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Izrada projektnog rjeSenja krovne konstrukcije sportske hale u Plzenu,
Ceska
SaZetak:

Predmet ovog diplomskog rada je proracun celi¢ne resetkaste konstrukcije u sklopu projekta
sportske hale smjestene u gradu Plzen u Ceskoj.

Konstruktivni sistem je sastavljen od ¢eli¢nih hladno valjanih profila i betonske jezgre. Materijal
za izradu cijele krovne konstrukcije je ¢elik S275. Glavna krovna konstrukcija je izvedena u
obliku ravne tropojasne zakrivljene prostorne resetke postavljene na 10 stupova pravilno
rasporedenih po obodu objekta. Na objekt su postavljeni krovne i bo¢ne podroznice, zabatni
stupovi.

Projekt sadrzi tehnicki opis konstrukcije, analizu optere¢enja na konstrukciju, proracun reznih
sila, dimenzioniranje konstruktivnih elemenata, proracun spojeva i karakteristi¢ne gradevinske
nacrte.

Kljucne rijeci:

Resetkasta konstrukcija, projekt, tropojasna resetka, podroznice, bo¢ne podroznice, zabatni
stupovi, rezne sile, tehnicki opis

Development of a design solution for the roof structure of a sports hall in
Plzen, Czech Republic

Abstract:

Subject of this Master thesis is the calculation of a steel truss structure within the project of a
sports hall located in the city of Plzen in the Czech Republic.

Structural system is composed of cold formed steel profiles and a concrete core. Material for the
entire roof structure is steel S275. Main roof structure is made in the form of a flat three-belt
curved 3D truss placed on 10 columns properly distributed around the perimeter of the building.
Purlins, sheating rails and gable columns have been installed ond the building.

The project contains a technical report of the structure, analysis of the load on the structure,
calculation of internal forces, dimensioning of structural elements, calculation of joints and
characteristic construction drawings.

Keywords:

truss structure, project, three-belt truss, purlins, sheating rail, gable column, internal forces,
technical report
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1. Technical report

1.1 Description of object

The subject of this Master thesis is the calculation of a steel truss structure within the project of
a sports hall located in the city of Plzen in the Czech Republic. Closed hall is organized as one
constructive-functional unit. Structural system is composed of cold formed steel profiles and a
concrete core. Main roof structure is made in the form of a flat three-belt curved 3D truss placed
on 10 columns properly distributed around the perimeter of the building. In the middle of the
building there is a concrete core to which the roof steel structure is connected. The length of
the concrete core is 39.5 m, the width is 20.0 m and the height is 7.3 m. Distance between the
columns and the concrete core is 40.0 m. The axial distance between the columns is 9.5 m.
Total width of the building is 103.0 m, while the length is 39.5 m. Total area of the roof surface
is approximately 4069 m?. The maximum height of the building is 17,182 m, and the height of
the columns is 6.0 m.

The truss girders of the columns are 1.0 m high, the width is 1.5 m, and truss girders of the
roof structure are 1.5 m high and 1.5 m wide, with the diagonals joining at the pressure cord
in the middle of the belt. Diagonals are conceived as compression-tensile diagonals. The
connection between the column and the truss structure was calculated and made as a hinge.
Connection between the column and the truss will be made with end plates and bolts, where
the top of the column is directly connected to the upper cord, while the connection between
the truss column and the lower roof cord is made with a specially made profile with 6 arms.
The columns are conceived as a three-belt 3D truss structure with a slope and a horizontal
cord. The columns are articulated to the foundations, so that each belt of each column is
connected to the foundation surface, through which they transfer the load to the foundation
soil.

The foundations are reinforced concrete structures, made as isolated footing, rectangular floor
plan, side dimensions 2.5 x 1.5 m. The height of the foundation is 0.8 m.

The problem of water runoff will not occur due to the 3D truss structure in the shape of an arch.
It is planned to cover the roof and sides with sandwich panels, which were selected according
to the calculated load on the structure for snow and uplift wind.

The load acting on the roof is transmitted through the purlins to the roof truss and through them
to the columns of the structure. The roof panels are directly connected to the purlins with bolts.

Secondary columns (gable columns) and sheating rails in the form of HEA and IPE cross-
section girders have also been installed, which have the role of load transfer and enable easier
installation of sandwich panels.
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1.2 Construction calculation

The design calculation was performed using the software package Scia Engineer 19.1, and
manual calculation according to EUROCODE 3. The calculation of internal forces was
performed using the program Scia Engineer 19.1, dimensioning of structural elements was
performed manual calculation according to EUROCODE 1993 part 1-1 while for the graphic
part of the project used the program AutoCAD 2018. The calculation of internal forces was
performed according to the linear theory of elasticity of the first order. The calculation
includes all actions on the structure, namely self weight, constant loads, wind loads, snow
loads as well as temperature actions.

With regard to the location of the Sports hall, a load analysis was made, which includes the
effects of snow, wind and temperature. The Sports hall is located in the area of Plzen in the
Czech Republic, which belongs to the I. snow load zone, which gives the characteristic value
of the snow load on the ground. The altitude at which the structure is located was also taken
into account. Zone II, land category Il was taken into account for the wind load, and the
height of the building and its protection were taken into account. Since wind is the dominant
load for this type of building, great attention was paid to it and especially the compressive and
uplift pressure action of the wind was observed, as well as friction in the roof surface.

The results presented in the graphical part of this project include internal forces and
displacements of certain parts of the structure. Internal forces are given in units of kN for
shear and axial forces, kNm for moments, and mm for structural displacements.

All construction elements are dimensioned by manual calculation according to EUROCODE
1993 part 1-1. The construction is shown by a 3D model in Scia Engineer 19.1 with a load
acting vertically and in the plane of the roof surface. The belt elements of the truss girders are
modeled as beam elements, while the infill of the roof structure and columns is defined as a
rod element that transmits only the axial force.

By defining the model in this way, we can consider that an articulated connection is achieve at
the joint of the infill and the truss girder cord. Joints of the columns with the foundations were
treated as articulated. All relevant load combinations are taken into account, and each element
is dimensioned according to its internal forces. Foundations and all joints are calculated
manually according to EUROCODE 1993 part 1-8.

1.3 Material

The material for the main load-bearing roof structure, as well as the columns, is steel S275.

The structural elements will be interconnected by bolt joints. The bolts used to make this
construction are M 16 and M 20, all quality 8.8.

Joints and extensions of structural elements include additional plates and stiffeners, also of the
same S275 steel quality. For the lining of the building, we use tin sandwich panels whose load
capacity is given in the table. The foundations are reinforced concrete, concrete class C 25/30.
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1.4 Assembly

The construction is prefabricated. All prefabricated construction elements arrive at the
construction site and are connected to each other with bolts. The roof structure itself is made
of 10 types of 3D segments, with 5 segments being the same as the other 5 due to the
symmetry of the structure. The first segment (segment 1) is 6.5 m high, 1.5 m wide and
approximately 12 m long, and the same segment is located on the second column. The edge
segment (segment 2) is 5.2 m high, 1.5 m wide and 6.5 m long, and is also equal to the 10th
segment. Segments 1 and 6 are connected to segments 3 and 8, which are of equal
dimensions, approx. 3.3 m high, 1.5 m wide and approx. 11 m long. Segments 4 and 9 are
bolted to segments 2 and 7, which are approx. 4 m high, 1.5 m wide and approx. 9.7 m long.
Both central segments are at a height of 17 meters above ground level. By supporting the
segments, the load-bearing structure will be mounted. These 10 segments together form the
main framework of the 3D construction.The zero phase of the assembly, after all the
previously necessary works have been performed, is the assembly of the columns. When the
column (segment 11) is placed on the anchors placed in the foundations, the column is held by
the crane until verticality is achieved by means of double bolts. After checking the verticality,
the space under the joint plate and the foundation is filled with expanding mortar.

After that, the edge (segments 1 and 2, 6 and 7) and 3 (8) and 4 (9) and the central segments
(5 and 10) are connected to the columns and placed in place with the help of a crane. The next
step is to install the next frame and connect the frame to the transverse segments with sheating
rails and purlins and secondary gable columns and sheating rails from the front. In this way,
each subsequent frame is set to the end. Assembly begins over the columns, followed by
assembly of the other segments of the structure. This method of installation was chosen
because we have a low-capacity crane at our disposal.

1.5 Regulations

The calculation and dimensioning of all elements of the steel structure were performed in
accordance with EUROCODE 3, and the analysis of the effect on the structure was made in
accordance with EUROCODE 1. The calculation and dimensioning of concrete structural
elements was performed in accordance with EUROCODE 2. The calculation of welded and
bolted joints according to EN 1993, part 1-8.

1.6 Corrosion protection

In the case of steel, corrosion means the oxidation of iron under the action of moisture and
various impurities. Rust accelerators are the polluted atmosphere, the industrial area polluted
with sulfur, salt, etc.

Protection of steel structures from rust is performed by:

- coatings

- zinc protection

- metallization

- using special steels
- cathodic protection

Coating protection is done to prevent oxygen and moisture from coming into contact with the
steel. Coating is usually done by painting in two layers: a base coat and a protective coating.
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The base coat directly protects the steel, and it needs to be made of substances that are not
harmful to human health. The protective layer serves to protect the base coat.

Premature deterioration of the structure usually occurs due to poor details in the structure
(inaccessible places for painting, places where water is retained, sharp edges where the
required thickness of the coating cannot be applied, etc.) which should be avoided.

The painting protection system consists of:

- Surface preparation - the durability of the coating depends on the adhesion of the paint to the
metal surface, which depends on the cleanliness of the surface before painting. Cleaning is done
with brushes, sandblasting, burner or chemical agents.

- Application of paint - painting is done with a brush, roller or spray. Attention should be paid
to the restrictions for individual colors. The number of layers of coating usually consists of
two and specifically of four or more layers. A new coating can only be applied when the
previous one is completely dry. Special attention should be paid to the thickness of the
coating. In general, a thicker coating increases the durability of the protection. The total
thickness of dry coatings should range between 0.1-0.4 mm.

Well-executed coatings last:

- up to 30 years indoors

- up to 20 years in rain-protected structures
- up to 10 years in nature

- 2-3 years in a polluted environment

1.7 Fire safety

The implementation of all regulations on fire protection will be ensured. Access and
intervention of the fire truck will be provided from the south side of the object. Required fire
resistance of steel structure elements F30. We ensure fire resistance with special expanding
coatings.
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2. Loading on structure

2.1 Permanent actions

2.1.1 Dead load

Roof surface
Spanels ... 0,11 KN/m?
= 0,11 kN/m?
SINSEAlAtION «. e veeee e e 0,10 kN/m?
S WOTKETS e 0,75 kN/m?

= 0,85 kN/m?

2.1.2 Self-weight

The self-weight of the steel structure elements is added automatically in the software
Scia Engineer used for the global analysis.

2.2 Variable actions

2.2.1 Snow

Analysis according to EN1991-1-3:2003

Snow loads on roofs (for the persistent situations) is determined with:
s = pj - Ce * C * s [kN/m?]

Where:

u; — koeficijent oblika opterecenja snijegom

sk — Characteristic value of snow on the ground at the relevant site [kN/m2]
C. — Exposure coefficient

C., =10
C; — thermal coefficient
C: =10
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Figure 2.1. Snow load shape coefficients for cylindrical roof

The snow load shape coefficients that should be used for cylindrical roofs, in
absence of snow fences, are given in the following expressions:

Za B<60°: Za >60°:
n,=0.8 p, =0.0
i, = 0.2+10-(h/l) n, =0.0
us = 0.9p, py =0.0

An upper value of p, should be specified.

The upper value of p, may be specified in the National Annex. The recommended upper
value for p, is 2,0

an

[T RN

h/b=0,18

Figure 2.2. Recommended snow load shape coefficient for cylindrical roofs of
differing rise to span ratios (for f < 60°)

h/1=0,26 =>u;=0,8, u2=2,8, us=1,4
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_ CSNEM 1991-1.3:2005Z1:2008
MAPA SNEHOVYCH OBLASTI MA UZEMI CR

Zatifan| sdham na sifathiich 5= 0G0,

Figure 2.3. Snow map for Czech Republic
Location of object: Plzen
sk = 0,7 [kN/m?]

=C =10
=C =10

- ¢ - Exposure coefficient

- q - thermal coefficient

si=pi* Ce Crv sk [kKN/m?]
s1=0,8-1,0-1,0-0,7
s1=10,56 kN/m?

s2=pi Ce Cr- sk [kN/m?]
52=2,8-1,0-1,0-0,7
s2=1,96 kN/m?

si=ui- Ce+ Cr- sk [kN/m?]
s3=1,4-1,0-1,0-0,7
53 =10,98 kN/m?
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Angle of pitch of roof @ | 0% < a<30° 30° < @ < 60°
U 0.8 0.8(60 - a))/30
1o 0.8 +0,8 /30 1,6

Table 2.1: Snow load shape coefficients

casefi) Milan) pilad)  py(a) M)
=l === )

I7, = e+ )2
Gase {ii) @) (a+ @)

pilen) M cxz)

Figure 2.4. Snow load shape coefficients for multi-span roofs

| . S(aM)=1.47  H2(a*)=147
Hz =1 r

Antonio Perié

| 2207 #(0)=0.8 Hy2=07 |
Lael | [T | Pl i |
i fs (01)=0.3 15 (0)=0.3
0.8 | pr(e)=08 | | 0.8
LTI T T T T s T T D e d DL LTI LT
Uy (01)=03 #Ji (ap70.3

Figure 2.5. Snow load shape coefficients for sports hall
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From Table 2.1:

a1 = 49°

ax=0°

a'=(0pt02)/2=25°

pi (o) =0,8

ui (a2)=0,3

pa(a')=0.8+0.8*( a'/30)=1,47

si=pi* Ce Cov sk [kKN/m?]
s1=0,8-1,0-1,0-0,7
s1=0,56 kN/m?

s2=pi- Ce- Cr- sk [kN/m?]
s2=03-1,0-1,0-0,7
s2=0,21 kN/m?

si=ui Ce- Cr- sk [kN/m?]
s3=1,47-1,0-1,0-0,7
s3=1,03 kN/m?

2.2.2 Wind

Wind pressure (vertical) on surfaces:
The wind pressure acting on the external surfaces: W, = qp(Ze) * Cpe[kKN/m?]
The wind pressure acting on the internal surfaces: ~ w; = q,(z;) * cp; [kN/m?]

Where:

qp(z(e)i) — is the peak velocity pressure

Z(e)i — is the reference height for the external (internal) pressure
Cpe — is the pressure coefficient for the external pressure

Cpi — is the pressure coefficient for the internal pressure

Antonio Perié
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Figure 2.6. - Pressure on surfaces

q is the basic velocity pressure given in Expression:

_1 2 2
ap =5 p v§ [kN/m?]
Where:
p — is air density, which depends on the altitude, temperature and barometric pressure
to be expected in the region during wind storms (adopted value is p = 1,25 kg/m3)
vy, — is the basic wind velocity
The basic wind velocity shall be calculated from Expression:

Vp = Cdir " Cseason " Vb,0 [m/s]
where:

Vp,0 — is the fundamental value of the basic wind velocity
Cqir — is the directional factor

Cair = 1,0

Cseason — 1S the season factor

Cseason = 1,0
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Figure 2.7. value map of the basic wind velocity in Czech Republic

Basic wind velocity from the map for Plzen: v, o, = 25,0 [m/s]

vp =1,0-1,0-25,0 = 25,0 [m/s]

The mean wind velocity vim{z) at a height z above the terrain depends on the terrain roughness
and orography and on the basic wind velocity, Vb, and is determined with Expression:

Vm (Z) =Cr (Z) " Co(2) " vp (z) [m/s]
Where:

c-(z) — is the roughness factor
Co(z) — is the orography factor

It's usually taken as 1,0 unless otherwise specified c,(z) = 1,0.
The roughness factor, c.(z), accounts for the variability of the mean wind velocity at the site
of the structure due to:

-the height above ground level
-the ground roughness of the terrain upwind of the structure in the wind direction considered

The recommended procedure for the determination of the roughness factor c.(z) at height z is
given by Expression:

cr(z) = ki - In(z/20) za zpin < 2 < Zyax
cr(z) = ¢t (Zmin) 22 Z < Zyin

11
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Where:

Zo — is the roughness length

k. — terrain factor depending on the roughness length z, calculated using
Zmin — 1S the minimum height

Zmax — 1S the maximum height

Zmax 1S to be taken as 200 [m]

Terrain factor depending on the roughness length z, calculated using:

0,07
Zg

k. =0,19- <—>
Zo,11

Zo1 — 0,05 m (terrain category II)

Where:

Zo, Zmin depend on the terrain category. Recommended values are given in Table 2.

depending on five representative terrain categories.

Antonio Perié

and their average height exceeds 15 m

o Zmin
Terrain category
m m
0  Sea or coastal area exposed to the open sea 0,003 1
I Lakes or flat and horzontal area with negligible vegetation and 001 1
without obstacies '
Il Area with low vegetation such as grass and isclated obstacles 0.05 3
(trees, buildings ) with separations of at least 20 obstacdle heights !
Il Area with regular cover of vegetation or buildings or with isolated
oh=stacles with separations of maximum 20 obstacle heights (such 0.3 3
as villages, suburban terrain, permanent forest)
IV Area in which at least 15 % of the surface is covered with buildings 6 i

NOTE: The terrain categories are illustrated in A1,

Table 2.2. Values 7, i1 z,;, for different terrain categories

12
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Terrain category 0
Sea, coastal area exposed to the open sea

Terrain category |
Lakes or area with negligible vegelation and without obstacles

Terrain category |l

Area with low vegetation such as grass and isolated obstacles
(trees, buildings) with separations of at least 20 obstacle
heights

Terrain category il

Area with regular cover of vegetation or buildings or with
isolated obstacles with separations of maximum 20 obstacle
heights (such as villages, suburban terrain, permanent forest)

Terrain category IV

Area in which at least 15 % of the surface is covered with
buildings and their average helght exceeds 15 m

Figure 2.8. Illustrations of the upper roughness of each terrain category

Terrain category III, Plzen
Taken from the table: zo;;; = 0,3 [m]

Zmin = 5,0 [m]
0’3 0,07
k. =0,19- <m) = 0,215

z=17.2[m] - 5,0 < 17,2 < 200,0
c(z) =k "In(z/zy) = 0,215-1In(17,2/0,3) = 0,871
Vi (2) = ¢.(z) - cy(2) - vp(2) = 0,871-1,0- 25,0 = 21,78 [m/s]

The turbulence intensity I,(z) at height z is defined as:

13
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ki
¢o(2) " In(z/2)

IV(Z) =

Where:

k; —is the turbulence factor.

