= 2 (3.08   1 1.3 [ ] 0.4 [ ])= . [ ] > .  [ ]

:= = 2 = 2 1.56 [ ] =>  = .  [ ]

=  +  
= 114.1 [ ]5.12 [ ] + 123.2 [ ] 3.12 [ ]= .  [ ]

3

= .  [ ] < =  [ ] ×
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6

S

11.

= = . = .  [ ]= = . [ ]
6.11.

  
 = 2 = 2 4.48 [ ]1.12[ ] => = 8 [ ]

 = 123.2 [ ]8 [ ] = .  [ ]
 = 114.1 [ ]5.12 [ ] = .  [ ]

 <  
.
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6

4 =  .  [ ]

=> =>
4079.9 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 2.552 = 1.28 [ ]

 × .

= .  [ ]= .  [ ]=  [ ]= .  [ ]= = .  [ ]

== 3 [ ] 1.56 [ ] => = .  [ ]
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6

== 4079.9 [ ] 1.44 [ ]= .  [ ]
= 10 [ ]

 =  [ ],
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]=  [ ], 6.

4

= =
=1 

= + 1 = 16 + 1 = 17 [ ] = 1.7 [ ]
= 2 (6.31 1 1.3 [ ] 0.6 [ ])= .  [ ] > .  [ ]
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6

= = 2 = 2 4.4 [ ] =>  = .  [ ]

=  +  = 4079.9 [ ]11.06 [ ] + 5875.1 [ ] 8.8 [ ]= .  [ ]
4

= .  [ ] < =  [ ] ×
S

11.
11,

= = . . = .  [ ]= = . [ ]
4

11.
4
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6

  
 = 2 = 2 17.3 [ ]1.56[ ] => = 22.17 [ ]

 = 5875.1 [ ]22.17 [ ] =  [ ]
 = 4079.9 [ ]11.06 [ ] = .  [ ]

 <  
.

=  .  [ ]

=> =>
975.4 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 0.612 = 0.31 [ ]
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6

 × .

= .  [ ]= .  [ ]= .  [ ]= .  [ ]= = .  [ ]

== 2.2 [ ] 1.12 [ ] => = .  [ ]

=
= 975.4[ ] 1.08 [ ]= .  [ ]

= 10 [ ]
 =  [ ],

= {4, 10, 4 } = 4 [ ]
= 50 2 [ ]
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6

= 50 4[ ] 2 [ ]= 12.14 [ ]=  [ ], .

7

= =
=1                       

= + 1 = 12 + 1 = 13 [ ] = 1.3 [ ]
= 2 (3.08   1 1.3 [ ] 0.4 [ ])= . [ ] > .  [ ]

7
:= = 2 = 2 1.56 [ ] =>  = .  [ ]

=  +  
= 975.4 [ ]5.12 [ ] + 1053.4 [ ] 3.12 [ ]= .  [ ]
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6

7

= .  [ ] < =  [ ] ×
S

1.
11

= = . = .  [ ]= = . [ ]
7

11.
7

  
 = 2 = 2 4.48 [ ]1.12[ ] => = 8 [ ]
 = 1053.4 [ ]8 [ ] = .  [ ]

 = 975.4 [ ]5.12 [ ] = .  [ ]
84

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


6

 <  
.

8

8 =  .  [ ]

=> =>
6119.4 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 3.822 = 1.91 [ ]

 × .

= .  [ ]= .  [ ]=  [ ]= .  [ ]= = .  [ ]

== 4 [ ] 1.93 [ ] => = .  [ ]
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6

== 6119.4 [ ] 2.07 [ ]= .  [ ]
= 10 [ ]

 =  [ ],
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]=  [ ], 6.

8

= =
=1                       

= + 1 = 16 + 1 = 17 [ ] = 1.7 [ ]
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6= 2 (8.13 1 1.3 [ ] 0.6 [ ])= .  [ ] > .  [ ]

8
:= = 2 = 2 7.27 [ ] =>  = .  [ ]

=  +  
= 6119.4 [ ]14.7 [ ] + 12667.2 [ ] 14.54 [ ]= .  [ ]

8

= .  [ ] < =  [ ] ×
S

11.
11,

= = . = .  [ ]= = .  [ ]
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6

11.

  
 = 2 = 2 36.9 [ ]1.93[ ] => = 38.2 [ ]

 = 12667.2 [ ]38.2 [ ] = .  [ ]
 = 6119.4 [ ]14.7 [ ] = .  [ ]

 <  
.

11 =  . [ ]

=> =>
1793.2 [ ]1600 [ ] => .  [ ]
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62 )(
( ) = 2 1.122 = 0.56 [ ]

 × .

= .  [ ]= .  [ ]= .  [ ]= .  [ ]= = .  [ ]

== 2.2 [ ] 1.12 [ ] => = .  [ ]

=
= 1793.2 [ ] 1.08 [ ]= .  [ ]

= 10 [ ]
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6

 =  [ ], ,

= {4, 10, 4 } = 4 [ ]
= 50 2 [ ]= 50 4[ ] 2 [ ]= 12.4 [ ] =  [ ], 2.

11

= =
=1 = + 1 = 12 + 1 = 13 [ ] = 1.3 [ ]

= 2 (3.08 1 1.3 [ ] 0.4 [ ])= .  [ ] > .  [ ]

:= = 2 = 2 1.56 [ ] =>  = .  [ ]
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6

=  +  
= 1793.2 [ ]5.12 [ ] + 1936.7 [ ] 3.12 [ ]=  [ ]

11

=  [ ] < =  [ ] ×
S

6.11.

= = . = .  [ ]= = .  [ ]

11
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6

 = 2 = 2 2.88[ ]1.12 [ ] => = 8 [ ]
 = 1936.7 [ ]8 [ ] = .  [ ]

 = 1793.2 [ ]5.12 [ ] = .  [ ]
 <  

.

12 =  .  [ ]

=> =>
8339.3 [ ]1600 [ ] => .  [ ]

2 )(
( ) = 2 5.212 = 2.6 [ ]

 × .

