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ABSTRACT

   The subject of this thesis is the formatting, analysis and sizing of a metal construction of large
dimensions using the commercial design programme SAP2000 V15.
   Specifically, this metal construction is an aircraft maintenance hangar based at Athens  International
Airport  ‘El. Venizelos’ in Spata, Attika. The building will be used for the maintenance and parking of
Dash-100 Bombardier aircrafts. It has been designed to accommodate up to 2 aircrafts at any one time.
The dimensions of the hangar were determined by the size of the aircrafts, taking into consideration
also, the necessary safety gaps required between them, and between the aircraft and the hangar. A
bridgecrane is installed for transporting various parts of the aircraft that need to be repaired or
replaced.
    The following chapters extensively describe the various components required in the design of the
hangar, the frame sections, the orientation of the beams as well as the static analysis of their functions.
The various load cases have been analysed based on the specifications outlined in Eurocode 1 and
seismic behaviour is based on the specifications in Eurocode 8.
   Beginning the simulation, there is extensive reference to the functions of the programme SAP 2000,
and an initial approach to geometrical design of the hangar is described. We introduce the definition of
the basic parameters that relate to the materials, frame sections, joints and restraints that are involved
in the composition of the structure. By forming a three-dimensional model, the load cases and load
combinations are defined, while strength and seismic behaviour checks are carried out.
Finally, with the use of the program and its functions, the hangar doors are designed and their size is
determined.  Their structure, resistance and functionality is tested and determined using various load
combinations – the arrows resulting from bending are calculated.
   The specificity in the study of such a construction is due to the requirement of large openings and
height due to the dimensions of the aircraft, and the absence of internal columns for safe movement
and parking them. These geometric characteristics give the building a special sensitivity to wind loads,
which are verified and checked through the programme.
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2.1
 SAP2000

 S355
=210.000.000 MPa

 Poisson =0,3
=12×10-6

=7850 kg/m3

2.2
   

.  
0,15kN/m2. 

0,2kN/m2.

: 5,00×2,80=14,00m2

:
14,00 m2×0,15kN/m2 = 2,1 N

: 14,00m2×0,20 kN/m2 = 2,80 kN
: 5,00 m

:

- : 2,1 kN /5,00m=0,42 kN/m
- : 2,80 kN/5,00m=0,56 kN/m
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2.3
   ,  80m

 1500 m,  1-3 1991
 1)  .  ,  ,  

 (
). , 

.

 s= i· Ce· Ct· sk

:
i 

sk 
Ce ,  1.

:
-  = 0,8.
-  ( ) = 1,2

Ct ,  1 
. , 

.

sAd  =  Cesl  sk   (
: Cesl = 2,0).

 s .

,  sk  50 
 C  1991   1-3. , ,

,  sk,0 
.

 (sk,0 = 0,4 kN/m²): , , , 
.

 (sk,0 = 0,8 kN/m²): 
 (sk,0 = 1,7 kN/m²): , , , , , 

** sk,0 = 0,8 /m2
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    1500m 
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- A  ,  m

 - , , 
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 ( , , .), 
,  ,  

2.3.1

   , 
:

, 
, 

, 
 ( . 

). , . 
1   2.1  

, .

 2.1 

0° <  < 30° 30° < < 60°  > 60°

1 0,8 0,8·(60- )/30 0,0

2 0,8+0,8· /30 1,6 -



2 |

- |23

. 2.1   

2.3.2

   
 “ ” . 

1 2=1,43 .
   

 sk,0  0,8 kN/m2

 80m.
   :

sk= sk,0 1+
917

2 = 0,8 · 1+
917
800 2 = 0,806

 3.3 1 2=1,43 1=0,8 :
Ce ( )  1
Ct ( )  1

,  :

s= i Ce Ct sk = 0,8 1 1 0,806= 0,645 kN/m2
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2.5.1  WE

   1991-1-4, 
,  (

) 
.