The value of ki may be given in the National Annex. The recommended value

for kp is 1,0.

The peak velocity pressure qp,(z) at height z, which includes mean and short-term velocity
fluctuations, should be determined by:

1
dp(2) = ce(@) " qp = [1+7-1,(@)] 5 p Vi (2)
Where:

c.(z) — is the exposure factor

(my100
90
a0
70
60
&0
40
a0

20

10

o i el 1 | . N
0.0 10 2.0 an 40 50 @

Figure 2.9. [llustrations of the exposure factor ce(z) forco = 1,0,k,= 1,0 c.(z) zacy =
1,0ik; =1,0
Taken from the figure: c.(z) = 2,10

Ky ~ 1,0
co(2) - In(z/zy)  1,0-1n(17,2/0,3)

I,(z) = =0,25
1 1
ap(@ = [1+ 7 1,(2)] e vi(z)=[1+7"-0,25] X 1,25 - 21,782
qp(z) = 815,32 [N/m?]
qp(2) = ce(2) - qp

1 1
p-vi = 7 1,25 - 25,02 = 390,63[N/m?]

C1b=§'

14
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4p(2) = ce(2) - qp = 2,10 - 390,63 = 820,32 [N/m?]

Antonio Perié

as authoritatively taken: q,(z) = 820,32 [N/m?] = 0,821 [KN/m?]

0.3 0.4

40,2

-0.4

i,
8

06

A (hid»0,5)

08

=

-1.0 A
t R \

i : ]
A (hid=0,5)

-1,2

Figure 2.10. Recommended values of external pressure coefficients cpe 1o for vaulted

roofs with rectangular base

The net pressure on a wall, roof or element is the difference between the pressures on the
opposite surfaces taking due account of their signs. Pressure, directed towards the surface is
taken as positive, and suction, directed away from the surface as negative.

We = qp(ze) ’ Cpe[kN/mz]
dp(ze) = 0,821[kN/m?]

wi (cpi=+0.2)
f/d = 11,2m/40,0m = 0,28
h/d = 6,0m/40,0m = 0,15
Area Area A Area B Area C
Cpe 0,3 -1,0 -0,4
We [kN/mz] 0,25 -0,82 -0,33
2 _ -
Friction (kN/m ) 0,005 0,02 0,007

Wind from inside : We = qp(2Ze) * ¢pi[KN/m?]
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From inside 0,16
(kN/m?) ¢,i=+0,2
Wind wi:
Area Area A Area B Area C
W,; [kN/m?] 0,41 -0,66 -0,17

coefficient of friction

coefficient of friction cg. for walls and roofs:

Surface Friction coefficient ¢y
Smooth
0,01

(i.e. steel, smooth concrete)
Rough
8 v 0,02
(i.e. rough concrete, tar-boards)
very rough

Kbl 0,04
(i.e. ripples, ribs, folds)

Table 2.3. Frictional coefficients cf for walls, parapets and roof surfaces

Construction is covered with a ribbed, wrinkled coating so coefficient of friction is

Cir = 0,02

Friction because of wind is determined with:

Wezo,oz*qref*ce*cp,net

WALL:

We = qp(ze) : Cpe[kN/mz]

ap(ze) = 0,821[kN/m?]

Podrucje A B c E
hid Cpa 3 Cou Cpm i Cpat Cpa, ¥ Cput Cpa it Cpat Cpu 1 [ Crat
5 -12 -14 -08 -1.1 -05 ~0.8 =10 -07
1 -1.2 -1.4 =02 =11 -05 =08 =10 -0.5
=025 -12 -14 -08 -1.1 -05 +0.7 +1.0 -0.3

Table 2.4. - Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings
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h
wind A
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Figure 2.11. - Key for vertical walls
Area Area A Area B Area C Area D Area E
Cpe -1,20 -0,80 -0,5 +0,7 -0,3
w, [kN/m?] -1,00 -0,66 -0,41 +0,60 -0,25
2 - - - -
Friction(kN/m ) 0,01 0,01 0,01 +0,01 0,003
Wind from inside : we = qp(2e) * ¢pi[kKN/m?]
From inside 0,16
(KN/m?) ¢,i=+0,2
WALL Wi:
Area Areca A Arca B Area C Area D Arca E
W, [KN/m?] -0,84 -0,50 -0,25 +0,76 -0,09

17




Faculty of Civil Engineering,

Architecture and Geodesy 2019/2020 Antonio Peri¢
w2 (€pi==0,3):
Area Area A Arca B Area C
Cpe 0,3 -1,0 -0,4
W, [KN/m?] 0,25 -0,82 -0,33
2 _ R
trenje(kN/m ) 0,003 0,01 0,004
Wind from inside : We = qp,(2e) - ¢pi[KN/m?]
From inside -0,25
(kKN/m?)
Cpi:‘0,3
Wind w»:
Area Area A Arca B Area C
Wey [KN/m?] 0,0 -1,07 -0,58

coefficient of friction

coefficient of friction cg. for walls and roofs:

(i.e. ripples, ribs, folds)

Surface Friction coefficient ¢,
Smooth
0,01

(i.e. steel, smooth concrete)
Rough
. ’ 0,02
(i.e. rough concrete, tar-boards)
very rough

b 0,04

Table 2.5. Frictional coefficients cf for walls, parapets and roof surfaces

Construction is covered with a ribbed, wrinkled coating so coefficient of friction is

Csr = 0,02

Friction because of wind is determined with:

We=0,02*qref*ce*cp,net

18
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WALL:
We = qp(Ze) ' Cpe[kN/mz]
dp(ze) = 0,821[kN/m?]
Podruéje A c D E
"!-f Cpa o -‘I!' Cm. 12 fa-' -"u‘: -".‘-' 'r'r-lﬂ Cpa Cput [ I-‘r\--‘
5 -12 -14 -08 =1.1 -05 <08 ~10 -0.7
1 -1.2 -14 -08 -1.1 -05 <08 =10 -0.5
<025 -12 -14 -08 -1.1 -05 <07 +1.0 -03

Table 2.6. Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Area Area A Area B Area C Area D Area E
Cpe '1,20 ‘0,80 ‘0,5 +O,7O -0,30
w, [kN/m?] -1,00 -0,66 -0,41 +0,60 -0,25
2 - - - -
trenje(kN/m ) 0,01 0,01 0,01 +0,01 0,003
Wind from inside : We = qp(2Ze) * ¢pi[kKN/m?]
From inside -0,25
(KN/m?)
Cpi:‘0,3
Wall W,:
Area Area A Area B Area C Area D Area E
W, [kN/m?] -1,25 -0,91 -0,66 +0,35 -0,55
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2.2.3 Thermal actions

B 321a234°C
B 34.1a8236°C
B 361a238°C
B 381a240°C

102000000

Figure 2.12. Temperature map of Tmax for Czech Republic

Figure 2.13. Temperature map of Tmin for Czech Republic

Highest temperature in the shade for Plzen: Timax= 40 °C
Lowest temperature in the shade for Plzen: Tmin= -5 °C

The lowest temperature is taken -5°C because in real life it's almost impossible to have -32 °C
as it should be taken from the temperature map.

A uniform temperature change in all sections is assumed.
Assumed temperature during installation of construction is T= 10 °C

Maximum positive temperature change: Tmax = 40 °C- 10 °C=30 °C
Maximum negative temperature change: Tmin= -5 °C-10°C=-15 °C
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2.2.4 Sandwich panel selection

|I=2,65m => span between purlins
sandwich panels taken from ruukki tables

rU U(l(l PIR sandwich panels » Load tables

Maximum allowable snow load [kN/m?] for the length of span made of Ruukki SP2C 100/60PIR panels Table 12
External facing thickness: 050 mm uLs - Uitimate Limit State

Internal facing thickness: 0.40 mm ULS 210 - Utimate Limit State; 2 fasteners at an end support

External temperature: +55°C; +65°C; +B0"CL-20°C (summeriwinter) ULS 1/0 - Utimate Lirmit State; 1 fastenar at an end support

Internal temperature: +20°Gi+20°C (summeriwinter) ULS 2/3 - Utimate Limit State; 2 fasteners at an end support | 3 fasteners at an intermediate suppart
Minirmum end support width: 40 mm ULS 143 - Utimate Limit State; 1 fastener at an end support /3 fasteners al an intermediate support
Minirnum intermediate support width: 50 mm SLS - Serviceability Limi State

Minirmum number of fasteners at the end support: 2 or 3
Minimum number of fasteners at the infermediate support: 3

Static schame Colour groug Critevion it
1.00 1.50 200 250 3.00 3.50 400 450 500 550 £.00 6.50
uLS 23 508 341 258 204 170 132 105 08 071 060 052 045
ULS 1/3 508 340 256 204 170 132 105 086 71 061 052 044
e ! sLS Li2o0 2280 802 401 M 161 114 085 065 050 039 031 0.24
% Li250 1830 639 319 191 126 089 066 050 038 029 023 018
a. ULS 2/3 5.08 3 256 2.04 1370 1.32 105 086 0.71 080 052 045
= ULS 1/3 508 340 256 204 170 132 105 08 071 061 052 044
§- n e L/200 22 .89 8.02 401 241 161 1114 085 065 050 039 031 0.24
= Liz2s0 18.30 639 319 1.91 1.26 0B 066 050 o038 029 023 018
E ULS 2/3 5.08 34 256 204 1.70 1.32 105 086 o7 060 052 045
ULs 1/3 5.08 340 256 2.04 1.70 1.32 1.06 086 072 060 052 044
n sig L/zoo 22.89 a0z 4Mm 241 161 114 085 065 o050 o038 031 0.24
L/250 18.30 639 319 191 126 089 066 050 038 029 023 018

Table 2.14. Maximum allowable snow load [kN/m?] for the length of span made of Ruukki
SP2C 100/60PIR panel

Maximum allowable wind suction [kN/m?] for the length of span made of Ruukki SP2C 100/60PIR panels Table 13
External Tacing tickness: 0.50 mm ULS - Unimsie Limt State

Intesra3l tacing thickness: 0,40 mm ULS 2/ - Uimate Limit State- 2 fastaners 3t an end euppar

Extemnal femparature; $55°C; 465°C; 4B0°C-20°C (summertinter)  UILS 140 - Uimsle Limit State; 1 fastener 3t an end supparl

IlesTeal temparature: +20°Ci+20°C [sUmMmErwintes) LS 213 - Umimate Limit St 2 faEtaners 3t 3n 2nd support /3 SEteness 3t an miermesste suppoet
Minimum end euppart widn: 40 mm LS 1/3 - UNimate Limit State: 1 tebtaner 3t 3n end suppor 7 3 Sstenens 31 an Inermediste support
Minimum intermediate suppor width: 63 mm 8L -Servicesbilty Limh State

Minimum number of fasleners &t the end Eupport 2ar 3
Minimum number of fasleners &t the infermeadiate support: 3

Siafic schame Cofour graug Criterion R
1.00 150 20 250 306 350 400 45 500 550 0o A58
uLs 213 628 384 260 210 158 128 104 OB0 QF7 088 061 058
ULS 1713 278 188 151 130 113 w02 062 085 Q77 opes 0681 055
€ : aLE Lr200 2311 823 4323 282 1E2 134 108 088 o071 080 052 048
8 Li2s0 1850 881 240 212 148 111 0QEF 071 0%5@ 050 DOs44 030
:‘Q uLs 213 B28 354 280 2w 158 128 104 OB 077 088 081 058
= uLs i 278 188 151 130 143 102 02 085 Q77 Q68 081 055
E- I sls Lizoo 2371 823 423 @2 182 134 108 088 o7 080 082 048
; LI250 1850 @81 340 212 148 1.1 0B? 071 050 0S50 044 030
; uLs E28 354 23 18 135 101 0OB8 OT4 pes 059 054 050
ULS 113 278 188 148 22T 193 101 o088 074 Qo8 0% 054 050
n 88 Liz00 2311 823 423 282 1E2 134 108 QOB o071 080D Q%2 048
Li2s50 1850 &#1 340 212 148 11 QEF 0T Q0B D050 Q44 D3R

Table 2.15. Maximum allowable wind suction [kN/m?] for the length of span made of Ruukki
SP2C 100/60PIR panel
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=> Ruukki SP2C 100/60 PIR, group II (light colours), multi-span panels, span length of
sandwich panels is 3m (11,1 kg/m?=> 0,11 kN/m?)

-Maximum allowable snow load for sandwich panel from table 2.14 is 1,26 kN/m?

The biggest snow load on sandwich panel from calculation on the construction is 1,03 kN/m?
1,03 kN/m? < 1,26 kN/m? => satisfied

-Maximum allowable wind suction for sandwich panel from table 2.15 is 1,13 kN/m?

The biggest wind suction on sandwich panel from calculation on the construction is 1,07 kN/m?

1,07 kN/m? < 1,13 kN/m? => satisfied

3. Construction calculation

The design of the structure was performed in the Scia Enginner 19.1 software package with a
3D structure model.

3.1 Presentation of structure model

Figure 3.1. 3D view of the model
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Figure 3.2. 3D side view of the model

— I

Figure 3.3. Top view of the model

3.2 Display of individual load on the structure

All loads are placed to the structure as a surface load on the pannels. Then pannels transfered
that load to the rest of the structure.
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3.2.1 self weight

The self weight of the construction is set automatically in the program.

3.2.2. Permanent load

Figure 3.4. Permanent load

Figure 3.5. Permanent load (workers + instalation) (1)
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Figure 3.6. Permanent load (workers + instalation) (2)

Figure 3.7. Permanent load (workers + instalation) (3)
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3.2.3. Snow load

Snow load 1

8

3

Figure

Snow load 2

9

3

F

igure
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. Snow load 3

3.10

Figure

3.2.4. wind load (w1)

wind load wi

11.

Figure 3
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3.2.5. wind load (w>)

g,

Figure 3.12. wind load w>

3.2.6. Thermal actions

Figure 3.13. Positive temperature change (+30 °C)
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Figure 3.13. Negative temperature change (-15 °C)

3.3 Combination of actions

Combinations of actions were created for the ultimate limit state and serviceability limit state
using the computer program Scia Engineer 19.1.
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3.3.1 Ultimate limit state (ULS)
Combinations | gsnB
Nama Description Type Load caess Coeft.
"ot werainn! TSiudent wereion' "Sucentuersen’ Thiuclent wevsinn ! TSiLchent wensinn '&Eﬂ'-’.r
gsni uE Envelbps - LC1 - Saff weight 136
wliimate s 1,50 gsnd
wind 02 0,90
constant load 135
waork+inst 1,05
tempemstire positive 0.5
gsn2 uks Envebpe - LC1 - Saif weight 1,35
uliimate i 150 genid
wind 0.3 0,50
constant load 135
work+inst 1 1,05
tempesture positive 050
gsnd LE Enwvsbps - LC1 - S weight 136 =
ulimate J— 150| ¥
wind 02 0,80
constant load 135
wark+inst2 105
tempemEie positive 0,50
nd Lk Envebps - C1 - 528 wei 135
e ulﬁnutepe Is_;ml Saif weight i;a geniz
wind 0.3 050
constant load 135
wark+inst2 1,05
tempemtne positive 0,80
gsn uk Envebps - LC1- Scif weight 135] |gsnia
ultimnate: By 150 |
wind 02 0,50
constant load 135
waork+instd 105
tEmMpeEre positive 050
gsnd uE Envebpe - LC1 - 5= weight 135] (gsnid
wlfimate o 150
wind 0.3 080
constant load 135
waork+instd 105
tempemstine positive 050
gsnr uE Envebps - LC1 - 5= weight 135( |gsnis
uliimate snowZ (1) 150
wind 02 0,50
constant load 135
work+inst 1,05
tempestre positiee 050

ukE

ukE

ukE

uk

vk

uk

uk

uk

Envebps -
ultimsts

Envebps -
ulimsts

Envebps -
ulfimats

Envebpe -
ulfimats

Envebps -
ulimats

Envebps -
ulimats

Envebps -
ulimats

Envebpe -
ulimats

Antonio Perié

LC1 - Saif weight 1,35
snow? (1) 1.50
wind 0.3 0,50
constant load 135
work+inst 1,05
temoemEtre positie 0,80
LC1 - S weight 1,35
snow? [1) 1.50
wind 02 0,90
constant load 135
work+inst2 1,05
tempemture positive 0,590
LC1 - S weight 1,36
snow2 (1) 1.50
wind 0.3 0,50
constant load 1,35
worksinst 1,05
temoeEiure positie 0,50

C1- 5&f weight 135
snowZ (1) 1,50
wind 02 0,80
constant load 1,35
worksinst 1,05
tEMpeElre positie 0,90

C1- Saf weight 1,35
snowZ (1) 1.50
wind 0.3 0,590
constant load 135
work+inst3 1,05
e Ehire ithe 050
LC1 - Saif weight 1,35
wind 02 0,90
constant load 1,35
work+insti 105
snow? (3 1,50
tempemture positive 0,90

C1- Saf weight 1,35
wind 0.3 0,90
constant load 1,35
works+inst1 1.05
snow? {7 1,50
tempemture positive 0,50

C1- S5&f weight 1,35
wind 02 0,20
constant load 1,35
=nowZ (3 1.50
waorksinst? 1.05
tempeEtre positie 0,50
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g=nig

g=nid

gsn2

uk

vk

vk

uk

Lk

vk

vk

vk

Envebpe -
uitimnats

Envebps -
ultimate

Envebps -
ultimats

Envebpe -
ulimate

Envebps -
ultimats

Envebps -
ultimats

Envebpe -
ultimate

Envebps -
ultimats

2019/2020

LC1- S weight 1,35 | |gen2d
wind 0.3 0,50
constant load 1,35
snoa2 (3 1,50
waork+instZ 1,05
tempestire positive 0,50
LC1 - Saif weight 1,25 | [g=n2s
wind 02 0,50
constant load 1,35
snowd (3 1,50
work+instd 1,06
tempestire positive 0,50
LC1- 5= weight 1,35 | | gsnds
wind 0.3 0.5
constant load 135
=now2 (3 1,50
waork+instd 1,05
tempeEtire positive 0,50
LC1 - S weight 1,35 | |gsnl
snow 075
wind 02 1,50
constant load 135
waork+inst 1,05
tempesture positive 0,50

LC1- 5= weight 1,25 | [g=n2E
snow 0,75
wind 0.2 1,50
constant load 135
wark+instZ 1,05
tempestre positee 0,90

LC1 - 5 weight 1,35 | |g=n28
Sow 075
wind 02 1,50
constant load 135
waork+instd 1,05
tempesture positive 0,90

C1- S weight 1,25 | |g=n0
snow 075
wind 0.3 1,50
constant load 135
waork+inst1 1,05
tempestire positive 0,50