= .  [ ] = .  [ ]= .  [ ]
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6= . [ ]= = .  [ ]

== 4.5 [ ] 2.21 [ ] => = .  [ ]

=
= 8339.3 [ ] 2.29 [ ]=  [ ]

= 10 [ ]
 =  [ ],

= {7, 10, 7 } = 7 [ ]
= 50 2 [ ]= 50 7[ ] 2 [ ]= 16.7 [ ] =  [ ], 6.
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6

12

= =
=1 

= + 1 = 16 + 1 = 17 [ ] = 1.7 [ ]
= 2 (10.8 1 1.7 [ ] 0.7 [ ])= .  [ ] > .  [ ]

12
:= = 2 = 2 11.1 [ ] =>  = .  [ ]

=  +  
= 8339.3 [ ]19.22 [ ] + 19097 [ ] 22.2 [ ]= .  [ ]
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S
(Kp) 2L

F
(cm2)

Wx
(cm3)

w1 
(cm)

e
(cm)

c
(cm)

M
(Nm)

Fn
(cm2)

Wd
(cm3) (Kp/cm2)

1 2016.2 40x4 3.08 1.56 2.2 1.12 1.08 2177.5 5.12 3.12 1091.7
3 114.1 40x4 3.08 1.56 2.2 1.12 1.08 123.2 5.12 3.12 61.8
4 4079.9 55x6 6.31 4.4 3 1.56 1.44 5875.1 11.06 8.8 1036.5
7 975.4 40x4 3.08 1.56 2.2 1.12 1.08 1053.4 5.12 3.12 528.1
8 6119.4 70x6 8.13 7.27 4 1.93 2.07 12667.2 14.7 14.54 1287.5

11 1793.2 40x4 3.08 1.56 2.2 1.12 1.08 1936.6 5.12 3.12 971
12 8339.3 80x7 10.8 11.1 4.5 2.21 2.29 19097 19.22 22.2 1294.1
15 2767.4 50x4 3.89 2.46 3 1.36 1.64 4538.5 6.74 4.92 1333.1

6.5.1.2 2 , 3

=  .  [ ]
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6:
2 , 3 4 .

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1
(cm)

e
(cm)

x=Iy
(cm4)

c
(cm) (Kpcm)

F
(cm2)

Wd
(cm3)

2 1854.9 55x6 6.31 4.4 3 1.56 17.3 1.44 2671.1 12.62 8.8
5 2063.7 60x6 6.91 5.29 3.5 1.69 22.8 1.81 3735.3 13.82 10.58
6 1854.9 55x6 6.31 4.4 3 1.56 17.3 1.44 2671.1 12.62 8.8
9 2436.9 70x6 8.13 7.27 4 1.93 36.9 2.07 5044.3 16.26 14.54

10 3753.5 70x6 8.13 7.27 4 1.93 36.9 2.07 7769.7 16.26 14.54
13 3241.7 80x8 12.3 12.6 4.5 2.26 72.3 2.24 7261.4 24.6 25.2
14 5629.9 80x8 12.3 12.6 4.5 2.26 72.3 2.24 12611 24.6 25.2

x
(cm4)

Iy
(cm4)

min
(cm4)

imin
(cm)

L
(cm)

s
(cm) (Kp/cm2)

2 34.6 88.2 34.6 1.656 300 300 181.2 5.59 1094.8
5 45.6 111.9 45.6 1.816 325 325 178.9 5.41 1125.6
6 34.6 88.2 34.6 1.656 300 300 181.2 5.59 1094.8
9 73.8 169.8 73.8 2.13 390 390 183.1 5.72 1169.5
10 73.8 169.8 73.8 2.13 300 300 140.8 3.36 1256.6
13 144.6 332 144.6 2.424 480 480 198.0 6.62 1131.7
14 144.6 332 144.6 2.424 300 300 123.7 2.6 1045.4
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6.5.2 1 5

5

6.5.2.1

7:
1 5

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1 
(cm)

e
(cm)

c
(cm)

M
(Nm)

Fn
(cm2)

Wd
(cm3) (Kp/cm2)

1 1117.2 40x4 3.08 1.56 2.2 1.12 1.08 1206.6 5.12 3.12 604.9
3 114.1 40x4 3.08 1.56 2.2 1.12 1.08 123.2 5.12 3.12 61.8
4 2309.5 40x4 3.08 1.56 2.2 1.12 1.08 2494.3 5.12 3.12 1250.5
7 644.3 40x4 3.08 1.56 2.2 1.12 1.08 695.8 5.12 3.12 348.9
8 3519.1 60x6 6.91 5.29 3.5 1.69 1.81 6369.6 11.78 10.58 900.8

11 1158.6 40x4 3.08 1.56 2.2 1.12 1.08 1251.3 5.12 3.12 627.3
12 4856.7 60x6 6.91 5.29 3.5 1.69 1.81 8790.6 5.12 3.12 1243.2
15 1762.4 40x4 3.08 1.56 2.2 1.12 1.08 1903.4 11.78 10.58 954.3
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6.5.2.2

8:
1 5

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1
(cm)

e
(cm)

x=Iy
(cm4)

c
(cm) (Kpcm)

F
(cm2)

Wd
(cm3)

2 1027.8 50x4 3.89 2.46 3 1.36 8.97 1.64 1685.6 7.8 4.92
5 1192.3 55x6 6.31 4.4 3 1.56 17.3 1.44 1716.9 12.62 8.8
6 1027.8 50x4 3.89 2.46 3 1.36 8.97 1.64 1685.6 7.8 4.92
9 1445.3 55x6 6.31 4.4 3 1.56 17.3 1.44 2081.2 12.62 8.8

10 2124.7 60x6 6.91 5.29 3.5 1.69 22.8 1.81 3845.7 13.82 10.58
13 1953.3 70x6 8.13 7.27 4 1.93 36.9 2.07 4043.3 16.26 14.54
14 3237.6 80x8 12.3 12.6 4.5 2.26 72.3 2.24 7252.2 24.6 25.2

x
(cm4)

Iy
(cm4)

min
(cm4)

imin
(cm)

L
(cm)

s
(cm) (Kp/cm2)

2 17.94 44.9 17.94 1.519 300 300 197.6 6.62 1182.9
5 34.6 88.2 34.6 1.656 325 325 196.3 6.55 794.4
6 17.94 44.9 17.94 1.519 300 300 197.6 6.62 1182.9
9 73.8 169.8 73.8 2.13 390 390 235.5 9.41 1290.5
10 45.6 111.9 45.6 1.816 300 300 165.2 4.65 1042.0
13 73.8 169.8 73.8 2.13 480 480 225.3 8063 1287
14 144.6 332 144.6 2.424 300 300 123.7 2.6 601.2
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6.5.3
9 , 3 4

1 5

9: 2 , 3 4
.

(m) (Kp) 2L
1 3.25 2016.2 40x4
2 3.00 1854.9 55x6
3 1.25 114.1 40x4
4 3.25 4079.9 50x6
5 3.25 2063.7 60x6
6 3.00 1854.9 55x6
7 2.50 975.4 40x4
8 3.25 6119.4 70x6
9 3.90 2436.9 70x6

10 3.00 3753.5 70x6
11 3.75 1793.2 40x4
12 3.25 8339.3 80x7
13 4.80 3241.7 80x8
14 3.00 5629.9 80x8
15 5.00 2767.4 50x4

10: 1 5
.

(m) (Kp) 2L
1 3.25 1117.2 40x4
2 3.00 1027.8 50x4
3 1.25 114.1 40x4
4 3.25 2309.5 40x4
5 3.25 1192.3 55x6
6 3.00 1027.8 50x4
7 2.50 644.3 40x4
8 3.25 3519.1 60x6
9 3.90 1445.3 55x6

10 3.00 2124.7 60x6
11 3.75 1158.6 40x4
12 3.25 4856.7 80x7
13 4.80 1953.3 70x6
14 3.00 3237.6 80x8
15 5.00 1762.4 40x4
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6

6.6

6.6.1 2 , 3

6.6.1.1 , 3

 × =  2016.2 [ ] = 2.02 [ ]= 2177.5 [ ] = 2.18 [ ]

= 10 [ ]= 4 [ ]
= {4, 10, 4 } = 4 [ ]

= 50 2 [ ]= 50 4[ ] 2 [ ]= 12.14 [ ]
=  [ ],= + =  [ ]

D
St37
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6

“H” = 2.53 [ ]
= {4 + 4, 10} = 8 [ ]

“H” = 2.30 [ ]
6.11: St37.