, ,

we = qp (ze ) •cpe

:

qp (ze) 

ze  

cpe  

2.5.2  WI

, 
:

wi = qp (zi ) · cpi

:
qp (zi) 
zi  
cpi  
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2.5.3  QP(Z)

 z, 
, :

qp(z)=[1+7Iv(z)]=
2
1 •vm

2(z)=ce(z) •qb

:

: , , 
 ( =1,25 Kg/m3)

(z):  z

ce(z): 

ce(z)=
qb

qp(z)

qb: 

qb=
2
1 · ·vb

2

vb: , 
,  10m  II, 

vb=cdir·cseason·vb,0

cdi :  (  1)

cseason :    (  1)

vb,0 : , 
 10 , ,  10m

, , 
 20 

 II).

,  vb,0
 33 m/s  10 km  27 m/s

.

 vm(z),  z 
, :

vm (z)=cr (z) ·co(z) ·vb
:

cr(z)  .

co(z)   (  1,0)
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 Iv(z)  z :

Iv(z)=
)/ln()( ZoZzCo

ki     k  zmin zmax

Iv(z)= Iv (zmin)  z zmin

ki  (  1,0)

 co(z) =1,  ce(z) 
.

          . 2.2    ce(z)  co=1,0   ki=1,0



2 |

- |29

2.5.4
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 Fw
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, .

, :

Fw=cscd•cf•qp(ze)•Aref

, 
:

Fw=cscd• elements cf•qp(ze)•Aref

:
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2.5.5  CR(Z)

’ 

  :

cr(z)=kr·ln
Zo
Z                           zmin zmax=200m

                                    cr(z)=cr(zmin)=kr·ln
Zo

Z min                            z zmin

kr=0,19· II,Zo
Zo

^0,07 )

:

z0        m  ( .  3.4)
z0,II ,  3.4)
zmin     3.4
zmax     200m

, .

 z0  zmin
.

 (  10% ) , 
, , 

, 
.
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 2.2 

  z0 (m) zmin
(m)

0 0,003 1

I 0,01 1

II  ( , ) 
 20 

0,05 2

III  20 
 ( , , )

0,3 5

IV  15 % 
 15 m 1,0 10

 2,4
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. 2.5   

.  (  10% 
) , .( . 2.5)

2.5.6  CT(Z)

    ( ) 

/Lu , . 2.5

vm:  z 
vmf:
c0 = vm/ vmf

. 2.5   
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,  :

c0(z) = vm/ vmf

:

ct = 1                     < 0,05

ct = 1+2·s·          0,05  0,3

ct = 1+0,6·          > 0,3

s , . 2.6  2.7 
 x/Le, x/Lu, x/Ld  z/Le.   

prEN1991-1-4
 = H/Lu, 

Le ,  2.3
Lu 

X 
Z 

 2.3    Le

 ( /Lu)

 (0,05 <  < 0,3) :

Le = Lu

 (  > 0,3)

Le = H/0.3
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. 2.7    s 
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2.5.7  CSCD

   , 
,  cscd.  

,  cs, 

,  cd
.

    (
)  ,  

 1,10, 
 1,  1-4.

:

1)  15m  cscd  1.
2)  5 z, 

 cscd  1.
3) ,  100 m, 

 4 ,  cscd
 1.

4) ,  60 m 
 6,5 ,  cscd  1.

5)  ,   1),  2),  3),   4)   cscd
.

6)  ( , 
 3)   4),   cscd

.

cscd , 
 (  (F.2)  prEN 1991-1-4)

:   1,10  
 cscd = 0,85)

 II  18m  45m,
 cscd=0,87.
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2.5.8  CPE

 cpe
,  1 m2

 10 m2

, , 
.

. 2.8  cpe
. :

   1 m²                           cpe = cpe,1
  1 m² <A< 10 m²               cpe = cpe,1+ (cpe,10- cpe,1)log10 A
   10 m²                         cpe = cpe,10

. 2.8   , 

 (  .  ),  
.

, 
.2.9,

.

. 2.9   

, 
. , 

, .
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2.5.9

 2.10   ze
,  h  b .