LC1- S5=F weight 1,25 | | g=n2i
Snow 015
wind 0.3 1,50
constant load 135
waork+instZ 1,05
tempesture positive 0,50

Lk

vk

ukE

vk

ukE

vk

vk

vk

Envebps -
ultimate

Envebps -
ultimats

Envebps -
ultimats

Envebps -
ultimate

Envebpe -
ultmste

Envebps -
ultimate

Envebps -
ultimate

Envebps -
ulimate

Antonio Perié

LC1- S&F weight 1,35
SNOW 0Ts
wind 0.3 1,50
constant load 135
work+instd 1,05
IEMDEENE positive 0,50
LC1- SaF weight 135
snowz (1) 075
wind 02 1,50
constant load 1,35
work+inst 1 1,05
IEMpEENE positive 0,50
LC1- S weight 1,35
snoaZ (1) 075
wind 02 1,50
constant load 135
work+inst2 1,05
tempeEre positive 0,50
LC1- S weight 1,35
snoaZ (1) 075
wind 02 1,50
constant load 135
work+instd 1,05
tempestre positive 0,50
LC1- S=F weight 1,35
snon2 (1) 075
wind 0.3 1,50
constant load 135
woirkinst 1,05
tempeEture positive 0,90
LC1 - S=F weight 1,35
snoa2 (1) 075
wind 0.3 1,50
constant load 135
work+inst2 1,05
tempesture positive 0,90

C1- S weight 1,35
snoa2 (1) 0,78
wind 0.3 1,50
constant load 135
work+instd 1,05
tempesture positive 0,50

C1- S weight 1,35
wind 02 1,50
constant load 1,35
work+inst1 1,05
snow2 (3 075
tempestre positive 0,50
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g=ni2

g=nd

g=niT

g=ndd

uE

uE

uE

uk

uk

uk

uE

uk

uE

Envebops -
uliimats

Envebps -
ulimats

Envebps -
ulfimate

Envebps -
ulbmats

Envebps -
ulimats

Envebps -
ulfimate

Envebps -
ultimats

Enwvebps -
ulimats

Envebps -
ulbmate:

2019/2020

LC1 - Saif weight 1,35 gendt
wind 02 1,50
constant load 1,35
snow? {3 078
workinst2 1,05
tempemtre positive 0,30
L1 - S weight 135 ™2
wind 02 1,50
constant load 1,35
snow (2 075
workHnstd 1,08
tempemture postive nso| [gsm4d
LC1 - SeF weight 135
wind 0.3 1.50
constant losd 135
worknst | 1.06
snow? {2 075 |gendd
temoeEre positive 0,30
LC1 - Seif weight 1,35
wind 0.3 1,50
constant load 135
snow {3 078 g=nds
worksinst2 1,05
tempeEture positive 0,50

C1- Seff weight 1,35
wind 0.3 1,50

constant load 1,35
=now2 (3 075 | |9snE upkt
work+instd 1,05
tempesture positive 020

C1- Seif weight 1,35
snow 150 | |g=sn
constant load 1,35
worksnst 1 1.06
tempeEtre positive 0,90

LC1 - Seif weight 1,35
= 1.50

constant load 125 | |gendy
work+inst? 108
tempestire positive 090

LC1 - SeF weight 135
SIROW 1.50

constant load 1,35
workHnstd 1.06 =
tempemtire positive 050 =
LC1 - Seif weight 1,35
snow2 (T 150

constant losd 135
workinst 1.05
tempeEtre positive 050

uk

=

ukE

Enwebps -
ultimate

Envebpe -
ultimnste

Enwebps -
ulimats

Enwebps -
ultimate

Enwebps -
ultimats

Envelbpe -
ulimats

Enwebps -
ulimate

Enwebps -
ultimate

Envelbpe -
ultimnste

Antonio Perié

LC1- S5 weight 135
snow? (1) 150
constant load 135
waork+instZ 105
tempesture positive 050
LC1- 5= weight 135
snow? (1) 1.50
constant load 1,35
waork+instd 1.05
tempestire positiee 050
LC1 - S=F weight 135
constant load 135
work+inst 1,05
snow? (3 1.50
tempesture positive 050
LC1- S=F weight 135
constant load 135
snowl (3 1,50
work+instZ 1.05
tempesture positive 050
LC1- 5= weight 135
constant boad 135
snowd () 150
waork+instd 105
tempeEture positive 050
LC1- 5= weight 1,00
wind 0.3 1.50
constant load 1.0
tempestire positive 050
LC1 - S=F weight 1,35
Snow 150
wind 02 0,50
constant boad 135
work+inst 1,05
tempestre negstive 050
LC1- S5 weight 135
Snow 1.50
wivd 0.3 0,90
constant boad 135
waork+inst 1,05
tempeEture negstive 050
LC1 - 5= weight 135
Snow 150
wind 02 0,50
constant boad 135
work+inst 1,05
tempestire negstive 050
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gends

gendl

uk

vk

vk

vk

LE

vk

vk

vk

Envebpe -
ulimate

Envebps -
ulfimate

Envebpe -
wliimate

Envebps -
ulfimste

Envebpe -
wlfimste

Envebps -
ulfimste

Envebps -
ulfimate

Envebps -
ulfimste

2019/2020

LC1- Sabf weight 1,35 (gsndl
Snow 1,50
wind 0.3 0,590
constant load 1.35
work+inst2 1,056
tempesire negstive 0,90
LC1- Saif weight 1,35| [g=nsE
snow 1,50
wind 02 0,90
constant load 1.35
worksinstd 1,05
tempesre negstive 0,90

C1- Sebf weight 1,35| [gsnsB
snow 1,50
wind 0.3 0,590
constant load 135
worksinstd 1,05
tempesture negative 0,90

C1- Sa weight 1,35| (g=nd0
snow2 (1) 1.50
wind 02 0,590
constant load 1,35
worksinst 1 1,06
te Shire iwe 0,50

C1- Sa weight 1,35 [gsnbi
snow2 (1) 1.50
wind 0.3 0,50
constant load 1,35
worksinst 1 1,05
tempestore negstive 0,90

LC1- S&if weight 1,35 |g=nd2
snow2 {1} 1,50
wind 02 0,90
constant load 135
work+inst2 1,05
e Shure iwe 0,50

LC1- S&f weight 1,35 |g=nd3
snow? () 1.50
wind 0.3 0,90
constant load 1,356
work+inst2 1,05
tempestire negstive 0,90

LC1 - Saif weight 1,35 | |g=nd4
snowZ (1) 150
wind 02 0,90
constant load 1356
work+instd 1,05
tempestire negstive 0,90

ukE

ukE

uE

vk

uE

vk

vk

vk

Enwebpe -
ulimate

Enwsibps -
ulimate

Enwsbps -
ulimate

Enwesiops -
ulimate

Enwsbps -
ulimate

Enwesiops -
ulimate

Enwebpe -
ulimate

Enwesbps -
ulimate

Antonio Perié

LC1- S weight 1,35
snow2 (1) 150
wind 0.3 0,50
constant load 135
worksinstd 1,06
tempesure negstive 0,50
LC1- S weight 1,35
wind 02 0.50
constant load 135
work+insti 1,05
snow2 (3 1,50
tempemEure negstive 0,90
LC1- S weight 1,35
wind 0.3 0.50
constant losd 1,35
work+inst1 1,05
snowi2 {3 1,50
tempemstre negstive 0,50
LC1- S weight 1,35
wind 02 0,20
constant load 135
snow2 (3 150
worksinstZ 1,06
tempeEure negative 0,90
LC1- S weight 1,35
wind 0.3 0.50
constant losd 135
snow2 {3 1,50
work+inst? 1,06
tempemsture negstive 0,50
LC1- S weight 1,35
wind 02 0,20
constant load 1,35
snow2 (3 1.50
worksinstd 1,06
tempemture negstive 050
LC1 - 52 weight 135
wind 0.3 0,90
constant losd 1,35
snow? (3 1.50
work+instd 1,06
tempemture negstive 0,50
LC1- S weight 1,35
Snow 075
wind 02 1,50
constant load 135
work+inst | 1,05
tempemsture negstive 0,50
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g=nis

gsnTi

=)
i
4
3}

ukE

uE

uE

ukE

uk

uk

uk

ukE

Enwsiops -
ulimate

Enwsiops -
ulimate

Enwebps -
ultimats

Envebps -
ultimate

Envebps -
ultimate

Envebps -
ulimate

Envebps -
ulimate

Enweslops -
ulimate

2019/2020

LC1 - 52 weight 135 ( |gsni3
snow 075
wind 02 1,50
constant load 135
work+instZ 1,05
tempEELre negEtive 0,590
LC1 - SaF weight 1,35 | |gsnTd
snow 075
wind 02 1,50
constant load 135
work+instd 1,05
tempestire negstive 0,50
LC1- S=F weight 1,35 | |gsnis
Snow 075
wind 0.3 1,50
constant load 135
work+insti 1,05
tempeture negative 050

C1- S weight 1,35 | |gsniG
snow 075
wind 0.3 1,50
constant load 135
work+instZ 1,05
te Shure v 0,50

LC1 - Saff weight 1,35 |gsniT
Smow 075
wind 0.3 1,50
constant load 135
work+instd 1,05
tempestre negstive 0,50

LC1- S weight 1,35 |gsni®
snowZ {1} 075
wind 02 1,50
constant load 135
work+inst1 1,05
te Shure lws 050

LC1 - Saf weight 135 |g=ni@
snow (1) 075
wind 02 1,50
constant load 135
work+instZ 1,05
tempemire negative 0,50

LC1 - Saif weight 1,35 | |gsnd0
snow2 (1) 0,75
wind 02 1,50
constant load 135
work+inst3 1,05
tempeEure negative 0,90

uk

vk

ukE

LE

Envebps -
ultimats

Envebps -
ultimats

Envebps -
ulimate

Envesbops -
uliimate

Enwvebps -
ultimats

Enveibps -
ultimats

Envebpe -
ulimate

Envsibps -
uliimate

Antonio Perié

LC1- 5F weight 1,35
snow2 (1) 075
wind 0.3 1,50
constant load 135
work+inst 1 1,05
tempesture negstive 0,50
LC1 - SF weight 1,35
snow2 (1) 075
wind 0.3 1,50
constant load 135
worksinst? 1,06
tempeEture negative 0,50
LC1- SaF weight 1,35
snow2 1) 075
wind 0.3 1,50
constant load 135
worksinstd 1,06
tempestire negative 0,50

C1- S5 weight 1,35
wind 02 1,50
constant load 1,35
worksinst 1.06
snow? {3 075
tempeEre negstive 0,50
LC1- 5F weight 1,35
wind 02 1.50
constant losd 1,35
snow2 {3 07E
work+instZ 1,05
tempestre negstive 0,50
LC1 - SaF weight 1,35
wind 02 1.50
constant load 1,35
snow2 {3 075
worksinstd 1,06
tempesre negstive 0,50
LC1- S weight 1,35
wind 0.3 1,50
constant load 1,35
work+inst1 1.05
snow2 {3 075
tempestire negative 0,50

C1- 52 weight 1,35
wind 0.3 1,50
constant load 1,35
snowZ (3 075
work+instZ 1,05
tempeEure v 0,50
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g=ngl

g=nBs

g=niE

g=ndl

uk

uk

uk

uk

ukE

uk

ukE

uk

uE

uk

Enwziops -
ulimate

Envebops -
ulimate

Enwsbps -
ulimate

Enwvebpe -
ulimate

Enwsbpe -
ultimate

Enwvsiops -
ulimate

Enwsbpe -
ulbmate

Enwvzibps -
ulimate

Envebps -
ulimate

Enwvsbps -
ulimate

2019/2020

LC1- S&f weight 135
wind 0.3 150 i
constant boad 135
=now (3 075
waork+instd 1,06 <
tempemtire negative 0,20 [g=n=t
LC1 - S&if weight 135
=now 1.50
constant boad 135
work+inst1 1,05
tempeEire negative 0,50

C1 - S=F weight 135
SNOW 150 i
constant load 135
work+inst? 1.05
tempeEre negstive 090

C1- 52 weight 135
Snow 150
constant load 1,35 | | g=nsd
work+inst3 1.05
tEmMpeELIe negstive 090
LC1 - S&if weight 135
snow? (1) 150
constant boad 135
work+instl 1,05
tempemtire negative 050 LR
LC1 - S&f weight 1,35
snoa2 (1) 150

constant load 135
work+inst2 105
tempeEre negEtive 080

LC1- Saif weight 128 | g=ns6
snoa2 (1) 150

constsnt losd 136
work+inst3 1.05
tempeEire negstive 0,50

C1- S weight 135
constant load 1325
work+insti 1,08 | [@=nsE
snow2 (D) 150
tempeEtre negstive 090

LC1 - S&if weight 135
constant load 135

snow? (A 1,50
worksinst? 1.05 g=ndT
tempeEire negative [ ]

C1- Saf weight 1,35
constant load 135
snoK2 (2 1,50
work+inst2 1.05
tempeEtre negstive 0,50

ukE

LE

ukE

uk

uE

uk

uk

Enwvebpe -
ultimate

Enwsbpe -
ultimate

Enwvebpe -
ultimate

Enwvsbpe -
ultimate

Envebpe -
ultimate

Enwvzbpe -
ultimate

Envebpe -
ultimate

Enwvebpe -
ultimate

Antonio Perié

LC1 - 5 weight 1,00
wind 0.3 1,50
constant load 1,00
tempestre negstive 050
LC1 - 54 weight 135
= 150
wind 02 0,50
constant load 135
workinst 1 1,05
= Ehurs ithie 00D
LC1 - 54 weight 1,35
SO 150
wind 0.3 0,50
constant load 135
woirkinst 1 1,05
tempesre positive 00
LC1 - 5 weight 1,35
SO 150
wind 02 0,50
constant load 135
work+inst2 1,05
tempesure positve 0,00
LC1 - 5 weight 1,35
=0 150
wind 0.3 0,90
constant load 135
work#inst2 1,05
tempesture positve 0,00
LC1 - 54 weight 1,35
STV 150
wind 02 0,90
constant load 135
waork+instd 1,05
tempeEure positive 0D
LC1 - 52 weight 1,35
= 150
wind 0.3 0,90
constant load 135
work+instd 1,05
tempestre positve 0,00
LC1 - 5&f weight 1,35
snow? (1) 1.50
wind 02 0,50
constant load 135
woirkinst 1 1,05
tempesure positive 0,00
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g=nse

genil

genild

gsnids

uk

ukE

ukE

ukE

uk

ukE

uk

Envebps -
ulimste

Envsbps -
ulimste

Envebpe -
ulimate

Envebps -
ulimste

Envebps -
ulimste

Envebps -
ulimate

Envebps -
ulimste

Envsbps -
ulimste

Antonio Perié

2019/2020
LC1 - S weight 125] gsnidG
snow2 (1) 150
wind 0.3 050
constant boad 135
waorksinst 1,05
tempesture positive 000
LC1 - S weight 135] gsnidT
snowZ (1) 150
wind 02 0,50
constant boad 135
wark+inst2 1,05
tempemtire positive 0,00
LC1 - Saif weight 125] gsnidl
snow2 (1) 150
wind 0.2 080
constant boad 135
waorksinst? 105
tempesine positive 0,00
C1- 5= weight 1,25 genidd
snoaZ (1) 150
wind 02 050
constant boad 135
waork+instd 1,05
tempemture positive 000
LC1 - S weight 135 gsnlid
snowZ (1) 150
wind 0.3 0,50
constant boad 135
wark+instd 1,05
tempeEtre positve 000
LC1 - S&if weight 135( gsnlll
wind 02 050
constant load 135
waorksinst] 105
snow (2 150
tempesiure positive 0,00
LC1 - S weight 135| gsniiz
wind 0.2 0,90
constant load 135
waorksinst1 105
snoa2 {3 1,50
tempesture positive 000
LC1 - S weight 135| gsnlld
wind 02 050
constant load 135
snow2 (3 150
wark+inst? 1056
tempesre positive 000

ukE

ukE

=

LE

ukE

uE

uE

ukE

Emvebpe -
ultimate

Emvebpe -
ultimae

Emvebpe -
ultimae

Envebpe -
ultimate

Envebpe -
ultimate

Emvebpe -
ultmate

Envebps -
ultimat

Envebpe -
ultimate

LC1- S weight 1,35
wind 0.3 0,50
constant load 1,36
snow (3 1,50
work+instZ 1,08
tempeEtre postive 0,00
LC1 - S weight 1,35
wind 02 0,50
constant load 5
snow (3 1,50
work+instd 1,08
tempeEtre postive 0,00
LC1 - S weight 1,36
wind 0.3 0,50
constant load 1,36
snoaZ (2 1.5
waork+instd 1,05
tempestire positive 0,00
LC1 - S weight 1,
snow 0,78
wind 022 1,50
constant load 1.36
work+inst 1,05
tempestire positive 0,00
C1- 5 weight 1,36
Snow 0,75
wind 022 1,50
constant load 1,36
work+instZ 1,05
tempesture positive 0,00
C1- 5 weight 1,36
snow 0,75
wind 02 1,50
constant load 1,36
work+instd 1,06
tempestire positive 0,00
C1- 5 weight 1,36
oW 075
wind 0.3 1,50
constant load 1,36
work+inst 1,08
tempestire positive 0,00
LC1- S&f weight 1,36
Show 0,75
wind 0.3 1,50
constant load 1,36
waork+instZ 1,06
tempestre positive 0,00
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geniid

g=niis

g=nil?

g=nils

g=niz2i

ukE

uk

uE

ukE

uk

ukE

ukE

Envebps -
ultmste

Envebps -
ultimate

Envebpe -
ultimate

Envebpe -
ultmste

Envebps -
ultimate

Envebpe -
ultimate

Envebpe -
ultimste=

Envebps -
ultimat

2019/2020 Antonio Peri¢
C1- S weight 115 | g=niZ2 uE Envebps - LC1 - S&f weight 136
iy 0T ultmat wind 02 1.5
wind 0.3 1,50 Coimt loa Ls
constant koad 1.3 S D
work+instd 1,08 otkinet i D£

3 tempesture postive ;