D [6].

= { , } = {2.53, 2.30} => = .  [ ]
= => = 2.022.30 = 0.88 =  

.
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6

= 17 [ ]= 8 [ ]
= .                             = ( 3.5 13              8 13              15 8 )[ ]= (45.5              104             120 )[ ]=  [ ]

=                             = ( 2 13              3 13              6 8 )[ ]= (26              39             48 )[ ]=  [ ]
.

= = 2.02 [ ]2 => = 1.01 [ ]
= = = 2.18 [ ]7 [ ] => = 0.31 [ ]

= + => = .  [ ]
= 1.06 [ ] < 2.30 [ ] =
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6

 × =  114.1 [ ] = 0.11 [ ]=  123.2 [ ] = 0.12 [ ]
Z= 10 [ ]= 4 [ ]

= {4, 10, 4 } = 4 [ ]
= 50 2 [ ]= 50 4[ ] 2 [ ]= 12.14 [ ]

=  [ ],= + =  [ ]

D
St37

“H” = 2.53 [ ]
= {4 + 4, 10} = 8 [ ]

“H” = 2.30 [ ]
139

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


6

= { , } = {2.53, 2.30} => = .  [ ]
= => = 0.112.30 = 0.05 =  

.

= 13 [ ]= 8 [ ]
= .                             = ( 3.5 13              8 13              15 8 )[ ]= (45.5              104             120 )[ ]=  [ ]

=                             = ( 2 13              3 13              6 8 )[ ]= (26              39             48 )[ ]=  [ ]
.

= = 0.11 [ ]2 => = 0.06 [ ]
= = = 0.12 [ ]7 [ ] => = 0.02 [ ]
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6

= + => = .  [ ]
= 0.06 [ ] < 2.30 [ ] =

4

 × =  4079.9 [ ] = 4.08 [ ]=  5875.1 [ ] = 5.88 [ ]

= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]
=  [ ], 6= + =  [ ]

D
St37
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6

6
“H” = 4.50 [ ]

6= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 4.083.84 = 1.06 =  

.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17              15 10 )[ ]= (59.5             136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
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6

.

= = 4.08 [ ]2 => = 2.04 [ ]
= = = 5.88 [ ]9 [ ] => = 0.65 [ ]

= + => = .  [ ]
= 2.14 [ ] < 3.84 [ ] =

 × =  975.4 [ ] = 0.98 [ ]=  1053.4 [ ] = 1.05 [ ]

= 10 [ ]= 4 [ ]
= {4, 10, 4 } = 4 [ ]

= 50 2 [ ]= 50 4[ ] 2 [ ]= 12.14 [ ]
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6

=  [ ],= + =  [ ]

D
St37

“H” = 2.53 [ ]
= {4 + 4, 10} = 8 [ ]

“H” = 2.30 [ ]
= { , } = {2.53, 2.30} => = .  [ ]

= => = 0.982.30 = 0.42 =  
.

= 13 [ ]= 8 [ ]
= .                             = ( 3.5 13              8 13              15 8 )[ ]= (45.5              104             120 )[ ]=  [ ]
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6

=                             = ( 2 13              3 13              6 8 )[ ]= (26              39             48 )[ ]=  [ ]

.

= = 0.98 [ ]2 => = 0.49 [ ]
= = = 1.05 [ ]7 [ ] => = 0.15 [ ]

= + => = .  [ ]
= 0.51 [ ] < 2.30 [ ] =

 × =  6119.4 [ ] = 6.12 [ ]=  12667.1 [ ] = 12.67 [ ]
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6= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6 [ ] 2 [ ]= 15.32 [ ]
=  [ ],= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 6.123.84 = 1.59 =  

.
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6

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
.

= = 6.12 [ ]2 => = 3.06 [ ]
= = = 12.67 [ ]9 [ ] => = 1.41 [ ]

= + => = .  [ ]
= 3.37 [ ] < 3.84 [ ] =
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6

 × , =  1793.2 [ ] = 1.79 [ ]=  1936.7 [ ] = 1.94 [ ]

= 10 [ ]= 4 [ ]
= {4, 10, 4 } = 4 [ ]

= 50 2 [ ]= 50 4 [ ] 2 [ ]= 12.14 [ ]
=  [ ], 2= + =  [ ]

6.11 D
St37

“H” = 2.53 [ ]
= {4 + 4, 10} = 8 [ ]

“H” = 2.30 [ ]
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6= { , } = {2.53, 2.30} => = .  [ ]
= => = 1.792.30 = 0.78 =  

.

= 13 [ ]= 10 [ ]
= .                             = ( 3.5 13              8 13             15 8 )[ ]= (45.5              104             120 )[ ]=  [ ]

=                             = ( 2 13              3 13              6 8 )[ ]= (26             39             48 )[ ]=  [ ]
.

= = 1.79 [ ]2 => = 0.90 [ ]
= = = 1.94 [ ]7 [ ] => = 0.28 [ ]
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6

= + => = .  [ ]
= 0.94 [ ] < 2.30 [ ] =

 × =  8339.3 [ ] = .  [ ]=  19097.0 [ ] = .  [ ]

= 10 [ ]= 7 [ ]
= {7, 10, 6 } = 7 [ ]

= 50 2 [ ]= 50 7 [ ] 2 [ ]= 16.71 [ ]
=  [ ],= + =  [ ]

D
St37
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6

“H” = 4.50 [ ]
= {7 + 7, 10} = 10 [ ]

“H” = 3.84 [ ]
= { , } = {4.50, 3.84} => = .  [ ]

= => = 8.343.84 = 2.17 =  
3 6.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
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6

.

= = 8.34 [ ]2 => = 2.78 [ ]
= = = 19.10 [ ]9 [ ] => = 2.12 [ ]

= + => = .  [ ]
= .  [ ] < .  [ ] =

5 ( )

 × , =  2767.4 [ ] = 2.77 [ ]=  4538.5 [ ] = 4.54 [ ]

= 10 [ ]= 4 [ ]
= {4, 10, 4 } = 4 [ ]

= 50 2 [ ]= 50 4 [ ] 2 [ ]
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6

= 12.14 [ ]
=  [ ], 2= + =  [ ]

6.11 D
St37

“H” = 2.53 [ ]
= {4 + 4, 10} = 8 [ ]

“H” = 2.30 [ ]
= { , } = {2.53, 2.30} => = .  [ ]

= => = 2.772.30 = 1.2 =  
.