:

 h < b     ze  = h

 b  <  h  <  2b    ze = b 
 ze = h 

 h > 2b  ,  
 ze =  b   ze = h 

 b.

. 2.10     ze  h   b 

:
.



2 |

- |39

,  
.

 2.4  cpe,10  cpe,1, 
,  2.11

.

. 2.11   

 2.4   

A B C D E

h/d cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1

5 -1,2 -1,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,7

1 -1,2 -1,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,5

 0,25 -1,2 -1,4 -0,8 -1,1 -0,5 +0,7 +1,0 -0,3

 h/d 

 cpe  (  D   E)  
, 

.  h/d > 5 
 1.  h/d < 1,  0,85. 
 h/d, .



2 |

|40 -

2.5.10

 ±  5o . 
 (1,43  5

). 
 2.5. , 

. .2.12 
.

.2.12   

 2.5   

F G H I
cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1

-1,8 -2,5 -1,2 -2,0 -0,7 -1,2 ±0,2
hp/h=0,025 -1,6 -2,2 -1,1 -1,8 -0,7 -1,2 ±0,2
hp/h =0,05 -1,4 -2,0 -0,9 -1,6 -0,7 -1,2 ±0,2
hp/h =0,10 -1,2 -1,8 -0,8 -1,4 -0,7 -1,2 ±0,2
r/h=0,05 -1,0 -1,5 -1,2 -1,8 -0,4 ±0,2
r/h=0,10 -0,7 -1,2 -0,8 -1,4 -0,3 ±0,2
r/h=0,20 -0,5 -0,8 -0,5 -0,8 -0,3 ±0,2

=30 -1,0 -1,5 -1,0 -1,5 -0,3 ±0,2
=45 -1,2 -1,8 -1,3 -1,9 -0,4 ±0,2
=60 -1,3 -1,9 -1,3 -1,9 -0,5 ±0,2
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2.5.11

   
, . 

 cpi
. , , 

, , 
, 

.  

.
   , 

. , 
:

cpi=0,90·cpe

 cpe .
 ( ) 

cpi=0,75·cpe

cpi=0,90·cpe

 cpi

:

=
0cpe

.
,

 cpi  +0,2  -0,3.

. 2.13   

 zi   ze
, 

. ,  zi  
 ze.
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2.5.12

 (
 ( , )  20 ).

,  2.2,  zo=0,05 m  zmin=2 m.

 0  90 : 
.

, A 10m2 ,  cpe = cpe,10

2.5.12.1  QP(Z)

 II  18m  45m,
 cscd=0,87.

:

  vb=cdir·cseason·vb,0=1·1·33m/s=33m/s

                    vm(z)=cr(z) · c0(z) · vb

 II,   z0=0,05m  zmin=2m
 18,0m.

 2m= zmin z=19,5m zmax=200m, :

cr(z)=kr·ln Zo
Z             kr=0,19· II,Zo

Zo
^ 0,07

 kr=0,19·
05,0
05,0 ^ 0,07  = 0,19

,           cr(z)=0,19·ln
05,0

18 = 1,12

 c0(z=18,0)=1

,   vm(z=18,0m)=1,12·1·33=36,96m/s

 z=18 m 

(z)=
)/ln(·)( zozzco

  zmin zmax

(z)=
)05,0/18ln(·1

1 = 0,170

:
qp(ze)= (1+7·0,170) ·0,5·0,00125·36,962= 1,87 kN/m2
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2.5.12.2

. 0
h = 18,00m
b = 45,00m
d = 67,20m

h =18,00m < b = 45,00m (  b ) 
 ze = h =18,00m.

d
h  =

20,67
00,18 = 0,26 > 0,25       (  h/d < 0,25 )

E = min (b,2h) = min (45,00 , 36,00) = 36,00 < d

:

A B C D E

h/d cpe,10 cpe,10 cpe,10 cpe,10 cpe,10

 0,25 -1,2 -0,8 -0,5 0,7 -0,3

:

F G H I

cpe,10 cpe,10 cpe,10 cpe,10

-1,8 -1,2 -0,7 ± 0,2

:
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:

    G
-1,2

    F
-1,8

    F
-1,8

Wind
=0o

5,6m

67,2m

28,0m 33,6m

    D
+0,7

B
-0,8

    A
-1,2

    C
-0,5

    E
-0,3

67,2m

45,0m

2,8
m

14,4m 50,0m

45,0m

10,0m

25,0m

10,0m

    H
-0,7

    I
-0,2
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. 90

h =18,000m
d = 45,000m
b = 67,200m
e = min(2· , ) = min(36 , 99,8) = 36

d
h =

00,45
00,18 = 0,40   3.5

:

A B C D E

h/d cpe,10 cpe,10 cpe,10 cpe,10 cpe,10

0,4 -1,2 -0,8 -0,5 0,7 -0,34

F G H I

cpe,10 cpe,10 cpe,10 cpe,10

-1,8 -1,2 -0,7 ± 0,2

:

10,0m

5,0m

30,0m

Wind
=90o

    A
-1,2

    A
-1,2

    B
-0,8

    C
-0,5

    E
-0,34

    C
-0,5

    B
-0,8
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:

. -90

h = 18,000m
d = 45,000m
b = 67,200m
e = min (2· , ) = min(36 , 99,8) = 36

d
h =

00,45
00,18 = 0,40   3.5

:

A B C D E

h/d cpe,10 cpe,10 cpe,10 cpe,10 cpe,10

0,4 -1,2 -0,8 -0,5 0,7 -0,34

F G H I
cpe,10 cpe,10 cpe,10 cpe,10

-1,8 -1,2 -0,7 ± 0,2

8,4m

F -1,8

I
+-0,2

H
-0,7

F -1,8G -1,2

8,4
m 50,4m

Wind
=90o

5,0m

15,0m

30,0m
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:

:

, , 

,  ( ). , 
:

cpi = 0,90cpe

10,0m

5,0m

30,0m

    C
-0,5

    C
-0,5

    B
-0,8

    A
-1,2

    D
+0,7

    A
-1,2

    B
-0,8

Wind
=-90o

F -1,8

I
+-0,2

H
-0,7

F -1,8G -1,2

8,4m8,4
m

50,4m

5,0m

15,0m

30,0m

Wind
=-90o
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2.5.12.3

. 0

h = 18,00m
b = 45,00m
d = 67,20m

h =18,00m < b = 45,00m (  b ) 
 ze=h=18,00m.

d
h  =

20,67
00,18 = 0,26 > 0,25       (  h/d < 0,25 )

e = min (b,2h) = min (45,00 , 36,00) = 36,00 < d

:

A B C D E

h/d cpe,10 cpe,10 cpe,10 cpe,10 cpe,10

 0,25 -1,2 -0,8 -0,5 0,7 -0,3

:

F G H I

cpe,10 cpe,10 cpe,10 cpe,10

-1,8 -1,2 -0,7 ± 0,2
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:

:

Wind
=0o

5,6m

67,2m

28,0m 33,6m

    D
+0,7

B
-0,8

    A
-1,2

    C
-0,5

    E
-0,3

45,0m

B
-0,8

    A
-1,2

    C
-0,5

    G
-1,2

    F
-1,8

    F
-1,8

67,2m

2,8
m

14,4m 50,0m

45,0m

10,0m

25,0m

10,0m

    H
-0,7

    I
-0,2
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. 90

h = 18,000m
d = 45,000m
b = 67,200m
e = min (2· , ) = min (36 , 99,8) = 36

d
h =

00,45
00,18 = 0,40   3.5

:

A B C D E

h/d cpe,10 cpe,10 cpe,10 cpe,10 cpe,10

0,4 -1,2 -0,8 -0,5 0,7 -0,34

F G H I

cpe,10 cpe,10 cpe,10 cpe,10

-1,8 -1,2 -0,7 ± 0,2
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:

:

10,0m

5,0m

30,0m

Wind
=90o

    A
-1,2

    A
-1,2

    B
-0,8

    C
-0,5

    E
-0,34

    C
-0,5

    B
-0,8

    D
+0,7

8,4m

F -1,8

I
+-0,2

H
-0,7

F -1,8G -1,2

8,4
m

50,4m

Wind
=90o

5,0m

15,0m

30,0m
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. -90

 = -90  = 90 .

