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This work deals with the construction of a steel hangar with a sheet metal shell for storage sports flying 
equipment (SPE) or general aviation aircraft. The design of the building was made to ensure an indivi-
dual approach to each aircraft. The construction was designed with price and safety in mind. An available 
option is an electronic security system connected to the central security desk via the Internet, mobile 
phone or other data transmission.
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Introduction

After 1989, air sports began to develop very rapi-
dly. With the foundation of the LAA - Light Aircraft 
Association, flying, especially on ultralight aircraft 
(sport flying equipment, as stated in the regulation) has 
become a phenomenon available to almost everyone.

The availability of flying to the general public brou-
ght with its secondary problems with fields that serve 
for take-off and landing of SFE and with the storage 
of aircraft. With the development of aircraft con-
struction technologies, modern laminate, Kevlar and 
carbon buildings began to replace the original wooden 
structures. With the change in technology, the price of 
SFE also increased. The cost of the wooden structure 
of an aircraft ranges in tens of thousands of CZK, 
while a laminate or carbon structure ranges in hun-
dreds of thousands of CZK.

In the 1990s, wooden planes were stored under va-
rious amateur shelters, but today the demand for qua-
lity and safe storage spaces has increased significantly.

The Faculty of Production Technologies and Ma-
nagement also responded to this increased demand by 
assigning the work "design of a sheet metal hangar 
with a steel skeleton".

Current status

Aircraft clubs, airlines and private owners of SFE 
and sports aircraft are increasingly raising questions 
about quality and cheap, yet safe storage of increasin-
gly expensive aircraft. The old buildings of the former 
and current aircraft clubs do not meet these require-
ments due to the old uneconomically and impractically 
designed hangars.

Whether it is a wooden or steel structure, their ser-
vice life is limited. The method of mass storage of air-
craft in one hangar also proves to be a very unfor-
tunate solution. This arrangement involves storing the 

aircraft by handling it in the hangar and dragging them 
into each other. These manoeuvres often result in da-
mage and subsequent decommissioning of the aircraft. 
In more serious cases, repair and inspection costs can 
reach hundred of thousands CZK.

Another disadvantage is that the required aircraft 
might have been towed to the further corner of the 
hangar. Thus, the entire operation of the aircraft is 
preceded by the handling of all other aircraft out of 
the hangar and, after taking out the required one, the 
handling them back to the hangar.

Wind load on the structure

This load is determined by the standard according 
to EN 1991-1-4 [20].

The basic dynamic wind pressure qb on the 
structure is determined from the relation:
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Where:
q - represents bulk density of air (1.25 kg/m3), vb -

basic wind speed. [20]

Fig. 1 Map of wind areas in the Czech Republic [20]

For a simplified assessment of the effect of wind 
load, it can be assumed that the basic wind speed vb = 
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vb,0 and that in the Czech Republic the initial wind 
speed is b,0 = 27.5 m/s (in most areas it is smaller or 
the same, in mountain areas is larger). The maximum 
value of the dynamic wind pressure on the structure is 
then determined from the relation:

�#=c$(%) ⋅ �� (2)
Where:
ce(z) - represents exposure factor depending on 

the height above the ground and the terrain category 
Fig. 2.

The course of the coefficient ce (z) is shown in Fig. 
2 for the respective terrain categories.

Snow load on the structure

The snow load on the structure is determined by 
the standard according to EN 1991-1-3 [11] and is the 
main component of the load for which the roof 
structures are designed. 

The characteristic value of snow on the ground is 
determined depending on the construction site accor-
ding to the map of snow areas. A new map was pu-
blished in October 2006 and its use is modified in 
ČSN EN 1991-1-3 / Amendment Z1 and for the ori-
ginal use of the Czech standard ČSN 73 00 35 / 
Amendment Z3. [11]

The updated map is based on the values of water 
weight of snow measured in the period between 1961 
and 2006. The characteristic snow load values used in 
the map are values that can be reached or exceeded 
once every 50 years. The territory of the Czech Re-
public is in the map divided into 7 areas with a charac-
teristic value of snow load 0.7 - 4.0 kPa, the 8th area 
specifies the area with a characteristic value of snow 
load higher than 4.0 kPa. In this area there is a charac-
teristic snow load (1 kPa = 102 kg/m2). 