%ﬁ:"e ai gsni23 ue SiEs C1- SaF weight 1,3
e i LA wind 02 150
wind 02 1.5 consan foal 12
canstant load 1.3 o ) L%
X T E worksinstd i i]
s i {Emosmte moste =
[EMOSED IS DS " gsni24 uls Envebpe - C1- S weight 1,36
LC1 - 5§ weight 136 ultmate wind 03 1.50
snow (1) 078 constant load 1,35
wnd 0.2 1% worksinst1 1.06
constant load 136 cnow? (2 0,75
work+inst2 1,06 tempesture postive 0,00
tempeshre positive 0,00 | gsnt2s uk Envebpe - LC1- Saif weight 1,35
C1- Scif weight 1,3 ultmate wind 0.3 1.5
snow (T 0,75 constant load 136
wind 02 150 =nowZ (2 0.7
constant load 135 work+instZ 106
weorkinstd 1,08 | tempeEtire postive 0,00
tempemture postive 0,00 | gsniz6 uE Envebpe - C1- 5= weight 136
C1- Scf weight 1,36 it wind 03 1.5
snowZ {1) 0.7 constant load 136
wind 0.3 150 R D5
e rereut sl 1,38 work+inst? 106
work+inst1 1,06 tempeEire posiive 0,00
= S S 000 g=ni27 uk Envebpe - LC1 - 5= weight 136
LC1- Se¥ weight 13 simse S —
=now (1) 0 ERER U L5
wind 03 1,50 g e— e
L 135 . tarrpalau._ra pgath'a 0,00
ot 105 gsnizg uE hElz;'ra_bga - C1- 5= weight 136
. = =L 1.5
M’EC_ : :‘;‘{re'ﬂ:'ﬂ:tue ':'i constant load 1%
= ; worksinst? 1.06
j:‘;‘e_a{;} a-‘; tarrpalah._ra pel:uat'n.'a 0,00
. g=niZs ukE Envebps - LC1 - 5= weight 1,36
constant load 136 ultmate S 1,50
work+inst 1,06 constant load 135
tempestre posiive 0,00 worksinstd 1.06
LC1 - Saif weight 135 tempemiire postive 0,00
wind 02 1.5 | gsnt30 uk Envebpe - LC1 - Sef weight 1,35
constant load 136 ultimae snow (1) 1.5
worksinst] 1,06 constant load 135
snow2 (2 0,75 work+inst] 1.06
| tempemture postve 0,00 tempemure posiive 0.00
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g1 uk Envelops - C1 - Self weight 136
ultimate snow2 (1) 150

constant load 1,35

work+inst2 105

tempemtie positive 0,00

g=n132 uk Emvelope - LC1 - Self weight 1.35
ultimate snow2 (1) 150

constant load 135

work+inst3 1,06

tempemtie positive 0,00

g=n133 uE Emvelope - C1 - Self weight 1,36
ultimate constant Ioad 135

work+instl 1,068

snow2 (2) 150

tempemte positive 0,00

g=n134 uk Emelope - C1 - Self weight 1,36
dliprziz constant oad 135

snow2 (2) 1,50

work+inst2 105

tempemte positive 000

gsn136 uk Emvelope - C1 - Self weight 135
alfirere constant load 135

snowz2 (2) 150

work+inst3 1,08

tempemiue positive 0,00

gsn4g uplifi2 | ub Emvelope - C1 - Self weight 1,00
s wind 9.3 150

constant load 1,00

tempemsture positive 0.00

Antonio Perié
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3.3.2 Serviceability limit states (SLS)

Combinations

Hame Description

Typ=

"Sident wersian’ "Shudent wersie! Siucent L

gsui =k
gsul sk
gsud sk
gt sk
gsub sk
gsud =1
gl sk

Envebps -
sanyiceshilty

Envebpe -
=sanyicashilty

Envebps -
sereicashilty

Envebps -
servicashilty

Envebps -
sarvicashilty

Enwvebps -
saryicashilty

Envebps -
sareicashilty

2019/2020
| =
Load cases Cooslt.
[
FElugent wevaion TSiudent weraicn Skt
LC1 - S weight 1,00
=now 1,00 g=u8
wind 0.2 0,80
constant load 1,00
waorksinst 070
tempeEre positive 080
C1- S weight 1,00
=now 100 gsutd
wind 0.3 0,80
constant load 1.00
waork+inst 070
tempemre positive 080
LC1 - 5 weight 1,00 2
Snow 00| 95¢
wind 02 080
constant load 1.00
worksinst2 070
tempemtre positive 080
LC1 - 5= weight 1,00
Smow 1,00 isdis
wind 0.3 0,80
constant boad 1,00
wark+inst? 070
tempestire positive 080
LC1 - S weight 1,00 gsuta
snow 1.00
wind 02 0,80
constant load 1,00
waork+instd 070
tempesture positive 0,80
LC1 - S weight 1,00 gsutd
Snow 1,00
wind 0.3 0,80
constant load 1,00
warksinstd 070
tempestire positiee 080
LC1 - 5= weight 1,00 gsuis
snoa (T} 1,00
wind 0.2 0,80
constant load 1,00
wark+inst 0,70
tempeEre positve 0.60

)

=k

=k

)

Envsbps -
servicesbiity

Linear -
==y cesbilty

Envebpe -
sanviceshilty

Envsbpe -
s=rv icasbilty

Envebpe -
senvicashilty

Envebpe -
s=mv ceabilty

Enwvebpe -
senvicesbilty

Envsbpe -
s=rv icasbilty

Antonio Perié

LC1- S weight 1,00
snow2 (1} 1,00
wind 0.3 0,60
constant load 1.00
work+inst 070
tempesture positive 060
LC1- S weight 1,00
snow2 (1) 1.00
wind 02 0,60
constant load 1,00
work+inst2 070
tempestire positive 060
LC1- S weight 1,00
snowZ (1) 1.00
wind 0.2 0,60
constant load 1,00
worksinst? 070
tempemtire positive 0,60
LC1- 5= weight 1,00
snowZ (1) 1,00
wind 02 0,60
constant load 1,00
worksinstd 0,70
tempemtre positive 080
LC1- S weight 1,00
snow? (1) 1.00
wind 0.3 060
constant load 1,00
work+inst3 070
tempestire positive 060
LC1- S&if weight 1,00
wind 02 0,60
constant load 1,00
work+inst1 070
snow? (3 1,00
tempestire positive 060

C1- S weight 1,00
wind 0.3 06D
constant load 1,00
work+inst1 070
snow? (3 1,00
tempesture positive 0,60

C1- Sef weight 1,00
wind 02 0,60
constant load 1,00
snowZ (3 1,00
waorkinst? 0,70
tempemtire positive 060
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C1 - S weight 1,00 | [g=u2¢
wind 0.3 0.80
constant load 1,00
snowZ (3 1,00
works+inst? 07
tempestire positie 080

C1- S weight 1,00 |g5uE
wind 02 080
constant load 1,00
snow? {3 1.00
workinstd 0710
tempemEtire positie 080

LC1 - S=F weinht 1,00 [gsuE
wind 0.3 0,80

constant load 1,00
snowZ (3 1,00
work+instd 07
tempemtire positive 08D

C1- SeF weight 1,00 [g=udm
ST 050
wind 02 1,00
constant load 1,00
workinst1 070
j= Eiure ithes 050

C1- S weight 1,00 [gsudE
STeow 0.50
wind 02 1,00
constant load 1,00
worksinstd 0,70
tempemEre positive 080

C1- S weight 1,00 | |gsu
STHOW 050
wind 02 1,00
constant load 1,00
work+instd 070
tEMpEENIre positive 0,50

C1- 5 weight 1,00 | |gsudd
SO 05D
wind 0.3 1,00
constant load 1,00
workinst 1 0,70
tempemEtre positive 080

C1- Sef weight 1,00 |gsu
=now 0.50
wind 0.3 1,00
constant load 1,00
workHinst? 070
ji= mhure ithes 080

sk

sk

sk

sk

Envebps -
sanizeabilty

Envziops -
sanvineabilty

Enwsbpe -
saniceabilty

Enwslope -
sarviceabily

Enwsbpe -
sanicaabily

Envsiops -
sanyineabilty

Envebpe -
sanyiceabily

Enwsibpe -
sanyineabilty

Antonio Perié

C1- 5= weight 1,00
Snow 050
wind 0.3 1,00
constant boad 1.00
work+instd (i)
tempestire positive Q80
LC1- S weight 1,00
snoaZ (1) 050
wind 02 1,00
constant boad 1,00
work+inst1 [ Wri+]
tempestine positive D80

C1- S weight 1,00
snoaZ (1) 050
wind 02 1,00
constant boad 1,00
work+instz [ ri+]
tempemEtie positive (]
LC1- S weight 1,00
snowZ (1) 050
wind 02 1,00
constant boad 1,00
work+inst2 070
tempeEtire positive 080
LC1- S weight 1,00
snoaZ (1) 0,50
wind 0.3 1,00
constant load 1,00
work+inst 070
tempemture positive 0,60

C1- 5= weight 1,00
snoaZ (1) 050
wind 0.3 1,00
constant boad 1,00
work+inst2 070
te Ehure ithee 0,80
LC1 - 5= weight 1,00
snoaZ (1) 0,50
wind 0.3 1,00
constant load 1,00
work+instd 0710
tempemture positive 060

C1- 5K weight 1,00
wind 02 1,00
constant load 1,00
work+inst1 a70
snonZ (3 050
tempemtire positive 060
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LC1 - S weight 100 | | gsudi
wind 02 1,00
constant losd 1,00
o2 {3 050
work+inst2 070
tempestire positiee 080
LC1- Sebf weight 100 |[#=U€
wind 02 1,00
constant load 1,00
snow?2 (2 0.50
work+instd (1]
tempemhire positive 060 | |gsudd
LC1- S weight 1,00
wind 0.3 1,00

constant losd 1,00
work+inst1 o070

snow2 (3 0,50 gsudd
tempestire positive 060

C1- 5 weight 1,00
wind 0.3 1,00
constant load 1,00
snow2 {2 050 | 45
workrinst2 oro| %
tempemtire positiee 0,80

LC1 - SF weight 1,00
wind 0.3 1,00

constant losd 1,00
=now2 (3 050 gsuds uplft
workHinstd 0,70
tempestire positive 060

LC1 - SF weight 1,00
snow 1,00 | |gsudd
constant losd 1,00
waork+inst1 o070
tempemtire positive 0,60

LC1- S weight 1,00
snow 1.00

constant load 1,00 gsudT
work+instZ 070
tempeEre positive 0,60

LC1- S weight 1,00
Snow 1.00

constant losd 1,00
work+instd [Hir]
tempemEhre positive 0,60 gsudd
LC1- S weight 1,00
snow2 (1) 1.00

constant losd 1,00
work+inst1 o070
tempemtire positive 080
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LC1- 5= weight 1,00
snow {T) 1,00
constant losd 1,00
work+instZ 0T
lempeEre positive Q8D
LC1- 5&F weight 1,00
snow2 (1) 1.00
constant oad 1,00
work+instd 070
tempeEture positive 0,60
LC1- 52 weight 1.0
constant load 100
workinst1 o710
snow {3 1.00
tempemsre positive Q8D
LC1- 5= weight 1,00
constant load 1,00
snowZ (2 1.00
work+instZ 070
tempeEture positive 06D
LC1- 5&F weight 1,00
constant load 1,00
snow? (3 1,00
work+instd 070
tempestire positive Q8D
LC1- 5=F weight 1,00
wind 0.3 1,00
constant load 1,00
= Sturs it Q8D
LC1- 5= weight 1,00
EMOW 1,00
wind 02 0,60
constant load 1.0
work+inst1 a70
tempestre negstive 0ED
LC1- 5=F weight 1,00
snow 1.00
wined 0.3 0,60
constant load 1,00
woirk+inst | 070
tempeEre negstive 050
LC1- 5=F weight 1,00
= 1,00
wind 02 0,60
constant load 100
wark+inst2 o70
tempestire negative Q8D
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LC1- 52F weight 1.00 | |gsusr
Snow 1,00
wined 0.3 0,50
constant load 1,00
work+inst 0,70
tempeshre negative 0,60
LC1 - S weight 1,00 | |gsutd
snow 1,00
wind 02 0,80
constant boad 1.00
work+instd 070
tempestre negative 080
LC1- 5=F weight 1.00| |gsumE
Snow 1,00
wind 0.3 0,80
constant boad 1,00
workHinstd 0,70
tempeshre negative 08D
LC1- 5=F weight 1,00 | |g=udd
snow2 (1) 1.00
wind 02 0,80
constant boad 1.00
work+inst1 070
tempesture negative 080
LC1- 5=F weight 1,00 | |gsusl
snow2 (1) 1.00
wind 0.3 0,60
constant boad 1,00
work+inst t 0,70
tempestre negative 080
LC1- 5=F weight 1,00 | |gsuiz
snow2 (1) 1.00
wind 02 0,60
constant boad 1,00
work+inst: 0,70
= Sture e 080
LC1- 5=F weight 1,00 | |gsudd
snow2 (1) 1,00
wind 0.3 0,50
constant load 1,00
workHnst? 0,70
tempestre negative 080
LC1- 5=F weight 1,00 |g=us4
snow2 (1) 1.00
wind 02 0,50
constant boad 1.00
work+instd 0,70
= Sture e 080

=k

sk

sk

=k

Envebps -
= 'I:B‘;E:lil‘y

Enwvsbps -
sary iceabilty

Envsbops -
senvicashilty

Envebps -
sar caahilty

Envebps -
ey icashilty

Enwsbps -
sany iceabilty

Envsbps -
sericashilty

Envebpe -
san icaabilty

Antonio Perié

LC1- S&if weight 1,00
snoa (1) 1,00
wind 0.3 0,50
constant load 1,00
worksinst3 070
tempestire negstive 050
LC1- SaF weight 1,00
wind 02 080
constant koad 1,00
work+inst1 070
SHON2 (2 1,00
EMpEELIE negative 080
LC1 - Sef weight 1,00
wind 0.3 0ed
constant load 1,00
work+inst1 070
snow (2 1,00
tempestre negstive 060
LC1- S&f weight 1,00
wind 02 050
constant load 1,00
snow (2 1,00
work+inst2 a7
tempestne negative 080
LC1- SeF weight 1,00
wind 0.3 080
constant koad 1,00
snoa2 (2 1.00
work+inst2 a7
tempestre negstive 060
LC1- S=F weight 1,00
wind 02 080
constant koad 1,00
snoa2 (3 1,00
work+inst3 aTh
tempemhre negstive 080

C1- Saf weight 1,00
wind 0.3 080
constant koad 1,00
snow2 (2 1,00
work+instd aTh
tempestre negstive 060
LC1- S&fF weight 1,00
SO 050
wind 02 1,00
constant koad 1,00
work+inst 1 L]
te shure s 08l
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C1 - 5= weight
snow
wind 0.2
constant boad
work+instZ

tempersture negstive

00
0.50
1,00
1,00
0,70
0,60

LC1 - 5= weight
snow

wind 0.2
constant boad
work+instd

temperstre negstive

1,00
0.50
1,00
1.00
0.7
080

C1 - 5= weight
Snow
wind -0.3
constant boad
workinst 1

tempersture negstive

1,00
0.50
1,00
1.00
07
080

LC1 - 5= weight
=t

wind -0.3

constant load
work+inst2
tempershre negstive

1,00
0.50
1,00
1.00
0/
0,60

LC1 - 5= weight
snow

wind 0.3
constant load
waork+instd

tempersture negstive

1,00
050
1,00
1.00
0,70
080

LC1 - 5= weight
snow2 (1)

wind 0.2

constant load
waork+inst 1
temperature negative

100
0,50
o
100
070
0,80

LC1- S weight
snow2 (1)

wind 0.2
constant load
waork+instZ

temperstire negstive

1,00
0.50
1,00
1.00
0,70
0,60

LC1 - S=if weight
snow2 (1)

wind 0.2
constant boad
work+instd

tempersture negstive

1,00
0.50
1,00
1,00
0,70
0.80

gsurd

gsuTd

o
n
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|

geuTs

gsuTE

gsuTs
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LC1- S5&f weight 1,00
smow2 (1) 0,50
wind -0.3 1,00
constant load 1,00
work+inst 1 0.7
tempersture negstive 080
LC1- S5&f weight 1,00
smow (1) 0,50
wind -0.3 1,00
constant load 1,00
work+instZ 0,70
tempersture negstive 080
LC1- S weight 1,00
smow2 (1) 0,50
wind -0.3 1,00
constant load 1,00
work+instd 0.7
temperature negative 080
LC1 - S weight 1,00
wind 0.2 1,00
constant load 1,00
waork+inst] om
smow2 (2 0,50
tempersture negstive 080
LC1- S weight 1,00
wind 0.2 1,00
constant load 1,00
snow (3 050
work+inst2 0.7
tempersiure negative 10,80
LC1- Saf weight 1,00
wind 0.2 1,00
constant load 1,00
snow2 (3 050
work+instd 0.7
tempersture negstive 060
LC1- Saf weight 1,00
wind 0.3 1,00
constant load 1,00
waork+inst1 om
smow2 (2 0,50
tempersture negstive 080
LC1- Saif weight 1,00
wind 0.3 1,00
constant load 1,00
snow (3 050
work+instZ 0.7/
tempersture negstive L]
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4. Calculation results

2019/2020 Antonio Peri¢

LC1 - Self weight 1,00
wind 0.3 1,00
constant load 1,00
snow2 {2 0.50
work+inst2 0.7
tempersture negative 0,50
LC1 - Self weight 1.00
SNOW 1.00
constant load 1,00
work+instl 0,7
tempersture negative 080
LC1 - Self weight 1.00
SNOoW 1,00
constant load 1,00
work+inst2 0,7
tempersture negative 080
LC1 - Self weight 1.00
SNOW 1,00
constant load 1.00
work+inst2 0.7
tempersture negative 080
LC1 - Self weight 1.00
snow2 {1) 1,00
constant load 1,00
work+instl 0.7
Hemesstue negalve 18 Moaiss sk Emvelope - |LC1- Self weight 1,00
LC1 - Self weight 1,00 seniceability
snow2 (1) 1,00 s Lol
constant load 1,00 snowZ (2 1,00
work+inst 0,70 work+inst2 070
tempersture negative 050 tempersture negative 080
LC1 - Self weight 1,00 | |g=us0 sk Emvelope - LC1 - Self weight 100
snow2 {1} 1.00 sendmeability constant load 1,00
constant load 1,00 snow2 (2) 100
::r:’:;l:?re negative gg — —

= S tempersture negative 050
LC1 - Self weight 1,00

g=udl upifil sk Emvelope - LC1 - Self weight 1,00

constant load 1.00 seniceability x
work+inst 0,70 wind 0.3 100
snow2 (2 1,00 constant load 1,00
tempersture negative 050 tempersture negative 060

4.1. Deformations of construction

4.1.1. Vertical displacement (roof displacement)

Maximum vertical displacement for roof is from combination ULS4

g=nd

ulz Envelope -
ultimate

SN0

LC1 - Seff weight

wind -0.3

constant Inad
work+nst2
temperature positive

1,35
1,50
0,0
135
1,05
0,90
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Figure 4.1. Vertical displacement u,