 0  ±90 , 
: Cpi=0.

2.5.12.4

:

 wi = qp (zi )·cpi= 1,87·0,90 cpe

  we = qp (ze )·cpe= 1,87·cpe

,

 (  kN/m2) .

A B C D E F G H I

0O -2,24 -1,50 -0,94 1,31 -0,56 -3,37 -2,24 -1,31 ±0,37

±90O -2,24 -1,50 -0,94 1,31 -0,64 -3,37 -2,24 -1,31 ±0,37

A B C D E F G H I

0O -4,26 -2,84 -1,76 2,49 -1,07 -6,40 -4,26 -2,49 ±0,71

90O -4,26 -2,84 -1,76 - -1,21 -6,40 -4,26 -2,49 ±0,71

-90O   180 O -4,26 -2,84 -1,76 2,49 - -6,40 -4,26 -2,49 ±0,71

 2.6   
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- , 

. :

) 
, PNCR,  50 , TNCR, 

) 
PNCR = 10%  TNCR = 475 .

   , 
,  

  ,    
. 

" PDLR  10 
, TDLR.  PNCR = 10% 

 TNCR = 95 .
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2.6.1

 2.7  8 .

 2.7   
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0,80
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.

1,00

3

, , 

 24

 ( . , 
.

1,20

4

, , 
, , 

, , , 
, .

 ( . 
.)

1,40

   4.6 
 8 :  =1,20.

2.6.2

   
 8  5  (  ,  ,  C, D,  )  

 ( S1, S2 ).  2.11.

, vs,30

v s,30 =
 hi  vi,  ( ) 

 10-5 ) 
, ,  30m . 

SPT/30cm.
.



2 |

- |57

2.6.3

    8, , 
.  

, . 
gR .

   
 8.

gR  2.8.  
 1 ( 1) gR = 0,16g

 2.8 gR

1 2 3

gR /g 0,16 0,24 0,36

. 2.14



2 |

|58 -

 (g)

3
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. 1 0.16
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. 1 0.16
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. 2 0.24

. 2 0.24

. 2 0.24

. 2 0.24

. 2 0.24

. 2 0.24

. 2 0.24

. 2 0.24
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. 2 0.24

.2.15



2 |

- |59

 2.9 , 

I II III IV

0,80 1,00 1,20 1,40

   , , 
, , , 

, 
. ,  « »

, 1 gR =
0,16g .

 III, ,
 2.9 ,  =1,20.

2.6.4

  
 ( ) , 

, 
.

   8, , 
, 

.
  

. , 
, 

 2.10.

 2.10   

S TB(s) Tc(s) TD(s)

A 1,0 0,15 0,4 2,5

B 1,2 0,15 0,5 2,5

C 1,15 0,20 0,6 2,5

D 1,35 0,20 0,8 2,5

E 1,4 0,15 0,5 2,5

  TB, TC TD S, 
,  

 2.10.



2 |

|60 -
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. q, 

 5%, 

 8 .  q , , 

,  q  (x  y) 
.

,  Sd )
:

0       :   Sd ) = g*S* [
3
2

3
25.2*

q
T ]

    c :    Sd ) = g*S*
q
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c     D :    Sd )
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T
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q
Sag *5.2**
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D     :            Sd )
g

T
TcTd

q
Sg

2^
*5,2*

:

Sd(T) 

T 

ag    (ag= I. gR)

TB  

c

D   

S

   , = 1  5% . 
:

 = 55,0
)5(

10

, . 
 5 %, 

 8 . 
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q   
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2.6.5
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.
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iii.  (pushover)

iv.  ( ).
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2.6.5.1

   
. 

:

)  
 90% 

) 
 5% .

    mk, ,  k, 
 Fbk, , 

 Fbk = Sd(Tk mk .  (
) .