= 13 [ ]= 10 [ ]
= .                             = ( 3.5 13              8 13             15 8 )[ ]= (45.5              104             120 )[ ]
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6

=  [ ]
=                             = ( 2 13              3 13              6 8 )[ ]= (26             39             48 )[ ]=  [ ]

.

= = 2.77 [ ]2 => = 1.38 [ ]
= = = 4.54 [ ]7 [ ] => = 0.65 [ ]

= + => = .  [ ]
= 1.53 [ ] < 2.30 [ ] =

6
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6

2 , 3
.

2L
S

(tons)
M

(tons.cm)
d1

(mm)
d

(mm)
N

(tons)
Nl

(tons)
N

(tons)
n

1 40x4 2.02 2.18 12.14 M12 13 2.53 2.3 2.3 2
3 40x4 0.11 0.12 12.14 M12 13 2.53 2.3 2.3 2
4 55x6 4.08 5.88 15.32 M16 17 4.5 3.84 3.84 2
7 40x4 0.98 1.05 12.14 M12 13 2.53 2.3 2.3 2
8 70x6 6.12 12.67 15.32 M16 17 4.5 3.84 3.84 2

11 40x4 1.79 1.94 12.14 M12 13 2.53 2.3 2.3 2
12 80x7 8.34 19.10 16.71 M16 17 4.5 3.84 3.84 3
15 2L50x4 2.77 4.54 12.14 M12 13 2.53 2.3 2.3 2

tmin
(mm)

3.5d
(mm)

8d
(mm)

15t
(mm)

eo
(mm)

2d
(mm)

3d
(mm)

6t
(mm)

e1
(mm)

N1
(tons)

N2
(tons)

NR
(tons)

1 8 45.5 104 120 70 26 39 48 35 1.01 0.31 1.06
3 8 45.5 104 120 70 26 39 48 35 0.06 0.02 0.06
4 10 59.5 136 150 90 34 51 60 45 2.04 0.65 2.14
7 8 45.5 104 120 70 26 39 48 35 0.49 0.15 0.51
8 10 59.5 136 150 90 34 51 60 45 3.06 1.41 3.37

11 8 45.5 104 120 70 26 39 48 35 0.90 0.28 0.94
12 10 59.5 136 150 90 34 51 60 45 2.78 2.12 3.50
15 8 45.5 104 120 70 26 39 48 35 1.38 0.65 1.53

6.6.1.2 , 3

 × =  1854.9 [ ] = 1.85 [ ]=  2671.1 [ ] = 2.67 [ ]

= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]
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6

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]
=  [ ], 6= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

6= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 1.853.84 = 0.48 =  

.

= 17 [ ]= 10 [ ]
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6

= .                             = ( 3.5 17              8 17              15 10 )[ ]= (59.5             136             150 )[ ]=  [ ]
=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]

.

= = 1.85[ ]2 => = 0.93 [ ]
= = = 2.67 [ ]9 [ ] => = 0.30 [ ]

= + => = .  [ ]
= 0.97 [ ] < 3.84 [ ] =
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6

5  × =  2053.7 [ ] = 2.05 [ ]=  3735.3 [ ] = 3.74 [ ]

= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]
=  [ ], 6= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

6= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]
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6

= { , } = {4.50, 3.84} => = .  [ ]
= => = 2.053.84 = 0.54 =  

.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17              15 10 )[ ]= (59.5             136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
.

= = 2.05[ ]2 => = 1.03 [ ]
= = = 3.74 [ ]9 [ ] => = 0.42 [ ]
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6

= + => = .  [ ]
= 1.11 [ ] < 3.84 [ ] =

6  × =  1854.9 [ ] = 1.85 [ ]=  2671.1 [ ] = 2.67 [ ]

= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6[ ] 2 [ ]= 15.32 [ ]
=  [ ], 6= + =  [ ]

D
St37
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6

6
“H” = 4.50 [ ]

6= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 1.853.84 = 0.48 =  

.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17              15 10 )[ ]= (59.5             136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
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6

.

= = 1.85 [ ]2 => = 0.93 [ ]
= = = 2.67 [ ]9 [ ] => = 0.3 [ ]

= + => = .  [ ]
= 0.97 [ ] < 3.84 [ ] =

 × =  2436.9 [ ] = 2.44 [ ]=  5044.4 [ ] = 5.04 [ ]

= 10 [ ]= 6 [ ]
= {6, 10, 6 } = 6 [ ]

= 50 2 [ ]= 50 6 [ ] 2 [ ]= 15.32 [ ]
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6

=  [ ],= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 2.443.84 = 0.63 =  

6.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]
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6

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]

.

= = 2.44 [ ]2 => = 1.22[ ]
= = = 5.04 [ ]9 [ ] => = 0.56 [ ]

= + => = .  [ ]
= 1.34 [ ] < 3.84 [ ] =

 × =  3753.5 [ ] = 3.75 [ ]=  7769.7 [ ] = 7.77 [ ]

= 10 [ ]= 6 [ ]
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6

= {6, 10, 6 } = 6 [ ]
= 50 2 [ ]= 50 6 [ ] 2 [ ]= 15.32 [ ]

=  [ ],= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

= {6 + 6, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 3.753.84 = 0.98 =  

.
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6

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]

.

= = 3.75 [ ]2 => = 1.88 [ ]
= = = 7.77 [ ]9 [ ] => = 0.86 [ ]

= + => = .  [ ]
= 2.07 [ ] < 3.84 [ ] =
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6

3 (

 × =  3241.7 [ ] = 3.24 [ ]=  7261.4 [ ] = 7.26 [ ]

= 10 [ ]= 8 [ ]
= {8, 10, 8} = 8 [ ]

= 50 2 [ ]= 50 8 [ ] 2 [ ]= 18 [ ]
=  [ ],= + =  [ ]

D
St37

6
“H” = 4.50 [ ]

= {8 + 8, 10} = 10 [ ]
“H” = 3.84 [ ]
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6

= { , } = {4.50, 3.84} => = .  [ ]
= => = 3.243.84 = 0.84 =  

6.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]

.

= = 3.24 [ ]2 => = 1.62[ ]
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6

= = = 7.26 [ ]9 [ ] => = 0.81 [ ]
= + => = .  [ ]

= 1.81 [ ] < 3.84 [ ] =
4  × =  5629.9 [ ] = 5.63 [ ]=  12611 [ ] = 12.61 [ ]

= 10 [ ]= 8 [ ]
= {8, 10, 8} = 8 [ ]

= 50 2 [ ]= 50 8 [ ] 2 [ ]= 18 [ ]
=  [ ],= + =  [ ]

D
St37
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6

6
“H” = 4.50 [ ]

= {8 + 8, 10} = 10 [ ]
“H” = 3.84 [ ]

= { , } = {4.50, 3.84} => = .  [ ]
= => = 5.633.84 = 1.47 =  

6.

= 17 [ ]= 10 [ ]
= .                             = ( 3.5 17              8 17             15 10 )[ ]= (59.5              136             150 )[ ]=  [ ]

=                             = ( 2 17              3 17              6 10 )[ ]= (34              51             60 )[ ]=  [ ]
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6

.