Most of the Czech Republic is located in 1. - 4. 

areas where the characteristic value of snow load is 
from 0.7 - 2.0 kPa. Fig. 2.

When calculating the load-bearing capacity of the 
roof, the characteristic value is adjusted to the design 
value depending on the shape and slope of the roof, 
the height of the building, the exposure of the building 
in the terrain. The design value during the calculation 
will also be affected by the material (safety coeffi-
cients).

Fig. 2 Terrain height dependent exposure factor [20]

Fig. 3 Map of snow areas in the Czech Republic [21]

Tab. 1 - Map of snow areas in the Czech Republic [21]

Snow area I II III IV V VI VII VIII

kN/m2 0.7 1.0 1.5 2.0 2.5 3.0 4.0 > 4.0

kg/m2 70 100 150 200 250 300 400 > 480

Construction with a rectangular ground plan

Fig. 4 Structure with a rectangular ground plan

This consideration of the construction of Fig. 6 
was chosen as the most efficient, because it met all the 
assignment requirements. In addition, the con-
struction meets the following requirements:

1) The construction must allow easy handling of 
the aircraft so that it can be handled by a single person

2) When removing and storing the aircraft in the 
hangar, other aircraft must not be moved



December 2021, Vol. 21, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

indexed on: http://www.scopus.com 851

3) Minimum built-up area
4) The possibility of expanding storage spaces by 

extension.

Supporting columns of the building

Welded parts of "U 400" hot rolled profiles DIN 
10025-2, 2 x U 200 consist of a steel bar with a diame-
ter of 20 mm. Below, the diagonal reinforcement is 
checked by a tensile calculation.

Fig. 5 Diagonal reinforcement of the structure

Force loading the structure from the side:
Wind force - highest load value = 0.85 kN/m2

Calculation of force in the x-axis:

&' = 850 ∙ 15 = 12750 + = 12,75 -+
Calculation of force in diagonal beam Fd (sine 

theorem):

Fig 6 Force ratios of diagonal reinforcement
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Checking the tension of diagonal truss:

'( =
)*

+
≤ '.( (4)

Fd = 15035 N

/ =
6 ∗ 78

$
=

6∗ �,��8

$
= 0,0003142 9� (5)

Material: S235 steel '.( = 370 ;<> [3]

'( =
���?�

�,���?�$�
= 47851686,82 <> = 47,85 ;<> (6)

Number of diagonal reinforcement fields per calculated pressure: 2

'(� =
$�,#�

�
= 24;<> < 370 ;<> diagonal reinforcement COMPLIES (7)

Checking the columns on the struts
All columns are designed from rolled profiles "U 

400", welded with open ends together to form a 
hollow column [2].

I check the struts according to Euler [2], based on 
the slenderness of the column λ.

Euler's formula is valid only if λ ≥ λm
λm - ultimate slenderness = material constant

DE�F = 2 ∗ (DE + / ∗ >�) = 2 ∗ (20350 + 9150 ∗ 110�) = 221470700 99$ (8)

Checking the beam (truss) over the entrance

Fig. 7 Entrance truss - the most critical load of the whole bu-
ilding

When calculating in favour of safety, I neglect the 
corner supports, which I add to the structure only to 
reduce the deflection of the truss, as well as to increase 
the lateral stability and better installation conditions of 
electric rolling shutters.