 (  .  
)  k 

:
k  3 n

Tk  0,20s

k   

n   

Tk    k.

   ,  8,
 i   j  (

)  ^  
 (  < ^) : | <0,9· 

, .

, , 
,  ,  
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.
, , 
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.
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 ( ),
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),  ( SRSS ).
,  
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.
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- ,
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 2.12 
.

 2.12   

g 1,35 1,0 1,0 1,0
Q 1,5 0 1,0 0

1,0 0 - -

. 
. 

, , , 
.

 2.13   i

1 2
,  ( .

 1991-1-1)
: , 0,7 0,5 0,3
: 0,7 0,5 0,3

C: 0,7 0,7 0,6
D: 0,7 0,7 0,6

: 1,0 0,9 0,8
 F: 

 <30kN
0,7 0,7 0,6

 G: 
 30 kN< <160kN

0,7 0,5 0,3

: 0 0 0
 ( .  1991-1-

3)
, , , 0,7 0,5 0,2

 CEN 
 H>1000m

0,7 0,5 0,2

 CEN 

 H<1000m
0,5 0,2 0

 (  1991-1-4) 0,6 0,2 0
 ( )  ( .

 1991-1-5)
0,6 0,5 0
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 2.12  2.13 
:

-  ( G=1,35 
      G =1,00):

: 0,15kN/m2

: 0,20 kN/m2

- :
: 0,6448 kN/m2

            Q=1,5 Q =0,00 
           < 1000m =0,5 1=0,2.

: <2=1,5 
            <2=0,00 =0,6
           =0,2.

 ULS :

1. 1,35 Gk +1,5x0,6 S + 1,5x0,6 T + 1,5x0,6 W

2. 1,35 Gk + 1,5 S + 1,5x0,6 T + 1,5x0,6 W

3. 1,35 Gk + 1,5x0,6 S + 1,5x0,6  + 1,5 W

4. 1,35 Gk + 1,5x0,6 S + 1,5  + 1,5x0,6 W

5. 1,35 Gk + 1,5 W

6. 1,35 Gk + 1,5 S

7. 1,35 Gk + 1,5 

8. Gk + 0,3 S ± 0,3 Ex ± Ey

9. Gk + 0,3 S ± Ex ± 0,3 Ey

:

Gk
, 

S 

W . 
 (0°, 90°  -90°) 

 ( T): ±20°C = 1,50 ( ) = 0.00
) 0= 0,6, 1= 0,5 2=0,0

 X  
 CQC

Ey
 CQC.
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4 | SAP 2000

4.1 SAP2000
      SAP2000  V15,        30

                    
          .    

      , 
. 

                :

•   SAP2000     
(templates).            ,        ,

    ,               
.

•   ,             ,       
,     (   ),       

    ,               
        .          

                
        .     

 Ritz,   SRSS,  CQC  
GMC.  ,            ,

.
•                  , 

        . , 
        

      AISC-ASD,  LRFD    EC3,      
          EC2, 

.
•            ,      Pushover    

          .     ( ) 
, 

. 
, 

.           ,  
     (Time History Analysis). 
    Pushover               

      .     Pushover  
        –                  

.                 
,                 

.
   ,  SAP2000  

:
      Autocad      ,  . 

.
          .         
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5.1

5.1.1

B340
 29 : 1,35Gk +0,9S +0,9 + +1,5W (

=0  )
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5.1.2

B340
 4 : 1,35Gk +0,9S +0,9 + +1,5W ( =0  )
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5.1.3

 300  
29 : 1,35Gk +0,9S +0,9 + +1,5W ( =0  )
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5.1.4

B160   36 :
1,35Gk+1,5W ( =90  )
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5.1.5

  
TUBO 90x90x12,5  29 : 1,35Gk +0,9S +0,9 + +1,5W (

=0  )
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5.1.6

TUBO
90x90x12,5  15  :  1,35Gk  +1,5W  (

=0  )
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5.1.7

, 200
35 : 1,35Gk +1,5W ( =0  )
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5.1.8