= = 5.63 [ ]2 => = 2.81 [ ]
= = = 12.61 [ ]9 [ ] => = 1.40 [ ]

= + => = .  [ ]
= 3.14 [ ] < 3.84 [ ] =

3:
2 , 3

.
2L

S
(tons)

M
(tons.cm)

d1
(mm)

d
(mm)

N
(tons)

Nl
(tons)

N
(tons)

n

2L55x6 1.85 2.67 15.32 M16 17 4.5 3.84 3.84 2
2L60x6 2.06 3.74 15.32 M16 17 4.5 3.84 3.84 2
2L55x6 1.85 2.67 15.32 M16 17 4.5 3.84 3.84 2
2L70x6 2.44 5.04 15.32 M16 17 4.5 3.84 3.84 2
2L70x6 3.75 7.77 15.32 M16 17 4.5 3.84 3.84 2
2L80x8 3.24 7.26 18.00 M16 17 4.5 3.84 3.84 2
2L80x8 5.63 12.61 18.00 M16 17 4.5 3.84 3.84 2

tmin
(mm)

3.5d
(mm)

8d
(mm)

15t
(mm)

eo
(mm)

2d
(mm)

3d
(mm)

6t
(mm)

e1
(mm)

N1
(tons)

N2
(tons)

NR
(tons)

10 59.5 136 150 90 34 51 60 45 0.93 0.30 0.97
10 59.5 136 150 90 34 51 60 45 1.03 0.42 1.11

6 10 59.5 136 150 90 34 51 60 45 0.93 0.30 0.97
10 59.5 136 150 90 34 51 60 45 1.22 0.56 1.34
10 59.5 136 150 90 34 51 60 45 1.88 0.86 2.07
10 59.5 136 150 90 34 51 60 45 1.62 0.81 1.81
10 59.5 136 150 90 34 51 60 45 2.81 1.40 3.14
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6

6.6.2

, 3

6.6.2.1

6.6.2.2

4:
1 5

.
2L

S
(tons)

M
(tons.cm)

d1
(mm)

d
(mm)

N
(tons)

Nl
(tons)

N
(tons)

n

1 2L40x4 1.12 1.21 12.14 M12 13 2.53 2.3 2.3 2
3 2L40x4 0.11 0.12 12.14 M12 13 2.53 2.3 2.3 2
4 2L40x4 2.31 2.49 12.14 M12 13 2.53 2.3 3.84 2
7 2L40x4 0.64 0.70 12.14 M12 13 2.53 2.3 2.3 2
8 2L60x6 3.52 6.37 15.32 M16 17 4.5 3.84 3.84 2

11 2L40x4 1.16 1.25 12.14 M12 13 2.53 2.3 2.3 2
12 2L60x6 4.86 8.79 15.32 M16 17 4.5 3.84 3.84 2
15 2L40x4 1.12 1.21 12.14 M12 13 2.53 2.3 2.3 2

tmin
(mm)

3.5d
(mm)

8d
(mm)

15t
(mm)

eo
(mm)

2d
(mm)

3d
(mm)

6t
(mm)

e1
(mm)

N1
(tons)

N2
(tons)

NR
(tons)

1 8 45.5 104 120 70 26 39 48 35 0.56 0.17 0.58
3 8 45.5 104 120 70 26 39 48 35 0.06 0.02 0.06
4 8 45.5 104 120 70 26 39 48 35 1.15 0.36 1.21
7 8 45.5 104 120 70 26 39 48 35 0.32 0.10 0.34
8 10 59.5 136 150 90 34 51 60 45 1.76 0.71 1.90

11 8 45.5 104 120 70 26 39 48 35 0.58 0.18 0.61
12 10 59.5 136 150 90 34 51 60 45 2.43 0.98 2.62
15 8 45.5 104 120 70 26 39 48 35 0.88 0.27 0.92
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6

5:
1 5

.
2L

S
(tons)

M
(tons.cm)

d1
(mm)

d
(mm)

N
(tons)

Nl
(tons)

N
(tons)

n

2 2L50x4 1.03 1.69 12.14 12 13 2.53 2.3 2.3 2
2L55x6 1.19 1.72 15.32 16 17 4.5 3.84 3.84 2
2L50x4 1.03 1.69 12.14 12 13 2.53 2.3 2.3 2
2L55x6 1.45 2.08 15.32 16 17 4.5 3.84 3.84 2
2L60x6 2.12 3.85 15.32 16 17 4.5 3.84 3.84 2
2L70x6 1.95 4.04 15.32 16 17 4.5 3.84 3.84 2
2L80x8 3.24 7.25 18.00 16 17 4.5 3.84 3.84 2

tmin
(mm)

3.5d
(mm)

8d
(mm)

15t
(mm)

eo
(mm)

2d
(mm)

3d
(mm)

6t
(mm)

e1
(mm)

N1
(tons)

N2
(tons)

NR
(tons)

8 45.5 104 120 70 26 39 48 35 0.51 0.24 0.57
5 ( ) 10 59.5 136 150 90 34 51 60 45 0.60 0.19 0.63

8 45.5 104 120 70 26 39 48 35 0.51 0.24 0.57
10 59.5 136 150 90 34 51 60 45 0.72 0.23 0.76
10 59.5 136 150 90 34 51 60 45 1.06 0.43 1.15
10 59.5 136 150 90 34 51 60 45 0.98 0.45 1.08
10 59.5 136 150 90 34 51 60 45 1.62 0.81 1.81

6.6.3

6.16: , 3

2L
n d

(mm)

1 40x4 2 M12 13
3 40x4 2 M12 13
4 55x6 2 M16 17
7 40x4 2 M12 13
8 70x6 2 M16 17

11 40x4 2 M12 13
12 80x7 3 M16 17
15 50x4 2 M12 13
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6

2 55x6 2 M16 17
5 60x6 2 M16 17
6 55x6 2 M16 17
9 70x6 2 M16 17

10 70x6 2 M16 17
13 80x8 2 M16 17
14 80x8 2 M16 17

7:

2L
n d

(mm)

1 40x4 2 M12 13
3 40x4 2 M12 13
4 40x4 2 M12 13
7 40x4 2 M12 13
8 60x6 2 M16 17

11 40x4 2 M12 13
12 60x6 2 M16 17
15 40x4 2 M12 13

2 50x4 2 12 13
5 55x6 2 16 17
6 50x4 2 12 13
9 55x6 2 16 17

10 60x6 2 16 17
13 70x6 2 16 17
14 80x8 3 16 17
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7

7

7.1

7 7.2.