Vertical displacement: u,=37,4 mm

l 40000
Umax = m = W = 160,0 mm > 37,4 mm

4.1.2. Horizontal displacement (column displacement)

Maximum horizontal displacement for column is from combination SLS13

gsulld |sls Envelope - LC1 - Seff weight
serviceabilty wind 0.2

constant load
work+nst1

snowe (2)
temperature positive

1,00
0.50
1,00
0,70
1,00
0.50

19.4/q

Figure 4.2. Horizontal displacement ux

Antonio Perié
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Horizontal displacement: ux=19,4mm

[ 6000

300~ 300 =20,0mm > 19,4 mm

Umax =

4.1.3. Front sheating rail deflection

2019/2020

Antonio

Maximum deflection for front sheating rail is from combination ULS46

Peri¢

geuds | sl Envelope - LC1 - Seff weight 1,00
serviceabilty T 1,00
wind 0.2 0,60
constant Inad 1.00
work+nst1 0,70
temperature negative 0,60
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Figure 4.3. Front sheating rail deflection

Front sheating rail deflection: ux=9,2 mm

| 7885

300~ 300 = 26,28 mm > 9,2 mm

Umax =

4.1.4. Gable column deflection

Maximum deflection of all gable columns is from combination ULS46 uplift

glz Envelope -

serviceabiity

gsu4s uplift

LC1 - Sef weight
wind -0.3
constant load

temperature positive

1,00
1,00
1,00
0,60
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Figure 4.4. Gable column (HEA500) deflection
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Figure 4.5. Gable column (HEA340) deflection
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37,0 mm

2019/2020

46,67 mm > 42,6mm
40,6 mm > 37,0 mm

300
Member 2: Gable column (HEA340) deflection: u,

300

14000

12180

l
300
l

300

Member 1: Gable column (HEA340) deflection: u,=42,6 mm
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54,6 mm

55,27 mm > 54,6 mm

Figure 4.6. Gable column (HEA450) deflection
52,12 mm > 42,7 mm

300
Member 2: Gable column (HEA450) deflection: u,=42,7 mm
15636
300

16581

l
300
l

300

Maximum deflection of a sheating rail is from combination ULS25

Member 1: Gable column (HEA450) deflection: u,

4.1.5. Sheating rail deflection

um ax
um ax
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geu2s | =l= Envelope - LC1 - Seff weight 1,00
serviceabiity snow2 (1) 0,50
wind 0.2 1,00
constant load 1.00
work+nst 0,70
temperature positive 0,60
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Figure 4.7. Sheating rail deflection

Sheating rail deflection: u,=23,8 mm

_ 18000

Umax = ﬁ = m = 26,67 mm > 23,8 mm

4.1.6. Purlins deflection

- Maximum deflection of purlin (IPE360) is from combination ULS38

geudd sl Envelope - LC1 - Self weight 1,00
serviceabilty — 1.00

constant load 1,00

work+nst2 0,70

temperature positive 0,60
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Figure 4.8. Purlin (IPE360) deflection

Purlin (IPE360) deflection: uy=29,8 mm

18000
Umax = 3050 = 350

=32,0mm > 29,8 mm

- Maximum deflection of purlin (HEA220) is from combination ULS38

gsu3d

zls

Envelope -
serviceabilty

29.8

LC1 - Self weight
SN0w

constant load
work+nst2
temperature posiive

1,00
1,00
1,00
0,70
0,60

Antonio Perié
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e WL

Figure 4.9. Purlin (HEA220) deflection

Purlin (HEA220) deflection: uy=23,8 mm

_ 18000

Umax = % = ﬁ = 32,0mm > 23,8 mm

- Maximum deflection of purlin (HEA280) is from combination ULS45

gsu4s sls Envelope - LC1 - Self weight 1,00
serviceabilty | onetant lpad 1,00

snowZ (2) 1,00

work+nst3 0,70

temperature positive 0.60

51



Faculty of Civil Engineering,
Architecture and Geodesy

2019/2020

Figure 4.10. Purlin (HEA280) deflection

Purlin (HEA280) deflection: uy=18,0 mm

umax -

- Maximum deflection of purlin (HEA300) is from combination ULS18

[ 8000
300 250

=32,0mm > 18,0 mm

gsuld

zlz

Envelope -
serviceabity

LC1 - Self weight
wind -0.3

constant load
snowd (2}
work+nst3
temperature positive

1,00
0,60
1,00
1,00
0,70
0,60

Antonio Perié
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18,8 mm

Figure 4.11. Purlin (HEA300) deflection

ﬁ =32,0mm > 18,8 mm

8000

l

300

5.1 Gable column (HEAS500)

Purlin (HEA300) deflection: uy
5. Construction calculation
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Figure 5.1. Bending moment diagram (My)
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Figure 5.2. Bending moment diagram (Mz)
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Figure 5.3. Shear force diagram (Vz)
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Figure 5.4. Shear force diagram (Vy)

Figure 5.5. Axial force diagram (N)
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Relevant combination: ULS28

gsn28 [ 1.35*LCL + 0.75%snow2 (1) + 1.50%wind -0.3 +

1.35%constant load + 1.05%work+instl + 0.90%temperature

positive

End

N=-105,08 kN (compression)
My=0 kNm

Vz=89,99 kN

Mz=0 kNm

Vy=2,75 kN
- Classification of gable column (HEAS500)

¢ Outstand flanges
c
ZS9-£=9-0,92

b—ty,—2-r 300—-12-2-27

c= > > =117mm
117
>3 = 5,09 <8,28 => class1

e Internal compression parts

Antonio Perié

middle

N=-78,02 kN (compression)
My=401,88 kNm

Vz=18,85 kN

Mz= 11,34 kNm

Vy=4,70kN
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| _ Ngg _105,08-10% 2184
S ? Tt fra  12-275 oo
= c+z 390+ 31,84
ac = a, = > = > = 179,08mm
c | il =
= _% _17908 o
= =T 390
' - ' c_390_325< 396-¢ _ 396-0,92
t, 12 ~77 T13-a—1 13-046-—1
= 73,16

Cross section is in Class 2

1) Compression check

N
Ed <10
Nc,Rd
N B A -fy _ 19750-107%-275-103 — 543125 kN
T Ymo 10 T
10508 _ 0,02 < 1,0
5431,25 ' ’
2) Shear check for Vz
V,
Ed <10
VC,Rd
Ay, fy
V,Rd =Vl,Rd ==
‘ P Ymo - \/§

= Av for rolled I and H section is:

Ay=A—2-b-ty+ (t,+2-7) t; = 19750 — 230023 + (12 + 2 - 27) - 23
= 7468 mm?

4768 -1076-275-103
1,0-/3

Vpl,Rd = = 757,02 kN
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3) Uniform members in bending and axial compression

Ngq M,y gq M, Eq
+ k - +k, —<1,0 1
Xy* Ngi ry ] My,Rk vz MZ,Rk ( )
Ym1 Ty Ym1
NEd My Ed MZ Ed
+k - +k, ——<1,0 2
Xz Nexe % Myge " Myre @)
Ym1 LTy Ym1

A1 =939:-£=939-0,92 = 86,39

Npi = f, + A; = 275+ 10% - 19750 - 10~® = 5431,25 kN

My pie = f, - Wiy = 275103 - 3949 - 103 - 10~° = 1085,98 kNm

Myri = fy " Wy, = 275103 - 1059 - 103 - 10~° = 291,23 kNm

Y

Ly 117138 1

Areroy = = :
ety T, A4, 210 86,39

Areloy = 0,94

_ 1
CDy + \/CDZy - /127‘61,0,)/

Xy

@, =0,5(1+ a(Areroy — 0,2) + 2%1010)
Buckling curve
y-y ==a—-> a= 0,21

@, = 0,5(1 + 0,21(0,94 — 0,2) + 0,94%)

Ly, 13283 1

A = —_——
reloz Ty A 72,4 86,39
)‘rel,O,z =0,52
1
Xz

B, + 9%, — Prars,

@, = 0,5(1 + a(Areroz — 0,2) + A%1e10,2)
Buckling curve

z-z=>b-> a=0,34

@, = 0,5(1 + 0,34(0,52 — 0,2) + 0,522)

®, = 0,690
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@, =1,02

1
Xz =
Xy = 1 CDZ + \/(DZZ - /12rel,0,z
1,02 + /1,022 — 0,942
Xz =0,87
Xy =0,71
W, - f,

Areroir = 13\//Icry - W, =W,, - forclass 2

1

XLt =

D+ \/CDZLT — Ao
(DLT = 0,5(1 + 0((/17-31'0,”‘ - 0;2) + Azrel,O,LT)

— buckling curvea => o; = 0,21

n-JE-1,-G -1,

L

My = ler

2
o P
From table 456
=1,0

ky
k, = 1,0 - norestrain
k,, = 1,0 - should be taken because there are no special provision for warping restrain

C, =113 {g=0
C, = 0,46 G =0
C; = 0,53
o E-l, T 210000 - 5643000 - 10°
wt = L G-I, T 1,0 17138 80700 - 309,3 - 10*
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Kwe = 0,4

1,13
Hop = = (Vi+042) =122

" \/210000 +103-10370-10*-10-12-80700- 103 - 309,3 - 10* - 10~12

Mer = 1,22 17138

M,, = 521,41 kNm

_jwpl,y-fy_j3949-103-10-9-275-103
Arel,O,LT - =

M, 521,41
/1rel,0,LT = 1,44
@, = 0,5(1 + 0,21(1,44 — 0,2) + 1,442)
CDLT = 1,67
1
XLt

167 + /1,672 — 1,442

Xir =0,4

My Mz

| % *
fy]
ot 327,00 -6,87
% i ry
8k E

5 b

3 1 | 5
B Ms=401,88 MS‘“-E';':
(]
A
ad
& A > >

Figure 5.6. Bending moment diagrams for gable column
ky, = Cpny » My, > Ly, => Cpy =0,954+0,05-a, =0,95+0,05-0=0,95

ah=0
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Cmy = 0,95
Kpz = Cmg = My = Leyy => Copy = 0,6+ 0,40 =0,6+0,4-(—0,61) = 0,36 < 0,4

_ =687 _ 061
11,34

Cnz =04

Ngq Ngq
Coy | 1+ (Areroy — 0,2) T Nw <Cpny| 1+08 "o Ner
Ym1 Ym1
0,95-| 1+ (0,94 —0,2 78,02 <095-|1+0,8 78,02
' +(094-02) 57543725 | =0 + 08971543125
1,0 1,0
0,97 < 0,97
k

Ky, = 0,6 k,; = 0,604 = 0,24

kzy
_ 0,1- Arel,O,z . Ngq > 11— 0,1 ] Ngq
(Crnrr — 0,25) XZ : NRk N (Corr — 0,25) Xz~ Nk
Ym1
0,1-0,52 78,02 78,02
(0 99 — 025) 0,87 - 5431 25 (0 99 — 025) 0,87 - 5431,25
1,0
1,0<1,0
kzz
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Ngq Ngq

Cmz | 1+ (2" Arero, — 0,6) "o N | S Gmz| 1+ LA S~
Ym1 Ym1

04(1+(2-052-0,6 78,02 <04|1+14 78,02

A 142052 -006) Ggrezarys | < 04| 1+ L4 Goreaass

1,0 1,0

0,4 < 0,41

kyy = 0,97

ky, = 0,24

kyy = 1,0

k,, = 0,4

78,02 0,97 _ 20188 0,24 50=>= < 1,0 1
071-5431,25 ' 7' 108598 ' <" 29123 = M
1,0 ' 1,0 1,0
78,02 L. 40188 0q. L34 ,
087543125 ' 108598 ' " 29123 = @
1,0 ‘ 1,0 1,0
0,93 < 1,0 (1)
0,96 < 1,0 (2)

4) Buckling of uniform members in bending

i
Mpra = Xir " W)y - ——
M1

W, = Wy, — for class 2

Xxir = 0,4 — calculated in (3)
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= 04-3949-103 - 10-9 - 27510

Mb,Rd

1,0

434,39 kNm

Mb,Rd

401,88

= <
434,39 093 <10

5.2 Upper cord (CFCHS 168.3x6)

\1/

-

.F.,ﬂ

Figure 5.7. Bending moment diagram (My)
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Vz

Figure 5.8. Shear force diagram (Vz)

Mz

Figure 5.9. Bending moment diagram (Mz)
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Vy

Figure 5.10. Shear force diagram (Vy)

1

M\

iy

Figure 5.11. Axial force diagram (N)
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Relevant combination: ULS3

gsn3 / 1.35%LC1 + 1.50%snow + 1.35*constant load +
1.05%work+inst2

N=299,13 kN (compression)
My=-2,53 kNm

Vz=6,41 kN

Mz=-2,69 kNm

Vy=1,96 kN

- Classification of gable column (CFCHS 168.3x6)

e Section in bending and/or compression

d
—<50-¢&?
t
168.3
% = 28,05 < 42,32 class1
Cross section is in Class 1
1) Compression check
N
Ed <10
c,Rd
N B A-fy B 3,059-1073-275-103 — 94193 kN
c,Rd — )/MO - 1’0 - Y
29913 _ 0,36 < 1,0
841,23 ’

2) Bending moment check for My

Wy = 1,5812- 107 m?

M
Ed <10
Mc,Rd

Antonio Perié
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Wy - 1,5812-107%-275-103

M¢ra = My pa = vy fy = = 43,48 kN

YMmo 1,0
253 _ 0,1<1,0
43,48 ’
3) Bending moment check for Mz
Wy, = 1,5812 - 10~*m3
M
B < 1,0

Mc,Rd
Wy, - 1,5812-107%*-275-103

M rqa = My pa = vz " fy = = 43,48 kN

Ymo 1,0
269 _ 0,1<1,0
43,48 ’
4) Shear check for Vy
V,
B < 1,0

Vc,Rd
Ay, fy

Vera = Vpira = ——=

‘ P Ymo * V3

= Av for circular hollow section is:

_2-A_ 2-3,059-1073
B T B T

A, = 1,9474 - 1073 m?

L _19474-107°-27510°
plLRd — 1,0 ] \/§ - )

1,96
309,19

=001<10

5) Shear check for Vz
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Ay fy
Vera = Vprpa = —=
Yumo V3

= Av for circular hollow section is:

2-A _2-3,059-107° L
Ay =——= - =1,9474-1073 m

1,9474 -1073-275- 103

V. — = 309,19 kN
pLRd 1,03
641 _ 0,02<1,0

309,19 ’

6) Combined bending, axial force and shear force check
Mgq < My ra

Voira = 309,19 kN; Vgq = 6,38 — since the shear forces are less than half the plastic shear
resistance their effect on the moment resistance is neglected

A-fy _ 3,059-1073-275-103
Ymo 1PO

Npira = = 841,23 kN

Ngg = 299,13 kN

_ Nea 29913 _
" Noga 84123
1—n

Myyra = Mpiyra " 77— ——
WY pLYy, 1_015'aw

A—Z-b-t_3,059-10_3—2-168.3-10_?’-6-10_3

Gw =" 3.059-10-3
a, = 0,34

1-0,36
Muyra = 4348 7557057

MN,y,Rd = 33,53 kNm

[ My,Ed la n [ MZ,Ed lﬁ

My y ra My 2 ra
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[2,53]2+[2,69]2 <10
33,53 3353] — 7

001<10

2019/2020

Antonio Perié

7) Buckling of uniform members in compression

Ngq <10
Npra =~
X-A-f
Np ra :y—y
MO

A1 =939-£=939-092 = 86,39

Y

Loy 1 2642 1

A = —_———
vty T 4 57 86,39
Are]’o’y = 0, 54
1
Xy

- @), + /P2, — %1010y
@, = 0,5(1 + a(Areroy — 0,2) + 221e10y)
Buckling curve
y-y=>c— a=0,49
@, =0,5(1 +0,49(0,54 — 0,2) + 0,542)

@, = 0,73

Ly, 15284 1

A = -_—
reloz = A4 57 86,39
)‘rel,O,z =1,07
1
Xz

BN
@, =0,5(1 + a(Arey0, — 0,2) + A2e10,2)
Buckling curve
z-z=>c¢ - a =049
®, =0,5(1+0,49(1,07 — 0,2) + 1,07%)

®, =1,29
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1 1
Xy = Xz =
g 0,73 ++/0,73%2 — 0,542 ‘ 1,29 +4/1,29%2 — 1,072
Xy =0,82 Xz =0,50
0,82-3,059-1073-275-103
Np,ra = 0,5-3,059-107%-275- 103
1,0 N oo =
bRd = 1.0

Ny pay = 689,8 kN

Ny raz = 420,61 kN

299,13

420,61
8) Uniform members in bending and axial compression

=071<10

Ngq M,y gq M, Eq
—_—t kg —————+k,, ——<1,0 1
Xy* Ngi ry Yir- My,Rk vz MZ,Rk ( )
Ym1 Ty Ym1
Ngq My gq M, Eq
_—t k,, ———+4+k,, ——<1,0 2
Xz~ Ngi zy . My,Rk “ MZ,Rk ( )
Ym1 Xir Ym1 Ym1

Ngi = f - A; = 275-10° - 3,059 - 1073 = 841,23 kN
My gy = fy - Wpyy = 275 - 10%-1,5812-10* = 43,48 kNm

M,k = fy - Wy, = 43,48 kNm

Xy = 0,82

Arel,o,y = 0,54

Xz = 0,50

)\rel,O,Z = 1,07

xir = 1,0 — circular hollow section are not susceptible to torsional deformation
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L 2642 3 2642
I i
" Lcr,y W
Fal Il
LCFZ
o :
M, ’ i
-2,53 R -0,42 -1,83
\L/W
2,51 2,20
M:
2500 e -1,81
2,48

Figure 5.12. Bending moment diagrams for upper cord

kyy = Cmy = My = Loy => Cpy =0,1-08 a5 =0,1+08(—0,99) = 0,89 > 0,4
251

as = T,S?) =-0,99

_ —042

=—7=0,17
—2,53 ’

Cmy = 0,89

Kzz = Cmyg = My = Lgy => Gy = —0,8- a5 = —0,8-(—0,92) = 0,74 > 0,4

_-181 067
Y= -2,69 '
248 002
=269
C,., = 0,74
kYY

Ngq Ngq
Cony | 1+ (Arer0y — 0,2) T N <Cpny| 1+08 X N

Ym1 Ym1
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089-[14054-02) —22213 ) _0g9.[1408 2201 _
' +( ) 082-841.23 +08° 98284123
10 10
1,02 <12
k

yz

Ky, = 0,6 k,; =0,6°1,16 =07
Ky,

kyy = 0,6k, = 0,6-1,02 = 0,61

l{ZZ
Cmz| 1+ (Ayeoz — 0,2) - Nea )¢ (1408 D
mz rel,0,z ) )(Z . NRk —= Ymz ) - NRk
Ym1 Ym1
0,74 1+ (1,07 - 0,2 _29913 <074 1+0,8 29913
' +(107-02) 5557173 | =0 +08° 55784123
1,0 - 10
1,2 > 1,16
kyy = 1,02
ky, = 0,7
k,y = 0,61
k,, =1,16
__ 29913 1,02-—————+0,7 - /69 <1,0 1
0,82 - 841,23 +1 10. 43 25T 0 43 48 = (D
1,0 P10 1,0
299,13 061 2,53 +116. 2,69 <10 ,
0,50 - 841,23 +0, 10. 43, ag T 4348 = (2)
1,0 ~T1,00 1,0
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5.3 lower cord 1 (CFCHS 193.7x5)

v/

Figure 5.13. Bending moment diagram (My)

Antonio Perié
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Figure 5.15. Bending moment diagram (Mz)
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Figure 5.17. Axial force diagram (Vz)
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Relevant combination: ULS38

gsn38 [ 1.35%LC1 + 1.50%snow + 1.35%constant load +
1.05%work+inst2

N=-457,50 kN (compression)
My=-0,69 kNm

Vz=-0,25 kN

Mz= 0,01 kNm

Vy=0kN

- Classification of gable column (CFCHS 193.7x5)

e Section in bending and/or compression

d
— < 50-¢&?
t
193.7
= = 38,74 < 42,32 class1
Cross section is in Class 1
1) Compression check
N
Bd <10
c,Rd
N _A-fy_2,964-10‘3-275-103_8151kN
T Ymo 10 T
457,50 _ 0,56 < 1,0
8151 ’

2) Bending moment check for My
Wyiy = 1,7808-107* m?