Tab. 2 Material constants of limiting slenderness

Carbon steel λm = 100

Alloy steel λm = 85

Grey cast iron λm = 80

Spring steel λm = 60

Wood λm = 100
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Fig. 8 The course of the bending moment of the roof beam 
with the highest load - truss of the entrance to the building

q = 2200 N/m2Roof load by all influences
S = 225 m2Roof area
Q = q. S = 2200. 225Force converted from conti-

nuous load
Q = 495000 NLoad on the beam from the entire 

roof
Q(1/2) = Q / 2 = 495000/2 = 247500 NForce 

acting on half of the roof
Qn = Q(1/2) / 2 = 247500/2 = 123750 N

The force acting on one beam is based on the force 
acting on the rectangle of the half roof, i.e. the centre 
of gravity of the rectangle area, and this is equal to ½ 
the load of half the roof, or ¼ the entire load of the 
roof by all influences.

Inspection of roof beams and trusses

Roof load = 2.2 kN/m 2

'KLE =
MN

ON
≤ '.PQ (9)

RSTU - for steel S235JR = 230 MPa

Where:
WO - cross-sectional module in bending, Ftruss -

force acting on one roof truss, MO - bending moment

Number of trusses on half of the roof: 4

V�/� =
X

�
=

$Y����

�
= 247500 %- Force acting on half of the roof (10)

ZQL[ =
X\/8

$
=

�$����

$
= 61875 %- Force acting on one truss (11)

;P = ZQL[ ∗
]^_`

�
= 61875 ∗

�

�
= 1546875 %9 (12)

'KLE =
��$a#��

��$���
= 7,2 ;<> (13)

'KLE < '.PQ → 7,2 < 230 Roof trusses COMPLY

Calculation of reactions in entrance columns

Zcd = Zce =
Xf

�
=

��?���

�
(14)

Zcd = Zce = 61875 % = 61,8 &% (15)

Calculation of the maximum bending moment of the beam

;PKLE =
g ∗ ]8

$
−

g ∗ ]8

#
=

g ∗ ]8

#
=

Xf ∗ ]

#
=

��?��� ∗ ��8

#
= 34804687 Nm = 34804,7 kNm (16)

Inspection of welds

Weldability for S235JR material is guaranteed. The 
assessment of weld load capacity (exact method) is 

performed according to ČSN EN 1993-1-8 (12/2006): 
Article 4.5.3.2 (6).

The weakest point of the structure is assessed, i.e. 
the connection of the diagonal reinforcement with the 
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frame of the building.

Fig. 9 Weld of the diagonal reinforcement of the frame of the 
structure - the weld of the structure with the highest load

Fd = 24061 N Axial force from diagonal reinforce-
ment acting on the weld [8]

Fw , Rd = 88100 Calculated load capacity of 1 weld 
according to ČSN EN 1993-1-8 (12/2006): Article 
4.5.3.2 (6)

Tab. 3 Weld values from steelcalc software

Fw, 

Rd

[kN]

f u
[MPa]

a
[mm]

L w
[mm]

β w θ γM2

88.1 360 3 125 0.8 54 1.25

Number of welds: 2

Z =
)j,l*

�
=

##���

�
= 44050 > 24061 (Z7) (17)

The design of the structure is made in accordance 
with the assignment of this work. The whole design 
has been checked by calculations in places where the 
maximum load of the structure occurs. Other ele-
ments of the steel skeleton are not addressed in detail, 
no control calculations of load-bearing capacity were 
performed because the stress of these parts of the bu-
ilding is negligible and therefore it is not necessary to 
perform the control by calculation.

The main emphasis of the design was on safety. All 
designed semi-finished products of the hangar skele-
ton are therefore chosen so that the control calcula-
tion of the load-bearing capacity is far below the ma-
ximum stress limit of the elements. The surface tre-
atment of the steel frame is directly related to this. Due 
to the low cost requirements, no surface treatment is 
required, but it is recommended. To prolong the ser-
vice life of the structure, I recommend a high-quality 
two-component coating, which can extend the service 
life of the structure by tens of years in terms of pro-
tection of the structure against corrosion and other 
weather conditions.

An option would be the equipment with electrical 
or mechanical gates, connection to Central Security 
Desk or satellite, remote control, building status con-
trol, etc. Electronic equipment was not the subject of 
this work, however, I recommend equipping the buil-
ding with motion sensors connected to alarm and 
Central Security Desk with SMS transmission to the 
mobile phone.
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