7.1:

7.2:

PAy

P y

P y

P y

P yP yP yP y

y

Ax

Ix
S1

S1

S12

S12

S8

S8

S4

S4

S11

S11

S7

S7 S3

S3

S15

S15
S14 S14 S10 S10 S6 S6 S2 S2

S13

S13

S9

S9

S5

S5

A

B

PAx

PBx

P x

P x

P x

P y

P y

P y

P y

P yP yP y
P y

PAx

PBx

PAy

P x

PEx

P x

PBy
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7

7.1.1 , 3

7 = 0 =>                                                           (7.1)= + + + + + + + +                = 574.4 [ ]                                                            (7.2)= 0 =>                                                          (7.3)= + + + + + + + + =>=  [ ]
= 0 =>                                                         (7.4)5 = 3 + + 6 + + 9 + + 12 + 1.25 + 2.5+ 3.75 + 5 =>=  . [ ](7.2) =  . [ ]

= .  [ ]=  [ ]= .  [ ]
7.1.2

1 5
1

7 2

= .  [ ]= .  [ ]= . [ ]
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7

7.2

7.2.1 , 3
, 3

7

7.3:

= = 22.6 => = 0.92                                   (7.5)= = 22.6 => = 0.38                                   (7.6)
= 0 => = 0 => 0.38 =  938.6[ ] => =  . [ ]= 0 => + + = 0 => = 0.92 = 0.92 2469.9 [ ] 71.8[ ]=> = .  [ ]

E

PEy
S1y

S1x

S1

S2

22.6
o

PEx
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7

Z
7 Z

7.4: Z

Z= 0 => = 0 => = =>= .  [ ]= 0 => = 0 => = => = .  [ ]
7

7.5:

7 7 ,= 22.6 => = 0.92                                   (7.7)= 22.6 => = 0.38                                   (7.8)= 67.4 => = 0.92                                   (7.9)

P yS4y

S4x

S4

S5x

S5 S5y S1y

S1x

S1

22.6
o

67.4
o

P x

P y

S2

S3

S6
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7= 67.4 => = 0.38                                (7.10)
= 0 => = 0 => + = =>0.92 + 0.92 = 0.92 => + = /0.92+ =  2313.8 [ ]                                                 (7.11)= 0 => = 0 => = + + => 0.38 0.38 = 0.38 + + =>=  7505.1[ ]                                                 (7.12)

7 7 = .  [ ] 
(7 7 =  . [ ] 

7

7.6:

7 7.10).

= 0 => + = 0 => = + =>= 2344.1 [ ] + 0.92 ( 2595.7 [ ])= . [ ]

P y

S10 S6

S5y

S5x

S5
S7

67.4
o
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7= 0 => + = 0 => = => = 191.2 [ ] 0.38 ( 2595.7 [ ])= .  [ ]
7

7.7:

= 22.6 => = 0.92                                   (7.13)= 22.6 => = 0.38                                   (7.14)
= 0 => = 0 => 0.92 = + =>= (9040.7 + 71.8)/0.92 [ ]= .  [ ]= 0 => = 0 => = => = 8042 [ ] 0.38 9904.9 [ ] 898.3 [ ]= .  [ ]

A

PAy

S12x

S15

x

y S12y S12

22.6o

PAx
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7

I
7 I

7.8: I

= 51.3 => = 0.63                                   (7.15)= 51.3 => = 0.78                                   (7.16)
= 0 => + = 0 => = => = (238.9 3379.9)/0.78 [ ]= .  [ ]= 0 => + + = 0 => = =>= 0.63 ( 4026.9 [ ])  9615.1 [ ]= .  [ ]

7

7.9:

P y

S9x

S11
S9y

39.8o

S14

S9

S1

I

PIy

S13x

S15

Ix

S13y

51.3o

S14

S13

181

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


7

= 39.8 => = 0.77                                   (7.17)= 39.8 => = 0.64                                   (7.18)
= 0 => + = 0 => = =>= ( 7078.2 [ ]  ( 4732.1 [ ]))/0.77= .  [ ]= 0 => + = 0 => = => = 233.6 [ ] 0.64 ( 3046.8 [ ])= .  [ ]

B
7 B

7.10:

7 7.14), 7 7= 22.6 => = 0.92                                   (7.19)= 22.6 => = 0.38                                   (7.20)
= 0 => = 0 => = + =>= + (0.63/0.92) =>= 9904.9 [ ] + (0.63/0.92) ( 4026.9 [ ]) =>= .  [ ]

B

P y

S8x

S12x

S8y

22.6o

S11

S8

S13x

S12 S12y

22.6
o

S13y
S13

P x
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7

7.2.2
1 5

2, 3 4 7

=  [ ]= .  [ ]
Z= .  [ ]= .  [ ]

= .  [ ] = .  [ ] 
= .  [ ]= .  [ ]
= .  [ ]= .  [ ]

I= .  [ ]= .  [ ]
= .  [ ]=  . [ ]

B= .  [ ]
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7

7.3

7.3.1 , 3

7 2, 3 4.

7.1: , 3
Z.

(m) (Kp)
1 3.25 S1 2469.9
2 3.00 S2 -2344.1
3 1.25 S3 114.1
4 3.25 S4 4909.5
5 3.25 S5 -2595.7
6 3.00 S6 -2344.1
7 2.50 S7 1177.6
8 3.25 S8 7303.4
9 3.90 S9 -3046.8

10 3.00 S10 -4732.1
11 3.75 S11 2183.6
12 3.25 S12 9904.9
13 4.80 S13 -4026.9
14 3.00 S14 -7078.1
15 5.00 S15 3379.9
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7

7.3.2 1 5

7.2

7.2:
Z.

(m) (Kp)
1 3.25 S1 1344.0
2 3.00 S2 -1272.4
3 1.25 S3 114.1
4 3.25 S4 2724.1
5 3.25 S5 -1458.2
6 3.00 S6 -1272.4
7 2.50 S7 745.3
8 3.25 S8 4110.9
9 3.90 S9 -1750.1

10 3.00 S10 -2613.9
11 3.75 S11 1353.7
12 3.25 S12 5639.1
13 4.80 S13 -2345.7
14 3.00 S14 -3961.5
15 5.00 S15 2068.5

7.4

St HZ” =  [ ] =  [ ]
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7

7.5

, 3

6
6.12.

7.5.1 , 3

7.5.1.1 2 , 3

=  .  [ ],

=
= 2469.9 [ ] 1.08 [ ]= .  [ ]

=  [ ], .
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7

= . [ ]
:= .  [ ]

=  +  
= 2469.9 [ ]5.12 [ ] + 2667.5 [ ] 3.12 [ ]= .  [ ]

= .  [ ] < =  [ ] ×

= = . = .  [ ]= = . [ ]
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7

  
= 8 [ ]

 = 2667.5 [ ]8 [ ] = . [ ]
 = 2469.9 [ ]5.12 [ ] = .  [ ]

 <  
.

3 ) =  .  [ ],

0×4.

=
= 114.1 [ ] 3.08 [ ]= .  [ ]
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7

=  [ ], .

= . [ ]
:= .  [ ]

,=  +   
= 114.1 [ ]5.12 [ ] + 123.2 [ ] 3.12 [ ]= .  [ ]

3

= .  [ ] < =  [ ] ×

= = . = .  [ ]= = . [ ]
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7

  
= 8 [ ]

 = 123.2 [ ]8 [ ] = . [ ]
 = 114.1 [ ]5.12 [ ] = .  [ ]

 <  
.