Mgq4
Mc,Rd

<10

Antonio Perié
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Woiy fy _17808-107*-275-10° .

M rqa = My pa =

Ymo
069 _ 0,01 < 1,0
4897 ' ’

3) Shear check for Vz

\Y/
Ed < 1,0
Vc,Rd
Ay fy
Vera = Vprpa = —=
‘ P Ymo V3

= Av for circular hollow section is:

_2-A 2-2,964-1073

A, = 1,8869 - 1073 m?

T T

1,8869 -1073-275- 103

= 299,59 kN

V =
pLRd 1,03
025 _ 0,0<1,0
29959 ’

4) Combined bending, axial force and shear force check

Mgg < My Rra

Vp

A-f, 2964- 1073-275-103

N. =
pLRa YMmo 1,0

Nggq = 457,50 kN

Nea _ 457,50 _
n= = =0,
Nppa 8151

Myyra = Mpiyra " 77—
WY pLYy, 1_015'aw

= 815,1 kN

Antonio Perié

Lra = 299,59 kN; Vs = 0,38 - since the shear forces are less than half the plastic shear
resistance their effect on the moment resistance is neglected
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_A—Z-b-t_2,964-10‘3—2-193.7-10‘3-5-10_3
="y = 2,964 - 103
a,, = 0,35
M _ 48,97 L 056
NyRd = =571 _0,5-0,35

My yra = 26,12 kNm

[ My,Ed la n [ MZ,Ed lﬁ

My y ra My 2 ra

a=2,=2 - forcircular hollow section

[ 0,69

2
— z <
26,12] TloF =10

0,01<1,0

5) Buckling of uniform members in compression

N
Ed 1.0
Np ra

X'A'fy

Npra =
' Ymo

A1 =939:-£=939-0,92 = 86,39

Antonio Perié

Y Z
Ly 1 2511 1 Len, 1 5022 1
Arel,o,y = /1_ = 6_ r— Arel,o,z = —=. -
i, A 7 86,39 i 67 86,39
Areroy = 0,43 = 0,87
1 1
X = X =
g (Dy + \/(Dzy - Azrel,O,y ) e, + \/(DZZ - Azrel,o,z
(Dy — 0'5(1 + a(Arel,O,y — 0’2) + AZrel,O,y) ¢, = 0'5(1 + a(lrel,O,Z B 0'2) + /127‘61.0.2)
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Buckling curve Buckling curve
y-y=>c—- a=0,49 z-z=>c—- a =049

@, = 0,5(1 + 0,49(0,43 — 0,2) + 0,43%) | @, = 0,5(1 + 0,49(0,87 — 0,2) + 0,872)

®, = 0,649 ®, = 1,043
1 1
= X =
o 0,649 +/0,6492 — 0,432 " 1,043 +/1,0437 = 0,872
Xy =0,88 Xz =0,62

0,88-2,964 - 1073-275-103
Npra = 10

0,5-2,964 - 1073-275-103
Npra = 10

Nb,Rd,y = 717,29 kN

Nb,Rd,Z S 505,36 kN

457,5

505,36
6) Uniform members in bending and axial compression

=091<10

NEd My Ed MZ Ed
—_—t kg ————+k,, ——<1,0 1
Xy Ngx 7 Mype 7" Mg M
Ym1 LTy Ym1
Ngq My gq M, Eq
_—t k,, ———+4+k,, —<1,0 2
Xz~ Ngi zy . My,Rk “ MZ,Rk ( )
Ym1 Xir Ym1 Ym1

Npi = f, A = 275+ 10% - 2,964 - 1073 = 815,1 kN

My pic = f " Wy, = 275103 - 1,7808 - 10~* = 48,97kNm

M,k = fy - Wy, = 48,97 kNm

Ngq = 457,50 kN
My gq = —2,03 kNm
M, pq = 0,01 kNm

Xy = 0,88
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Areloy = 0,43

Xz = 0,62

Areoz = 0,87

xir = 1,0 — circular hollow section are not susceptible to torsional deformation

-2,03
069 11—
5 2,511 ’
7 7
i Lery i
7 7

Figure 5.18. Bending moment diagrams for lower cord

kyy = Cmy = My > Lepy => Cpy = 0,2+ 0,8 a; =0,2+0,8-0,58 = 0,66 > 0,4

_-117 058
=303
=% 034
- —-203
Crny = 0,66
kyy
Ngq Ngq
Coy | 1+ (Areroy — 0,2) T Nw <Cpny| 1+08 "o Ner
Ym1 Ym1
066-| 1+ (0,43 —-0,2 __457,50 <066:|1+08 __ 457,50
' +(043-02) 555157 | =0 +09 5888151
1,0 1,0
0,76 < 1,0
ky, = 0,76

ks =06k, = 060,76 = 0,46
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_ 45750 0,76  ————=—=<1,0 1
088 8151 © /0 ABIT = 1)

1,0 P10

45750 e 203 o ,

0628151 ' 0 4897 = (2)

1,0 P10
0,67 < 1,0 (1)
0,92 < 1,0 2)

5.4 Lower cord 2 (CFCHS 139.7x4)
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Figure 5.19. Bending moment diagram (My)
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Figure 5.20. Shear force diagram (Vz)
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Figure 5.21. Bending moment diagram (Mz)
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Figure 5.23. Axial force diagram (N)
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Relevant combination: ULS4

gsn4 / 1.35%LC1 + 1.50%snow + 1.35%constant load +
1.05%work+inst2

N=-177,75 kN (compression)
My=-0,28 kNm

Vz=-0,21 kN

Mz= 0,05 kNm

Vy= 0,04 kN

- Classification of gable column (CFCHS 139.7x4)

e Section in bending and/or compression

d
— < 50-¢?
t
139.7
7 = 34,85 < 42,32 class1
Cross section is in Class 1
1) Compression check

N

B <10

c,Rd
N B A-fy B 1,705-1073-275-103 — 46888 kN

T Ymo 10 o
177,75 _ 0,38 < 1,0
468,88 ’

2) Bending moment check for My

W,,, = 7,368-107>m3

pLy ’
M

Ed <10
Mc,Rd

W, - 7,368-107>-275-103

M¢ra = Mpira = vy fy = = 20,26 kN

Ymo 1'0

Antonio Perié
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028 _ 0,01 < 1,0
20,26 ’

3) Bending moment check for Mz

Wpy = 7,368 107> m3
M
Ed <10
Mc,Rd
. . -5, . 3
Myt = Moy vt = Wiy fy _ 7,368 - 10 275-10
YMO 1'0
006 _ 0,0 < 1,0
20,26 ’
4) Shear check for Vy
V,
Ed <10
Vc,Rd
Ay, fy
V,Rd =Vl,Rd ==
‘ P Ymo - \/§

= Av for circular hollow section is:

_2-A_2-1,705-1073

A, = 1,09 - 1073 m?
T T
v _ 1,09-1073-275-103 17306 kN
plLRd — 1,0 ] \/§ - ’
004 _ 0,0 < 1,0
173,06 ' ’
5) Shear check for Vz
A
Ed 21,0
c,Rd
Ay fy
Vera = Vprpa = —=
‘ P Ymo V3

= Av for circular hollow section is:

= 20,26 kN

Antonio Perié
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2-A_2-1,705-107° L
Ay =——= - =1,09-1073m

1,09-1073-275-103

% — = 173,06 kN
plL,Rd 1,0\/§
021 _ 0,0<1,0

173,06 ’

6) Combined bending, axial force and shear force check
Mgq < My ra

Vorra = 173,06 kN; Vgq = 0,0,21 - since the shear forces are less than half the plastic shear
resistance their effect on the moment resistance is neglected

A-fy _ 1,705-1073-275-103
Ymo 1PO

Npira = = 468,88kN

Ngq = 175,75 kN

Npa 175,75
Ny pa 468,388

n= = 0,37

1—n

My, =M —
,YV,Rd plL,y,Rd -
1-05-a,

_A—2-b-t 1,705-107%—2-139.7-107% - 4103
Gw =" 7 1705 -10-3

a,, = 0,34

1-0,37

Myyra = 20,26 -T2

MN,y,Rd = 15,38 kNm

[ My ga r 4 [ M gq r

My y,ra My ; ra

a=2,=2 — forcircular hollow section
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[0,28 ]2 [0,05

2
<
15,38 15,38] =10

0,0<1,0

2019/2020

Antonio Perié

7) Buckling of uniform members in compression

XAfy

Npra =
' Ymo

A1 =939-£=939-092 = 86,39

Y

Lyy 12511 1

Areroy = =—
retoy Ty, 1, 48 86,39

Areloy = 0,61

_ 1
CDy + \/CDZy - /127‘21,0,)/

Xy

@, =0,5(1 + a(Areroy — 0,2) + A21¢10y)
Buckling curve
y-y=>c—- a = 0,49
@, =0,5(1 +0,49(0,61 - 0,2) + 0,612)
o, =0,79

1
079440792 — 0,612

Xy

Xy =0,77

0,77-1,705-1073-275- 103
1,0

Npra =

Ly, 15022 1

A = =.
reloz T A 48 86,39

)‘rel,O,z = 1' 21

1
q)z + \/CDZZ - Azrel,o,z

Xz

@, =0,5(1 4 a(Arero, — 0,2) + A%1e10,2)
Buckling curve
z-z=>c— a =049

®, =0,5(1+0,49(1,21 — 0,2) + 1,21%)

®, = 1,48

1
Xz =
1,48 +/1,48%2 — 1,212

Xz =0,43

0,43-1,705-1073-275- 103
1,0

bRd =
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Nb,Rd,y = 361,03 kN

Ny raz = 201,62 kN

175,75
201,62

=087<10

8) Uniform members in bending and axial compression

NEd My Ed MZ Ed
—_—t kg ————+ 'k, ——<1,0 1
Xy Ngx Mype 7" Mg M
Ym1 LTy Ym1
Ngq My gq M, Eq
—_—tk,, ——+k,, ——<1,0 2
Xz~ Ngi zy . My,Rk “ MZ,Rk ( )
Ym1 Xir Ym1 Ym1

Np = fy - A = 275+ 10% - 1,705 - 1073 = 468,88 kN

My pic = f " Wy, = 275103 - 7,368 - 10~° = 20,26kNm

My ri = fy " Wy, = 20,26 kNm

Ngq = 175,75 kN
M, gy = —0,28 kNm
M, rq = 0,05 kNm

Xy = 0,77

Areloy = 0,61

Xz =043

)\rel,O,Z =1,21

xir = 1,0 - circular hollow section are not susceptible to torsional deformation
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e — s
#

LI
Lerz #
-0,28
0.
%\i\\;\:ﬂ,z&
-0,05
0,04

0,05

Figure 5.24. Bending moment diagrams for lower cord

Kyy = Cmy = My = Ly => Cpy =0,2+0,8 a;=0,2+0,80,54 = 0,63 > 0,4

=20 o5a
ST -0,28
_—028
- —0,28
Cmy = 0,63

Kzz = Cmy = My = Lgy => Cpy = —0,8-a5 =—0,8-(—1,0) = 0,8 > 0,4

_ 0,04 — 080
v 0,05
0,05
% =705 "
C,., =08
Kyy
Ngq Ngq
Cmy | 1+ (Areroy —0,2) 'm <Cmy| 1+08 'm
Ym1 Ym1
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063 140061-02)—2"> Vco63-[1408 227>
' +(0, ) 07726888 | = ¥ +0.8 977 26888
10 10
0,76 < 0,80
k

yz

ky, = 0,6 k,, =0,6-1,36 = 0,82
K,y

Kyy = 0,6 -k, = 0,6-0,76 = 0,46

kZZ
Ngg Ngg
Cmz | 1+ (Areroz — 0,2) TN | S Cme| 1408 —5—
Ym1 Ym1
08l 1+(1,21-0,2 __17575 <038(1+08 17575
81+, ) 04326888 | = 08| 1+ 08 5737753338
710 —— 10
1,50 > 1,36
kyy = 0,76
ky, = 0,82
k,, = 0,46
k,, = 1,36
_17575 076 - —————— 40,82 - 0,05 <1,0 1
0,77-468,88 0" 72026 ' °° 20,26 = (1)
1,0 ’ 1,0 1,0
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_17575 0,46 ————+ 1,36 55~ < 1,0 2
043-46888 ' "0 20,26 ' 0 2026 = (2)
1,0 1,0 1,0
0,50 < 1,0 (1)
0,88 < 1,0 (2)
5.5 Column grid (CFCHS 193.7x5)
My
s CiEt—{C 2 ~] |
f- 026 0.27
. 0,64
fO ~ A7 010
(6.5
.{,_——

Figure 5.25. Bending moment diagram (My)
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Figure 5.26. Shear force diagram (Vz)
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Figure 5.27. Bending moment diagram (Mz)
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Figure 5.28. Shear force diagram (Vy)
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Figure 5.29. Axial force diagram (N)
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Relevant combination: ULS14

gsnl4 [ 1.35"LC1 + 1.35%constant load + 1.05%work+instl
+ 1.50%snow2 (2) + 0.90%temperature positive

N=-499,55 kN (compression)
My=-1,07 kNm

Vz=-6,87 kN

Mz=-0,14 kNm

Vy=0,14 kN

- Classification of column grid(CFCHS 193.7x5)

e Section in bending and/or compression

d
— < 50-¢&?
t
193.7
= = 38,74 < 42,32 class1
Cross section is in Class 1
1) Compression check
N
Ed < 1,0
c¢,Rd
A -fy 2,964 -1073-275-103
Nepa = = = 815,1 kN
Ymo 1,0
199,55 _ 0,61<1,0
8151 ’

2) Bending moment check for My

Wy, = 1,7808 - 107* m?

Antonio Perié
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Wiy - 1,7808 - 107*- 275 - 103
M¢ra = My pa = vy fy = = 48,97 kN
YMmo 1,0
LO07 _ 0,02 < 1,0
48,97 ’
3) Bending moment check for Mz
Wpiy = 1,7808 - 10~* m3
M
Ed _ 10
Mc,Rd
Wy, - 1,7808-107%*-275-103
M¢ra = Mpypa = vz fy = = 48,97 kN
Ymo 1;0
014 = 0,003 < 1,0
48,97 ’
4) Shear check for Vy
V
B < 1,0
Vc,Rd
Ay, fy
Vera = Vprra = ——=
‘ P Ymo * V3

= Av for circular hollow section is:

_2-A 2-2,964-1073

A, = 1,8869 - 1073 m?
T T
v _ 1,8869 -1073-275-103 — 29959 kN
plLRd — 1,0 . \/§ - )
014 _ 0,0 < 1,0
299,59 ’
5) Shear check for Vz
\Y/
Ed <10
Vc,Rd
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Ay, - fy
Vera = Vprra = —— =
‘ P Ymo * V3

= Av for circular hollow section is:

_2-A 2-2,964-1073

A
v s s

= 1,8869 - 1073 m?

v ~1,8869 - 1073-275-103
plLRd — 1,0 ] \/§

= 299,59 kN

6,87
299,59

=002<10

6) Combined bending, axial force and shear force check
Mgq < My ra

Vorra = 299,59 kN; Vg = 0,38 — since the shear forces are less than half the plastic shear
resistance their effect on the moment resistance is neglected

A-fy _ 2,964 -1073:275-103
Ymo 1PO

Npl,Rd = = 815,1 kN

Ngq = 499,55 kN

Npa 499,55

Npira 8151

n= = 0,61

1—n

My, =M —
,Y,Rd pl,y,Rd -
1-05-a,

_A—2-b-t 2964-10—-2-193.7-1072-5- 103
Gw=""" 7 2.964-10-3

a,, = 0,35

1-0,61

M = 4897 ——
N.y.Rd 1-0,5-0,35

MN,y,Rd = 23,15kNm

[ My,Ed la n [ MZ,Ed lﬁ

My y ra My 2 ra
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a=2,=2 — forcircular hollow section

[ 1,07 ]2 [0,14

2
<
23,15 23,15] =10

0,001 <1,0

7) Buckling of uniform members in compression

Nea

Np ra

<10

XAfy

Npra =
' Ymo

A1 =939-£=939-092 = 86,39

Y Z

. _Lery 11000 1 1 _Lep 13000 1
koY T, A 67 86,39 relor T i A, 67 86,39
)‘rel,O,y =0,17<0,2 )\rel,O,z = 0,52
1
Xz =
CDz + \/(DZZ - /12rel,0,z
Xy =1,0 CDZ = 0,5(1 + a(/lrel,(),z - 0)2) + /127'61,0,2)
1,0-2,964-1073-275- 103 Buckling curve
b,Rd — 1.0

z-z=>c— a =049
Nb,Rd,y = 815,1 kN
@, =0,5(1+0,49(0,52 — 0,2) + 0,52?)