 ( ) 
, TUBO 120x120x8  29 : 1,35Gk +1,5W +0,9S

+0,9 + ( =0  )
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5.1.9

200  4 :
1,35Gk +0,9S +0,9 + +1,5W ( =0  )
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5.1.10

, 500, 
14 : 1,35Gk +1,5W ( =0  )
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5.1.11

, 200,  4 : 1,35Gk
+0,9S +0,9 + +1,5W ( =0  )
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5.1.12

 ( ) 
 , TUBO 120x120x8  36 :  1,35Gk+1,5W (

=90  )
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5.1.13

, 340  10 :
1,35Gk+1,5 + +0,9W +0,9S ( , =0  )
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5.1.14

, TUBO
120x120x20  12 : 1,35Gk+1,5 + +0,9W +0,9S (

, = -90  )
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5.1.15   

, TUBO
140x140x20  4 : 1,35Gk +0,9S +0,9 + +1,5W (

=0  )
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5.1.16

   220  
 1 : 1,35Gk +1,5S +0,9 + +0,9W ( , 

=0  )

5.1.17
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, TUBO 90X90X5
 6 : 1,35Gk +0,9S +0,9 + +1,5W (

=-90  )
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5.1.18

,   340
 33 : 1,35Gk +1,5 - +0,9S +0,9W  (  ,

=0  )
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5.2

StepNum Period UX UY UZ SumUX SumUY
Unitless Sec Unitless Unitless Unitless Unitless Unitless

1 0,698179 1,463E-19 0,71052 0,000004741
1,463E-

19 0,71052
2 0,371267 5,018E-16 0,00805 0,01768 5,02E-16 0,71856
3 0,368635 6,878E-15 0,00019 0,51598 7,38E-15 0,71875
4 0,298258 0,37729 2,885E-16 3,985E-17 0,37729 0,71875
5 0,290572 0,4835 4,028E-15 2,188E-17 0,86079 0,71875
6 0,274854 0,00492 1,271E-14 1,929E-16 0,86571 0,71875
7 0,26603 0,01359 1,589E-15 8,086E-16 0,8793 0,71875
8 0,247727 1,614E-14 0,000001729 0,00019 0,8793 0,71875
9 0,19894 0,000001174 4,512E-15 2,508E-16 0,8793 0,71875