7.3:
2 , 3

S
(Kp) 2L

F
(cm2)

Wx
(cm3)

w1 
(cm)

e
(cm)

c
(cm)

M
(Nm)

Fn
(cm2)

Wd
(cm3) (Kp/cm2)

1 2469.9 40x4 3.08 1.56 2.2 1.12 1.08 2667.5 5.12 3.12 1337.4
3 114.1 40x4 3.08 1.56 2.2 1.12 1.08 123.2 5.12 3.12 61.8
4 4909.5 55x6 6.31 4.4 3 1.56 1.44 7069.7 11.06 8.8 1247.3
7 1177.6 40x4 3.08 1.56 2.2 1.12 1.08 1271.8 5.12 3.12 637.6
8 7303.4 70x6 8.13 7.27 4 1.93 2.07 15118.0 14.7 14.54 1536.6

11 2183.6 40x4 3.08 1.56 2.2 1.12 1.08 2358.3 5.12 3.12 1182.3
12 9904.9 80x7 10.8 11.1 4.5 2.21 2.29 22682.2 19.22 22.2 1537.1
15 3379.9 50x4 3.89 2.46 3 1.36 1.64 5543.0 6.74 4.92 1628.1
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7

7.5.1.2 2 , 3

=  .  [ ]
55×6.

== 2344.1 [ ] 1.44 [ ]= .  [ ]
= 10 [ ]

–

= = .  [ ]= = . . = .  [ ]> S

=  + 0.9   
:
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7

 = 5.59 2344.1 [ ]12.62 [ ] + 0.9 3375.5 [ ] 8.8 [ ]
 = /  [ ]

 = .  [ ] < =  [ ] ×

  
 = = 2 = 2 17.3 [ ]1.56 [ ] => = 22.2 [ ]

 = 3375.5 [ ]22.2 [ ] = . [ ]
 = 2344.1 [ ]12.62 [ ] = .  [ ]

 <  
.
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7

7.4:
2 , 3

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1
(cm)

e
(cm)

x=Iy
(cm4)

c
(cm) (Kpcm)

F
(cm2)

Wd
(cm3)

2 2344.1 55x6 6.31 4.4 3 1.56 17.3 1.44 3375.5 12.62 8.8
5 2595.7 60x6 6.91 5.29 3.5 1.69 22.8 1.81 4698.2 13.82 10.58
6 2344.1 55x6 6.31 4.4 3 1.56 17.3 1.44 3375.5 12.62 8.8
9 3046.8 70x6 8.13 7.27 4 1.93 36.9 2.07 6306.9 16.26 14.54

10 4732.1 70x6 8.13 7.27 4 1.93 36.9 2.07 9795.4 16.26 14.54
13 4026.9 80x8 12.3 12.6 4.5 2.26 72.3 2.24 9020.3 24.6 25.2
14 7078.2 80x8 12.3 12.6 4.5 2.26 72.3 2.24 15855.2 24.6 25.2

7.5.2

7.5.2.1

7.5:
1 5

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1 
(cm)

e
(cm)

c
(cm)

M
(Nm)

Fn
(cm2)

Wd
(cm3) (Kp/cm2)

1 1344 40x4 3.08 1.56 2.2 1.12 1.08 1451.5 5.12 3.12 727.7
3 114.1 40x4 3.08 1.56 2.2 1.12 1.08 123.2 5.12 3.12 61.8
4 2724.1 40x4 3.08 1.56 2.2 1.12 1.08 2942.0 5.12 3.12 1475.0
7 745.3 40x4 3.08 1.56 2.2 1.12 1.08 804.9 5.12 3.12 403.6
8 4110.9 60x6 6.91 5.29 3.5 1.69 1.81 7440.7 11.78 10.58 1052.2

11 1353.7 40x4 3.08 1.56 2.2 1.12 1.08 1462.0 5.12 3.12 733.0
12 5639.1 60x6 6.91 5.29 3.5 1.69 1.81 10206.8 5.12 3.12 1443.4
15 2068.5 40x4 3.08 1.56 2.2 1.12 1.08 2234.0 11.78 10.58 1120.0

x
(cm4)

Iy
(cm4)

min
(cm4)

imin
(cm)

L
(cm)

s
(cm) (Kp/cm2)

2 34.6 88.2 34.6 1.656 300 300 181.2 5.59 1372.4
5 45.6 111.9 45.6 1.816 325 325 178.9 5.41 1415.8
6 34.6 88.2 34.6 1.656 300 300 181.2 5.59 1372.4
9 73.8 169.8 73.8 2.13 390 390 183.1 5.72 1462.2
10 73.8 169.8 73.8 2.13 300 300 140.8 3.36 1584.2
13 144.6 332 144.6 2.424 480 480 198.0 6.62 1417.3
14 144.6 332 144.6 2.424 300 300 123.7 2.6 1314.4

193

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


7

7.5.2.2

7.6:
1 5

S
(Kp)

2L F
(cm2)

Wx
(cm3)

w1
(cm)

e
(cm)

x=Iy
(cm4)

c
(cm) (Kpcm)

F
(cm2)

Wd
(cm3)

2 1027.8 50x4 3.89 2.46 3 1.36 8.97 1.64 1685.6 7.8 4.92
5 1458.2 55x6 6.31 4.4 3 1.56 17.3 1.44 2099.8 12.62 8.8
6 1272.4 50x4 3.89 2.46 3 1.36 8.97 1.64 2086.7 7.8 4.92
9 1750.1 55x6 6.31 4.4 3 1.56 17.3 1.44 2520.1 12.62 8.8

10 2613.9 60x6 6.91 5.29 3.5 1.69 22.8 1.81 4731.2 13.82 10.58
13 2345.7 70x6 8.13 7.27 4 1.93 36.9 2.07 4855.6 16.26 14.54
14 3961.5 80x8 12.3 12.6 4.5 2.26 72.3 2.24 8873.8 24.6 25.2

x
(cm4)

Iy
(cm4)

min
(cm4)

imin
(cm)

L
(cm)

s
(cm) (Kp/cm2)

2 17.94 44.9 17.94 1.519 300 300 197.6 6.62 1182.9
5 34.6 88.2 34.6 1.656 325 325 196.3 6.55 971.6
6 17.94 44.9 17.94 1.519 300 300 197.6 6.62 1464.4
9 73.8 169.8 73.8 2.13 390 390 235.5 9.41 1562.7
10 45.6 111.9 45.6 1.816 300 300 165.2 4.65 1282.0
13 73.8 169.8 73.8 2.13 480 480 225.3 8063 1545.5
14 144.6 332 144.6 2.424 300 300 123.7 2.6 735.6
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7

7.5.3
, 3 4

1 5

7.7: , 3 4

(m) (Kp) 2L
1 3.25 2469.9 40x4
2 3.00 -2344.1 55x6
3 1.25 114.1 40x4
4 3.25 4909.5 50x6
5 3.25 -2595.7 60x6
6 3.00 -2344.1 55x6
7 2.50 1177.6 40x4
8 3.25 7303.4 70x6
9 3.90 -3046.8 70x6