®, =071

1
Xz =
0,71 ++/0,712 — 0,522
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Xz =0,84

0,84-2,964-1073-275-103

b,Rd = 1.0

Nb,Rd,Z S 684,68 kN

499,55

684,68
8) Uniform members in bending and axial compression

=0,73<10

Ngq M,y gq M, Eq
—_—t kg ——————+k,, ——<1,0 1
Xy* Ngi ry Yir- My,Rk vz MZ,Rk ( )
Ym1 T vy Ym1
Ngq My gq M, Eq
—_—tk,, ——+4+k,, ———<1,0 2
Xz~ Ngi zy . My,Rk “ MZ,Rk ( )
Ym1 Xir Ym1 Ym1

Ngy = fy +A; =275-103-2,964-1073 = 815,1 kN
My gy = fy “Wyiy = 275-10%-1,7808-10"* = 48,97kNm
MZ,Rk = fy ' Wpl,Z = 48,97 kNm

Ngg = 499,55 kN
My gq = —7,94kNm
M, pq = 0,76 kNm

Xy =10

Areloy = 0,17

Xz = 0,84

Areroz = 0,52

xir = 1,0 - circular hollow section are not susceptible to torsional deformation
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7,94
X X% XK
- ‘ = 451 0,03
S 1,07
) ] 0,40
-l
0,76
N N
N N 0,03

Figure 5.30. Bending moment diagrams for column grid

Kyy = Cmy = My = Ly => Cpy = 0,6 +0,4-a; = 0,6 +0,4-0,13 = 0,65 > 0,4

=2 013
V= 7,94 "

Cmy = 0,65

Kzz = Cmy = My = Lgyy => Cpy =0,940,1-a, =0,9+0,1-0,04 =09

Ngq Ngq
Coy | 1+ (Arer0y — 0,2) %o Ner <Cpny| 1+08 %o Ner
Ym1 Ym1
0,65-| 1+ (0,17 —0,2 _49995 <065-|1+0,8 _ 49995
' +(017-02) 15557 | =0 + 08 1978151
1,0 1,0

0,64 < 0,97
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kyy = 0,64
Ky,
Ky, = 0,6 kyy = 0,6- 1,11 = 0,67
Ky
Kyy = 0,6 - kyy = 0,6 0,64 = 0,38
kzz
Ngg
Crz| 14+ (Areo — 0,2) ' Nee
Ym1
09| 1+ (0,52-0,2 _ 49995
A1 1+052-02) garg157
10
111 < 1,43
kyy = 0,64
kyy = 0,67
k,, = 0,38
k,, =111
49995 7,
108151 '« 0 A48T T
~—10 0 =05
49995 7
0848151 ' 0 4897 "
10 0 o5
0,73 < 1,0 D
0,81 < 1,0 @)

2019/2020

<09(1+08 084 8151

0,67

Antonio Perié

(2)
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5.6 Horizontal cord (CFCHS 60.3x5)

m§¥¢>;ba 2/
O TR
SR /S

mﬁqwﬁb ™Y

V

Figure 5.31. Axial force diagram (N)

AVA\77/
KA

NV TATAVS

Relevant combination: ULS11

snow?2 (1) + 1.35*constant load

gsnll f1.357LC1 + 1.50%
+ 1.05%work+inst3

=-112,58 kN (compression)

N

My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0 kN

Classification of gable column (CFCHS 60.3x5)

Section in bending and/or compression
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d
—<50-¢&2
t
60,3
" =12,06 <42,32 class1
Cross section is in Class 1
1) Compression check
N
Ed 1.0
Nc,Rd
A-f, 869-107*-275-103
Nepa = = = 238,98 kN
Ymo 1,0
11258 _ 0,47 < 1,0
238,98 ’
1) Buckling of uniform members in compression
N
Ed _ 1.0
Np,ra
XA f
Npra = ~—=
Ymo

A1 =939:-¢=939-0,92 = 86,39

Antonio Perié
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,872

-0

,043
,62

0

1
=076<10

49(0,87 — 0,2) + 0,872)
y

2019/2020

X

)

Py

1,043 +/1,0432
Npray = 148,16 kN

0,5(1 + a(Areroy — 0,2) + 2% e10)
112,58
148,16

0,5(1+0

Xy =

y

(Dy
@
0,620,869 1073+ 275 - 10°
1,0

5.7 Horizontal grid 2 (CFCHS 76.1x5)

Faculty of Civil Engineering,

Architecture and Geodesy
Buckling curve
y-y=>c—- a =049

Nb,Rd

74
aﬁww mﬁ'/dbwﬂ
AN

¥ Za\

D
WA /\ 7 Y
X b_\_w.._ .’-&%"' 2 %5 >

1 _..-.‘ __.'rlmuﬂv " 7 Y ..- ‘u
e NN

7]

Figure 5.32. Axial force diagram (N)
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Relevant combination: ULS46 uplift

gsn46 uplift / LC1 + 1.50%wind -0.3 + constant load +
0.90"temperature positive

N=-125,16 kN (compression)
My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0kN

- Classification of gable column (CFCHS 76.1x5)

e Section in bending and/or compression

d
—<50-¢?
t
76,1
= = 15,22 <42,32 class1
Cross section is in Class 1
2) Compression check
N
B <10
Nc,Rd
N = A-fy _1,1170- 1073-275-103 — 307 18kN
T Ymo 10 Y
12516 _ 0,41 < 1,0
307,18 ’
2) Buckling of uniform members in compression
N,
P4 <10
Np,ra

Antonio Perié
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X'A'fy

Npra =
' Ymo

A1 =939-£=939-092 = 86,39

Ly 1 1500 1

A 25 8639

/1rel,0,y = ;
y

Areloy = 0,69

_ 1
CDy + ,\/(Dzy - /127‘61,0,)/

Xy

@, = 0,5(1 + a(Areroy — 0,2) + 221e10y)
Buckling curve
y-y=>c—- a =049
®, = 0,5(1 4 0,49(0,69 — 0,2) + 0,69%)
®, = 0,86

1
0,86 + /0,867 — 0,692

Xy

Xy =0,73

0,73-1,117 - 1073-275-103
Npra = 10

Nb,Rd,y = 224,24’ kN

125,16
224,24

=056<10

105



Faculty of Civil Engineering,
Architecture and Geodesy

Antonio Perié

2019/2020

5.8 Vertikal cord (CFCHS 60.3x3)
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Figure 5.33. Axial force diagram (N)

Relevant combination; ULS4

gsn4 [ 1.35%LC1 + 1.50%snow + 1.35%constant load +

1.05%work+inst2

71,23 kN (compression)

N= -

=0 kNm

My

Vz=-0 kN

Mz= 0 kNm

=0 kN

Vy

Classification of gable column (CFCHS 60.3x3)
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Cross section is in Class 1

3) Compression check

N
Ed 10
Nc,Rd
N _A-fy_5,4-10‘4-275-103_1485kN
e 10 o
23 048 < 1,0
1485 ’
3) Buckling of uniform members in compression
N,
<10
Np ra
XA
Ny ra = —
Ymo

A1 =939:-£=939-0,92 = 86,39

Antonio Perié

lrel,o,y == 0, 97

1

Xy =
Dy, + /P2, — A0y

Buckling curve

y-y=>c—- a =049

CDy = 0,5(1 + a(/‘{rel‘o,y - 0:2) + Azrel,O,y)
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1,162 — 0,972
<10

®, =116
Xy =0,56

2019/2020

Ny ray = 83,16 kN

1,16 +
71,23 _ 0.86
83,16

&, =0,5(1 + 0,49(0,97 — 0,2) + 0,97%)
Xy =

1,0

0,56-0,54-1073-275- 103

Nb,Rd

5.9 diagonal cord (CFCHS 88.9x6)

Faculty of Civil Engineering,
Architecture and Geodesy
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Figure 5.34. Axial force diagram (N)
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Relevant combination: ULS37

gsn37 [/ 1.33*LC1 + 1.50%snow + 1.35%constant load +
1.05"work+instl

N=-162,22 kN (compression)
My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0 kN

- Classification of gable column (CFCHS 88.9x6)

e Section in bending and/or compression

d
— < 50-¢&?
t
88,9
wE = 14,81 <42,32 class1
Cross section is in Class 1
4) Compression check
N
Ed < 1,0
Nc,Rd
A-f, 1,563- 1073-275-103
N¢pa = = = 429,83kN
Ymo 1,0
162,22 _ 0,38 < 1,0
429,83 ’
4) Buckling of uniform members in compression
N,
B4 <10
Np ra

Antonio Perié

109



Faculty of Civil Engineering,

Architecture and Geodesy 2019/2020 Antonio Peri¢
X . A . fy
Nppg = ——
bikd YMmo
A4 =939-£=939-092 = 86,39
Y
3 _Lyy 13073 1
Tty T 4 29 86,39
Aretoy = 1,23
1

Xy =
D), + /P2, — 1010y

@, = 0,5(1 + a(Areroy — 0,2) + 221e10y)
Buckling curve
y-y=>c—- a =049
®, =0,5(1+0,49(1,23 — 0,2) + 1,23%)

@, =151

1
X =
Y151+ /151% — 1,232

Xy =0,42

0,42-1,563-1073-275-103
Nb,Rd = 10

Nb,Rd,y = 180,53 kN

162,22

= <
180,53 090 =10

110



Antonio Perié

2019/2020

5.10 diagonal of upper cord (CFCHS 101.6x5)

Faculty of Civil Engineering,
Architecture and Geodesy

{J
Kih 7

YANAN.
X

AR 2
Sl
EA/ASA ‘ I

S

IRV, T4V =

111

Figure 5.35. Axial force diagram (N)

Classification of gable column (CFCHS 101.6x5)

Section in bending and/or compression

0 kNm
-0 kN
[ )

gsn38 [ 1.35*LC1 + 1.50%snow + 1.35%constant load +

Relevant combination: ULS38
1.05%work+inst2

N=-161,97 kN (compression)
Mz= 0 kNm
Vy=0kN

My
Vz
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d
—<50-¢?
t

101.6
= =20,32<42,32 class1

Cross section is in Class 1

5) Compression check

Ngg

Nc,Rd

<10

A-f, 1517- 1073-275-103

=417,18N
Ymo 1PO

Nc,Rd =

161,97
417,18

=039<10

5) Buckling of uniform members in compression

N
Ed 1.0
Np ra

X'A'fy

Npra =
' Ymo

A1 =939:-¢=939-0,92 = 86,39

Antonio Perié

Loy 1 3038 1

A = R
Tty T A4 34 86,39

Areroy = 1,03

1
Dy, + /P2, — 221010,y

Xy

®, = 0,5(1 + a(Areroy — 0,2) + 42110y)
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Buckling curve

y-y=>c—- a = 0,49

032)

)

2)+1

&, =0,5(1+0,49(1,03 - 0,

@, = 1,23

1,232 — 1,032

1,23 +

Xy =

Xy =0,53

0,53-1,517-107%-275- 103

1,0

Nb,Rd

Ny ray = 221,10 kN

=0,73<10
10

161,97
221,

5.11 Inside bars of column (CFCHS 88.9x5)

Figure 5.36. Axial force diagram (N)

NV
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Relevant combination: ULS14

gsnl4 [ 1.35%LC1 + 0.90%wind -0.3 + 1.35%constant load +
1.05%work+instl + 0.90%temperature positive

N=-175,69 kN (compression)
My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0kN

- Classification of gable column (CFCHS 88.9x5)

e Section in bending and/or compression

d
—<50-¢?
t
88,9
——=17,78 < 42,32 class1
Cross section is in Class 1
6) Compression check
N
B <10
Nc,Rd
N = A-f, 1,318- 1073-275-103 — 362 45N
e L0 S
17569 _ 0,48 < 1,0
362,45 ’
6) Buckling of uniform members in compression
N
P4 <10
Ny ra
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XA f
Npra = —
Ymo

A1 =939-£=939-092 = 86,39

lrel,O,y = O, 58

_ 1
(Dy + ,\/(Dzy - /127'61,0,3/

Xy

(Dy = 0,5(1 + a(/lrel'()'y - 0)2) + /12rel,0,y)

Buckling curve

y-y=>c—- a =049

®, = 0,5(1 + 0,49(0,58 — 0,2) + 0,58%)

@, = 0,76

1
0,76 + /0,762 — 0,582

Xy

Xy =0,80

0,80-1,318- 1073-275-103
Npra = 10

Nb,Rd,y S 289,96 kN

175,69

= <
289,96 061<10
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5.12 Bracing 1 (CFCHS 168.3x8)

Figure 5.37. Axial force diagram (N)

Relevant combination: ULS128

gsni128 [ 1.35%LC1 + 1.50%snow + 1.35%constant load +
1.05%work-+inst2

N=-208,68 kN (compression)
My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0 kN

- Classification of gable column (CFCHS 168.3x8)

e Section in bending and/or compression

~ |
IA
ul
(@)
(30}
N
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168.3
—5 = 21,04 < 42,32 class 1

Cross section is in Class 1

1) Compression check

Ngg

Nc,Rd

<10

A -fy _ 4,029-1072-275-103
Ymo 1,0

N, pa = = 1107,98N

208,68

m S 0,19 < 1,0

2) Buckling of uniform members in compression

Nea

Np ra

<10

XAfy

Npra =
' Ymo

A1 =939:-£=939-0,92 = 86,39

Y

Lyy 19584 1

i, 4 57 8639

Arel,o,y =

)\.rel,o'y - 1, 95

_ 1
CDy + ,\/(Dzy - /127‘21,0,)/

Xy

(Dy = 0,5(1 + a(ﬂ.rel,o,y - 0;2) + /12rel,0,y)

Buckling curve
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y-y=>c—- a =049
@, = 0,5(1 4+ 0,49(1,95 - 0,2) + 1,95%)
®, = 2,83

1
283 +./2832 — 1952

Xy

Xy =0,20

0,20-4,029-1073-275-103
b,Rd = 1.0

Ny ray = 221,60kN

208,68

_ — <
221,60 0,94 <10

5.13 Bracing 2 (CFCHS 152.4x5)

Figure 5.38. Axial force diagram (N)
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Relevant combination: ULS46- uplift2

gsn46 uplift2 / LC1 + 1.50%wind -0.3 + constant load

N=-85,00 kN (compression)
My=0 kNm

Vz=-0 kN

Mz= 0 kNm

Vy=0 kN

- Classification of gable column (CFCHS 152.4x5)

e Section in bending and/or compression

d
— < 50-¢&?
t
152.4
= = 30,48 < 42,32 class1
Cross section is in Class 1
1) Compression check
N
Ed 1.0
Nc,Rd
N B A-fy _ 2,315-1073-275-103 — 636.63N
T Ymo 10 S
85 =0,13<1,0
636,63 ’

2) Buckling of uniform members in compression
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N
£ <10
Np ra

XAfy

Npra =
' Ymo

A1 =939:-£=939-0,92 = 86,39

Antonio Perié

Y

Arel,O,y =

Areloy = 2,13

_ 1
CDy + ,\/(Dzy - /127‘61,0,)/

Xy

Buckling curve

y-y=>c—- a = 0,49

@, = 3,24

1

Lery 19584 1
i, A4 52 8639

(Dy = 0,5(1 + a(ﬂ.rel,o,y - 0;2) + /12rel,0,y)

@, = 0,5(1 + 0,49(2,13 — 0,2) + 2,132)

X =
Y 324 +./324% — 2,132
Xy =0,18

0,18-2,315-1073-275-103
b,Rd = 10

Ny ray = 114,59kN

85,0
114,59

=074<10
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6. Joints calculation

6.1 Column grid — foundation joint

DETAIL ,,A*

- Design dimensions of foundation

- C25/30

a; = min(3-ay, ag+ h,a, ) = (3-420,420 + 800,1200) = 1200 mm
b, = min(3 - by, by + b, b, ) = (3 - 400,400 + 800,1200) = 1200 mm

- Stress concentracion factor

o |@bi_ [1200-1200
77 lag by . 420-400

- Design strength of concrete y, = 1,5

k; 2 29325
I =5 = 32,56 MPa

Ye 1,5

| fia 275
= t,- =25 | =4146
TR 3 332,56 o

fia =

LY}

b
k=
~J

4
I
d

193.7

5445

le

Antonio Perié
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Figure 6.1. Representation of effective area

(193,7 + 41,46)2  (193,7 + 41,46)2
Aggp=1" 7 - 7 +2-41,46-61,7+ 2"

2
= 30843,19 mm?