10 0,180818 4,118E-15 0,14267 0,000000695 0,8793 0,86143
11 0,179743 0,00107 7,044E-15 5,468E-14 0,88037 0,86143
12 0,159207 0,000006233 3,684E-14 3,578E-14 0,88038 0,86143
13 0,155991 1,144E-12 2,191E-10 2,621E-10 0,88038 0,86143
14 0,155991 8,529E-13 5,259E-09 1,735E-09 0,88038 0,86143
15 0,155728 0,00002055 9,234E-16 5,044E-14 0,8804 0,86143
16 0,155659 0,00009877 1,508E-15 1,898E-14 0,8805 0,86143
17 0,15157 1,143E-08 1,039E-14 1,696E-14 0,8805 0,86143
18 0,151011 3,429E-07 2,232E-14 2,743E-13 0,8805 0,86143
19 0,150677 1,447E-07 4,1E-14 4,441E-14 0,8805 0,86143
20 0,150614 1,144E-07 2,212E-15 5,217E-15 0,8805 0,86143
21 0,150549 3,914E-08 1,569E-16 3,196E-16 0,8805 0,86143
22 0,149425 0,000002394 2,409E-15 4,627E-14 0,8805 0,86143
23 0,148605 0,00001602 1,986E-13 6,866E-14 0,88051 0,86143
24 0,148297 6,164E-13 0,00025 1,429E-07 0,88051 0,86168
25 0,147873 4,764E-13 2,304E-08 1,075E-08 0,88051 0,86168
26 0,147872 3,295E-14 4,455E-08 3,504E-09 0,88051 0,86168
27 0,147706 0,0000534 3,127E-15 6,96E-14 0,88057 0,86168
28 0,147329 0,00001028 1,165E-14 2,44E-13 0,88058 0,86168
29 0,146346 5,364E-13 0,01009 0,000000461 0,88058 0,87176
30 0,146191 0,00003743 1,17E-13 1,119E-15 0,88062 0,87176
31 0,145553 0,00003144 4,18E-11 4,251E-14 0,88065 0,87176
32 0,14543 8,203E-12 0,000046 3,428E-10 0,88065 0,87181
33 0,142494 6,653E-14 8,194E-07 6,711E-08 0,88065 0,87181
34 0,141128 4,459E-14 0,00023 2,019E-10 0,88065 0,87204
35 0,140566 1,147E-13 3,918E-11 5,762E-09 0,88065 0,87204
36 0,140368 8,923E-15 1,847E-07 6,525E-08 0,88065 0,87204
37 0,140345 4,062E-13 0,000009594 7,75E-10 0,88065 0,87205
38 0,140331 7,591E-14 4,353E-07 7,542E-08 0,88065 0,87205
39 0,140241 1,255E-13 1,808E-11 5,042E-10 0,88065 0,87205
40 0,140094 0,000005001 1,789E-12 6,22E-14 0,88065 0,87205
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41 0,140005 0,00002267 5,782E-14 5,342E-15 0,88067 0,87205
42 0,139275 0,00007629 6,9E-11 1,275E-13 0,88075 0,87205
43 0,138388 5,781E-13 0,00878 1,612E-07 0,88075 0,88083
44 0,132149 0,02472 3,96E-13 2,883E-14 0,90547 0,88083
45 0,13088 0,00001827 1,701E-11 1,79E-15 0,90549 0,88083
46 0,130073 0,00898 4,47E-11 8,198E-14 0,91446 0,88083
47 0,129834 1,026E-09 0,00018 5,154E-08 0,91446 0,88101
48 0,127595 0,00002337 2,766E-10 4,551E-14 0,91449 0,88101
49 0,126521 5,031E-15 0,00089 3,762E-08 0,91449 0,88191
50 0,12508 0,00064 1,18E-11 1,629E-14 0,91512 0,88191
51 0,124289 6,367E-12 0,00002965 5,505E-09 0,91512 0,88194
52 0,124141 0,00009142 1,634E-11 7,924E-15 0,91521 0,88194
53 0,122708 2,295E-07 1,103E-13 1,961E-14 0,91521 0,88194
54 0,122165 0,000000525 3,461E-14 2,601E-15 0,91522 0,88194
55 0,121939 1,081E-08 3,845E-14 1,73E-16 0,91522 0,88194
56 0,121829 1,969E-08 3,488E-14 2,277E-15 0,91522 0,88194
57 0,121386 0,00001036 5,463E-11 1,188E-15 0,91523 0,88194
58 0,119375 6,026E-14 0,00012 6,401E-10 0,91523 0,88206
59 0,110818 0,000005662 3,148E-12 9,326E-15 0,91523 0,88206
60 0,106117 2,342E-14 0,03275 5,439E-07 0,91523 0,9148

 5.1 

   ,  2.6.1.2,
 44  ( 44=0,132149 )  60  y ( 60= 0,106117 )
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6 |
6.1
                      ,    

      8,4m    14,00m         50,4m.
   .

  . 
 1,4m  2,8m.

,  
 1,31 KN/m2 .

. 6.1

. 6.2   
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. 6.5   

6.2
6.2.1

 IPE 300

. 6.6   
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6.2.2 

 IPE 120

. 6.7   

6.2.3 

 L55x8

. 6.8 
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. 

, 
.

                     
,   

.    .  
          « »      

 0,0587m.

:

max  =  1  + 2  - 0

1 : 
2 : 
0 : 

1  = 0,0587m (  = -0,0436, panel/HM = -0,0151 )
2  = -0,0390 (

           0 )
0  = 0,0587m

min  = -0,0390m

1  = = 0,0587m
2  = 0,0802m ( 2  90 )
0  = = 0,0585m
max  = 0,0802m

min + max = 0,0802 + 0,0587 = 0,1389

,  140mm 
.

.6.12   

 140

 140
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