10 3.00 -4732.1 70x6
11 3.75 2183.6 40x4
12 3.25 9904.9 80x7
13 4.80 -4026.9 80x8
14 3.00 -7078.1 80x8
15 5.00 3379.9 50x4

7.8: 1 5

(m) (Kp) 2L
1 3.25 1344.0 40x4
2 3.00 -1272.4 50x4
3 1.25 114.1 40x4
4 3.25 2724.1 40x4
5 3.25 -1458.2 55x6
6 3.00 -1272.4 50x4
7 2.50 745.3 40x4
8 3.25 4110.9 60x6
9 3.90 -1750.1 55x6

10 3.00 -2613.9 60x6
11 3.75 1353.7 40x4
12 3.25 5639.1 80x7
13 4.80 -2345.7 70x6
14 3.00 -3961.5 80x8
15 5.00 2068.5 40x4
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7

7.6

7.6.1 2 , 3

7.6.1.1 2 , 3

)  × =  2469.9 [ ] = 2.47 [ ]=  2667.5 [ ] = 2.67 [ ]
2, = 12 [ ]= + 1 = 13 [ ]

D
St37

“H ” = 2.85 [ ]
= {4 + 4, 10} = 8 [ ]

“H ” = 2.59 [ ]
= { , } = {2.85, 2.59} => = .  [ ]

.
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7

= = 2.47 [ ]2 => = 1.24 [ ]
= = = 2.67 [ ]7 [ ] => = 0.38 [ ]

= + => = .  [ ]
= 1.29 [ ] < 2.59 [ ] =

7.9:
2 , 3

2L
S

(tons)
M

(tons.cm)
n N

(tons)
Nl

(tons)
N

(tons)
N1

(tons)
N2

(tons)
NR

(tons)
40x4 2.47 2.67 2 M12 2.85 2.59 2.59 1.17 0.38 1.23
40x4 0.11 0.12 2 M12 2.85 2.59 2.59 1.30 0.52 1.40
55x6 4.91 7.07 2 M16 5.07 4.32 4.32 1.17 0.38 1.23
40x4 1.18 1.27 2 M12 2.85 2.59 2.59 1.52 0.70 1.68
70x6 7.30 15.12 2 M16 5.07 4.32 4.32 2.37 1.09 2.60
40x4 2.18 2.36 2 M12 2.85 2.59 2.59 2.01 1.00 2.25
80x7 9.90 22.68 3 M16 5.07 4.32 4.32 3.54 1.76 3.95

15 50x4 3.38 5.54 2 M12 2.85 2.59 2.59 1.17 0.38 1.23

197

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


7

7.6.1.2 2 , 3

7.10:
2 , 3

2L
S

(tons)
M

(tons.cm)
n N

(tons)
Nl

(tons)
N

(tons)
N1

(tons)
N2

(tons)
NR

(tons)
55x6 2.34 3.38 2 M16 5.07 4.32 4.32 1.17 0.38 1.23
60x6 2.60 4.70 2 M16 5.07 4.32 4.32 1.30 0.52 1.40
55x6 2.34 3.38 2 M16 5.07 4.32 4.32 1.17 0.38 1.23
70x6 3.05 6.31 2 M16 5.07 4.32 4.32 1.52 0.70 1.68
70x6 4.73 9.80 2 M16 5.07 4.32 4.32 2.37 1.09 2.60
80x8 4.03 9.02 2 M16 5.07 4.32 4.32 2.01 1.00 2.25
80x8 7.08 15.86 2 M16 5.07 4.32 4.32 3.54 1.76 3.95

7.6.2 5

7.6.2.1 5

7.11:
1

2L
S

(tons)
M

(tons.cm)
n N

(tons)
Nl

(tons)
N

(tons)
N1

(tons)
N2

(tons)
NR

(tons)
40x4 1.34 1.45 2 M12 2.85 2.59 2.59 0.67 0.21 0.70
40x4 0.11 0.12 2 M12 2.85 2.59 2.59 0.06 0.02 0.06
40x4 2.72 2.94 2 M12 2.85 2.59 2.59 1.36 0.42 1.43
40x4 0.75 0.80 2 M12 2.85 2.59 2.59 0.37 0.11 0.39
60x6 4.11 7.44 2 M16 5.07 4.32 4.32 2.06 0.83 2.22
40x4 1.35 1.46 2 M12 2.85 2.59 2.59 0.68 0.21 0.71
60x6 5.64 10.21 2 M16 5.07 4.32 4.32 2.82 1.13 3.04
40x4 2.07 2.23 2 M12 2.85 2.59 2.59 1.03 0.32 1.08
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7

7.6.2.2 5

7.12:
1

2L
S

(tons)
M

(tons.cm)
n N

(tons)
Nl

(tons)
N

(tons)
N1

(tons)
N2

(tons)
NR

(tons)
50x4 1.03 1.69 2 M12 2.85 2.59 2.59 0.51 0.24 0.57
55x6 1.46 1.72 2 M16 5.07 4.32 4.32 0.73 0.19 0.75
50x4 1.27 1.69 2 M12 2.85 2.59 2.59 0.64 0.24 0.68
55x6 1.75 2.08 2 M16 5.07 4.32 4.32 0.88 0.23 0.91
60x6 2.61 3.85 2 M16 5.07 4.32 4.32 1.31 0.43 1.38
70x6 2.35 4.04 2 M16 5.07 4.32 4.32 1.17 0.45 1.26
80x8 3.96 7.25 2 M16 5.07 4.32 4.32 1.98 0.81 2.14

7.7

- , 3
.
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-

:

8.1:

2L
n d

(mm)

1 40x4 2 M12 13
3 40x4 2 M12 13
4 40x4 2 M12 13
7 40x4 2 M12 13
8 60x6 2 M16 17

11 40x4 2 M12 13
12 60x6 2 M16 17
15 40x4 2 M12 13

2 50x4 2 12 13
5 55x6 2 16 17
6 50x4 2 12 13
9 55x6 2 16 17

10 60x6 2 16 17
13 70x6 2 16 17
14 80x8 3 16 17
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8.1:

2L
n d

(mm)

1 40x4 2 M12 13
3 40x4 2 M12 13
4 55x6 2 M16 17
7 40x4 2 M12 13
8 70x6 2 M16 17

11 40x4 2 M12 13
12 80x7 3 M16 17
15 50x4 2 M12 13

2 55x6 2 M16 17
5 60x6 2 M16 17
6 55x6 2 M16 17
9 70x6 2 M16 17

10 70x6 2 M16 17
13 80x8 2 M16 17
14 80x8 2 M16 17

, 3
4

2L55x6, 2L65x 2L55x6

2L65x6, 2L70x 2L65x6
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[1]

[2]

[3] Wikipedia, http://www.wikipedia.gr/

[4]

[5]

[6] http://www.biemek.gr/

[7] , http://www.egnatia-aettek.gr/

[8] (construction material equipment), http://www.kamtsis.gr/
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