Nig = Aess * fia = 30843,19- 33,33 1073 = 1028,00 kN > Ny, = 272,81kN

- Shear strength
V =12583 kN
Shear stopper design: SHS 150x150x6
Ay~ 1708,3 mm?
Wopiy= 184000 mm?
Assessment

The transmission of horizontal forces can only be considered in contact with concrete of
foundation. The necessary length of the shear stopper can be obtained by the following
relation:

Fyea 12583 -10°

h > = = 50,33 mm
Ye 15
h=55 mm
Shear
Ay, fy 17083275
Vra = = 271,23 kN > Vg4 = 125,83 kN

- ‘/§'VMO - V3-1,0
0,5-Vgq =0,5-271,33 = 135,62 kN > Vg; = 125,83 kN

Bending

My g = Wiy * fya = 184000 - 275 = 50,6 - 10® Nmm = 50,6 kNm

55
Mppg > Mgq = Fypq e = 125,83 103 - (40 + 7) = 8.49-10° Nmm = 8,49 kNm

50,6 kNm > 8,49 kNm — shear stopper will satisfied

41,46 - 12
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- Welded connection of the stopper to the plate

2 1

Figure 6.2. representation of welded area

I, = moment of inertia of the weld

For SHS

[ =2 . 1553.54 042 —155-5% + 2(155-5) (155)2
w12 12 2

I, = 12,42 - 106 mm*

Assessment in point 1

 fora _ 12583-10°

= = 99,87 MP
e 1T 25126 4
55
. 3. i
1 Fugce 1 1258310 (40+3)
LTSS T T 12,42 - 10°
Z 126
2

T, =0, =30,46MPCI

Vo2 +3- (1,2 4+ 142) = /30,462 + 3 - (30,462 + 99,872) = 183,39 MPa

fu 430
Bw:VYuz 085-1,25

= 404,71 MPa

183,39 MPa < 404,71 MPa
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fu'09 430-09
Ymz 1,25

o, = 30,46 MPa < = 309,6 MPa

Assessment in point 2

T”:OMPa
| Fypg-e 1 12583-10°-(40+3)
t =g = ivEee 1 2/ _ 38,68 MPa
LTS E T L, /2 12,42 10° ’
Z2 160
2

Vo2 +3- (1,24 1,2) = /38,682 + 3 (38,682 + 02) = 77,36 MPa

77,36 MPa < fu = 430 = 404,71 MP
’ TSV Bu 125-085 @
fu0,9 430-09
0, = 38,68 MPa < = = 309,6 MPa
)/MZ 1;25
6.2 Upper cord connection
DETAIL , B
- Resistance of the weld
\/O-J_2+3'(TJ_2+T112)S fu
Bw * Vm2
-0,9
o, < fu
Ym2
B B 1 Ngg B 1 224960 6017 MP
e s e 1T Y2 5-1683 -1 ¢
fu 430

\/60,172 +3-(60,172 + 0%2) = 120,34 MPa <

Varz - B 1,25-0,85

Antonio Perié

= 404,71 MPa
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fur09 430-09

= 60,17 MPa <
9L . 125

= 309,6 MPa

- Tension resistance for T-stub

330

) 350 )

Figure 6.3. representation of plate with bolts

1) Method 1
4 My 1Ra
FT,l,Rd = +

Mpi1ra = 0,25 Zloppq " te® £, /Vimo

168,3
Sloppp =27 (0,8 -5VZ + T)

Zleff,l = 564,27mm

564,27
leff,l = = 94,05mm
0,25:94,05-1073-20%-107%-275-103
Fripa =4- 10-45-10-3 = 229,9 kN

6
E - FT,l,Rd = 689,7 kN

Antonio Perié
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2) Method 2

2- Mpl,Z,Rd ' ZFt,Rd
m+n

Frora =

n = enin = 40mm

Mpi2ra = 0,25 Zlopra -t £, /Yo

Zleff,z = 564,27mm
564,27

leff,Z = = 94’,05mm

Antonio Perié

0,25 564,27 - 1072 - 202 - 1076 - 275 - 10°/, /4401073 90,4 6

Fropa =2-
= 2299 kN

FT,Z,Rd = 620,36 kN

F 620,36
T';'Rd = ——=310,18kN

3) Method 3

Fr3ra = 2Fprqg = 6°90,4 = 542,4 kN

minFT'i'Rd = FT,Z,Rd = 310,18 kN > NEd = 224,96 kN

- Resistance of bolts in tension

Figa

<10
t.Rd

Fira = 90,4 kN — tension resistance of 1 bolt

45-10734+40-1073
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224,96 ]
tEd = = 37,49 kN - tension force for one bolt
Pora _ 3749 _ 041 < 1,0 satisfied
Fona =504 ,0 satisfie
- Combined tension and shear
Fv,Ed Ft,Ed

<1,0
Fyra 1,4 Fipa

Fira = 90,4 kKN - tensionresistance of 1 bolt

224,96

Figa = = 37,49 kN — tension force for one bolt

Fyra = 77,2 kN — shear resistance of 1 bolt
Fypa = ? = 0,33 kN — shear force for one bolt

O,33+ 37,49
77,2  1,4-90,4

=030<10

6.3 Lower cord connection

DETAIL ,,C*

- Resistance of the weld

fu

02+3- (1 2+1,2)—m
Jou L 11 B Yo

-0,9
O'J_Sfu

Ym2
L N1 81980
e S e 1T 2 5-1397 1 ¢

Antonio Perié
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fu 430
Ymz - Bw 1,25:0,85

\/26,422 + 3-(26,422 + 02) = 52,84 MPa <

= 404,71 MPa

f,-09 430-09

= 26,42 MPa < =
oL S T 1,25

= 309,6 MPa

- Tension resistance for T-stub

330

) 330 )

7 A

Figure 6.4. representation of plate with bolts

1) Method 1
4 My 1Ra
FT,l,Rd = +

Mpi1ra = 0,25 Zlopr -t £, /Yo

139,7)

Sloppp =27 (0,8 52+ ———

Zleff,l = 474,42mm
564,27

leff,l = = 118,61 mm

0,25-118,61-1073-202-107°- 275 - 10°
Fripra = 4" 10-50-10-3 = 260,94 kN
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4
E - FT,l,Rd = 521,88kN

2) Method 2

2- Mpl,Z,Rd ' ZFt,Rd
m+n

Frora =

n = enin = 40mm

m = 50mm

Mpi2ra = 0,25 Zlopro te® - £, /Yo

Zlorrn = 474,42 mm
474,42

leff,Z = = 118,61 mm

Antonio Perié

0,25 - 474,42 - 1072 - 202 - 107° - 275 - 10°/, '+ 401073 -90,4 - 4

FT,Z,Rd =2
= 450,63 kN

FT,Z,Rd = 4‘50,63 kN

Fropa _ 450,63
2 2

= 225,32 kN

3) Method 3

Fraga = 2Firg = 4+ 90,4 = 361,6 kN

minFT'i'Rd = FT,Z,Rd = 225,32 kN > NEd = 81,98 kN

40-10"3+4+50-1073
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- Resistance of bolts in tension

Figa

<1,0
Ft,ra

Fira = 90,4 kN — tension resistance of 1 bolt

81,98 )
Figa = - 20,5 kN - tension force for one bolt
Fopa _ 2950 _ 05 < 1,0 satisfied
Fona =504 ,0 satisfie

- Combined tension and shear

F. F,
v,Ed + t,Ed < 1,0
Fv,Rd 1,4- Ft,Rd

Fira = 90,4 kN — tension resistance of 1 bolt

81,98
Figa = - 20,50 kN - tension force for one bolt

Fyra = 77,2 kN — shear resistance of 1 bolt

Fypa = 'T = 0,06 kN — shear force for one bolt

0,06+ 20,50
77,2  1,4-90,4

=0,16<1,0

6.4 Diagonal cord connection

DETAIL ,,.D*

- Resistance of the weld

\/O'J_2+3'(T_L2+T”2) Sﬁf—u)/M
w 2

Antonio Perié
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-0,9
oL Sfu
Ym2
1 Ngg 1 64570 _ 3270 MP
e TS el V2 58891 O~ “

fu 430
Yuz " Bw  1,25-0,85

/32,702 + 3-(32,70% + 02) = 65,4 MPa < = 404,71 MPa

fu:09 _ 430-0,9
Ym2 B 1,25

o, = 32,7 MPa < = 309,6 MPa

- Tension resistance for T-stub

Figure 6.5. representation of plate with bolts

4) Method 1
4 My 1Ra
FT,l,Rd = +

Mpi1ra = 0,25 Zloprq " te® £, /Vimo

88,9
2l =2 '(0,8'5 2+—)
effi Vs \/_ 2
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Zlorrq = 314,83 mm

314,83
leff,l = = 78,71 mm
0,25-78,71-1073-20%-107%-275- 103
FT,l,Rd =4- 1’0 - 40 - 10_3 = 216,45 kN

4
E - FT,l,Rd = 432,9kN

5) Method 2

2-Mpiora " 2FtRa
m+n

Frara =
n = enuin = 40mm

m=40mm

Mpi2ra = 0,25 Zlopro " te® - £, /Vimo

Zlorrp = 314,83 mm
314,83

leff,Z = = 78,71 mm

0,25+ 314,83 - 1072 - 202 - 107° - 275 - 10/, '+ 40-1073-90,4 - 4
401073 4+ 40 - 1073

FT,Z,Rd =2
= 450,63 kN

FT,Z,Rd = 397,25 kN

Fropa _ 397,25
2 2

= 198,63 kN

6) Method 3
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Fr3ra = 2F:pqg = 4°90,4 = 361,6 kN

min FT,i,Rd = FT,Z,Rd = 198,63 kN > NEd = 81,98 kN

- Resistance of bolts in tension

Figa

<10
t.Rd

Fira = 90,4 kKN - tensionresistance of 1 bolt

64,57
Figa = = 16,14 kN - tension force for one bolt

Frea _161% 018 <10 satisfied
Fona =504 ,0 satisfie

6.5 Welded gap ,,N“ joint

DETAIL ,,E*

Antonio Perié

1) Range of validity for welded joints between CHS brace members and CHS cords

d _ 603 =0,35> 0,2
d, 1683 ’
d, 1683

- —=——=2805 - 10<28,05<50
to 6
d, 603

- —==—"=20,1 - 10< 20,10 <50
t 3
d, 889

- ==—=1482 - 10< 14,82 <50
t, 6

— gap

g=>t1+t, » g=101mm >3+ 6 =9 mm

2) Axial resistances of welded joints between CHS brace members and CHS chords

a) Chord face failure
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k, k- fyo-to? d
g p Jyo %O 1
= -11,8+10,2- —)
1,Rd sin 6, ( + d, /Yus
_dy 1683 1403
Y o T 26
No.ga : . Ny £g=-40,65 kN
( B S
2,55 kN \
]\ 241,57 kN
Figure 6.6. representation of forces in beams
Np,Ed = NO,Ed - Nl,Ed * COS 91 - NZ,Ed * COS 92 = _40,65 - 2,55 * COS 87,76

- cos 33,04
Ny gq = —243,26 kN

Ny —243,26
OpECT T4 T T 168321 (1683 —2-0,6)% 7
4 4

ny = (0pea/fy)/Yus = (=7,95/27,5)/1,0 = —0,3

= —7,95 kN /cm?

0,2 0,024 - yt? 0,2 0,024 - 14,032
kg =y - 1+ (o,s-g 133) B 93101 33
14+e 6 1+el e )

ky = 2,30

n,<0 - k,=10

~23-1,0-275- 0,62 ( 60,3

Nira = sin 87,76 18+ 10,2 168,3>/ 10

Niga = 124,29 kN > N, zg = 10,06 kN

kg kp " fyo " to®

d,
2,Rd = : (1'8 + 10,2 'd_)/VMS
0

sin 0,
_do _1683
Y=ot " 26 "

Antonio Perié

— 241,57
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ny = (0p8a/fy)/Yus = (=7.95/27,5)/1,0 = —0,3
n, < 0 (tension) » k, =1,0

ky = 2,30

~23-1,0-275- 0,62 ( 88,9

2Rd = sin 33,04 18+10,2- 168,3>/ 10

Ny pq = 300,18 kN > N, g4 = 241,57 kN

b) Punching shear failure
di <dy—2-ty;=1683—2-6 =156,3mm
60,3 mm < 156,3 mm

N B fy . p 1+ sin6, / B 27,5 06 6.03 1+ sin87,76 /1 0
LRa = o T in g2 s T T g Y T e 5 sin87,75)2
Ny ra = 180,67 kN > Ny pg = 10,06 kN

N _fy . 1+sin02/ _27,5 06 8.9 1+ sin 33,04 /10
2Ra T30 R Gingy)? s T g Y T Y in 33,092
Nypa = 691,49 kN > N, pq = 241,57 kN

c) Shear failure

2 2
N; -sin@ N
(Lsn )’ ('
Vo Ny,

N <A 1 N; - sin 6, 2
0,gap — 470 fy 0,58 'fy'Av

_ 16,8327 (16,83 —2-0,6)*"7

— 2
Ay 2 2 = 30,59 cm
fy 2 fy 2 27,5
V,=4, —==—"4,-—==—-30,59-—— = 309,19 kN
N Y A V3

Ny, = 4o f, = 30,59 27,5 = 841,23 kN
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2,55-sin87,76
Nogap1 < 30,59-27,5- |1— = 841,20 kN

0,58-27.5 % 30,59

241,57 - sin 33,04
Nogapz < 30,59:27,5+ |1 — = 761,85 kN

0,58-27.5 % 30,59

No gap,1 = Ny - cos 0, + Nogq = 241,57 - cos 33,04 + 40,65 = 243,16 kN
Ny gap,2 = Ny - cos 0, + Ny gq = 2,55 c0os 87,76 + 40,65 = 40,75 kN

243,16 kN < 841,20 kN

40,75 kN < 761,85 kN
(2,55 - sin 87,76)2 N (243,16
309,19 841,23

2
) =0,10<1,0

(241,57 - sin 33,04)2 N ( 40,75

2
309,19 841,23) =020<10

6.6 Welded gap ,,KT* joint

DETAIL ,,F*

Antonio Perié

1) Range of validity for welded joints between CHS brace members and CHS cords

003 35502
d, 1683 ’
d, 1683
- —==—"=2805 - 10< 28,05<50
to 6
d, d, 889
ti  t, 6
d; 60,3
- —==—"=20,1 - 10<20,1<50
ts; 6
— gap

g1 =2t +t; - g=175mm >3+ 6 =9 mm
g, =2 t;3+t, - g=101lmm >3+ 6 =9 mm
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2) Axial resistances of welded joints between CHS brace members and CHS chords
a) Chord face failure
- Design criteria
Nigg:sin@; + N3gq - sinf3 < Ny pq - sin 0,

NZ,Ed - sin 92 < Nl,Rd - sin 01

kk 'fo'toz d1+d2+d3
Nygg =1L -(1,8 10,2-—)
1,Rd sin 6, + d, [Yus
_do _1683
Y =24t " 26 "
Ny e N, _.=-69,52 kN

_— 0,Ed
WV S
51 ,53kN/

]\0,74 kN \ 51,53 kN

Figure 6.7. representation of forces in beams

Np.ea = Noga — Nika
*c0S0; — Ny pq " €c0s0,—N3 g - cos 83 = —69,52 — 72,32 - cos 33,04
—51,53:cos 33,04 — 0,74 - cos 87,76

Nyga = —173,37 kN

p

Npga —173,37

OpEeT T4 T T 16832 (1683 —2-0,6)% 7
4 4

n, = (opa/fy)/vYus = (=5,67/27,5)/1,0 = —0,21

= —5,67 kN /cm?

02 0,024 -y'? 02 0,024 - 14,032
kg1 =7v" oF. =14,03"“-{ 1+ A
) ( , g_1,33) ( ,5:17, _1‘33)
1+e' to 1+e\ 6

(0,5-10,1
1+e\ 6

0,024 - 14,032
kg = 14,03%2-( 1+

—1,33)
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kg,l = 2,15
kg, =230

n, < 0 (tension) » k, =1,0

o~ N 2,15-1,0-27,5- 0,62 ( 09 88,9 + 88,9 + 60,3>/
LRd — sin 33,04 ’ ’ 3-168,3 ’

, M 2,30-1,0-27,5- 0,62 ( 61102 88,9 + 88,9 + 60,3>/

) LRd sin 33,04 ’ ’ 3-168,3 ’

(1) Ny ra = 258,05 kN

(2) Nygq = 274,85 kN

- Nl,Ed b Sin 91 + N3,Ed - Sin 93 = 72,32 ) Sin 33,04‘ + 0,74‘ b Sin 87,76 S Nl,Rd -
sin 6; = 258,05 - sin 33,04

40,17kN < 140,7 kN
- Nygq-sinf, = 51,53 -sin33,04 < N; g4 * sinf; = 258,05 - sin 33,04
28,1kN < 140,7 kN
d) Punching shear failure
(WD and (2) di, <dy—2-t; =1683—2-6=1563mm
88,9 mm < 156,3 mm
(3) d3y<dy—2-ty=1683—-2-6=156,3mm

60,3 mm < 156,3 mm

For (1) and (2)
fy 1+ sinb,, 27,5 1 + sin 33,04
N ==ty mrdy, ——= =——-0,6-7-8,89- - 1,0
1,2,Rd 3 0 1,2 2. (sin 91,2)2/”45 NG 2. (sm33,04)2/

Nira = Nopg = 691,49 kN > Ny g4 = 72,32 kN
> Nl,Ed = 51,53 kN

For (3)

1+ sinf;

d 27,5 1+ sin87,76
3 2-(sin3)?

=—-0,6-m-6,03- . 1,0
[vus V3 T 2 - (sin 87,76)2/

.tO.T[

f
N3,Rd = \/_yg

Nj gq = 180,67 kN > N, pq = 0,74 kN
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e) Shear failure
. 2 2
N; - sin @ N
(—‘ 1) + <—°'g“p> < 1,0
Vo1 Ny,

N <A 1 N; - sin 6 2
0,gap = <10 fy 0,58 'fy'Av

168321 (1683-2-06)% 7

o 2 2 = 30,59 cm?
£, 2 £, 2 275
V=4, —==—"- -—=—-30,59-—— = 309,19 kN
pl v \/§ T 0 \/§ T \/§
Ny = Ao~ f, = 30,59 - 27,5 = 841,23 kN

72,32 - sin 33,04
Ny gaps < 30,59-27,5+ |1— 5 = 834,42 kN
0,58-27,5---30,59

51,53 - sin 33,04
NO,gap,Z <30,59-27,5 |1— > = 837,78 kN
0,58-27,5- —_ 30,59

No.gaps = Nopa + Ny - cos 8, = 69,52 + 51,53 - cos 33,04 = 117,72 kN
Nogapz = Nopa + Ny * cos 61 = 69,52 + 72,32 cos 33,04 = 130,15 kN

112,72 kN < 834,42 kN

130,15 kN < 837,78 kN

(72,32 - sin 33,04)2 N (112,72)2 004<10
309,19 841,23/ ’

(51,53 - sin 33,04)2 N (130,15)2 004 <10
309,19 841,23/ ’

Antonio Perié
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6.7 Column grid — foundation joint

DETAIL ,,G*

- Design dimensions of foundation
- (C25/30

a; = min(3-ay, ap+ h,a. ) = (3-440,440 + 800,1500) = 1240 mm

b, = min(3 - by, by + h, b, ) = (3 - 700,700 + 800,2000) = 1500 mm

- Stress concentracion factor

Ny a by _ |1240-1500
77 lag-by . 440-700

- Design strength of concrete ¥, = 1,5

ﬁj'kj'fck_z.2,46'25

= = = 27,33 MP
fa Ve 37 15 @
fua 275
=t - =22 =20 |—— =366
T /3-fjd 327,33 i
M 700 M
365,366
T T 7
I
cu > —
. L 2V
~ s i
™ ] =
- =
4 5.5 A o
3 7~ g
2327 390 27 23
262, 370.8 262,

300
440

Figure 6.8. representation of effective area

Antonio Perié
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Aerr = (300+2-36,6)-(23+2-36,6)-2+ (12+2-36,6) - (490 —2-23 — 2-36,6)
= 103395,84 mm?

Niq = Aess * fia = 103395,84 27,33 - 1073 = 2825,81 kN > N4 = 105,08kN

- Shear strength
V' =89,99 kN
Shear stopper design: HEA 180
Ay= 14470 mm?
Wopiy= 324900 mm?
Assessment

The transmission of horizontal forces can only be considered in contact with concrete of
foundation. The necessary length of the shear stopper can be obtained by the following
relation:

Fpra 8999103

h > = = 29,99 mm
Ye 1,5
h=50 mm
Shear
Ay, fy 1447 -275
Vea = —= = = 229,74 kN > Vg; = 89,99 kN

CV3iyme  V3-1,0
0,5 Vgg = 0,5-229,74 = 114,87kN > V4 = 89,99 kN

Bending

Mpira = Wpry * fya = 324900 - 275 = 89,35 - 106 Nmm = 89,35 kNm

50
Mp g > Mpq = Fypq € = 89,99 - 10 - (40 + 7) = 5,85 - 10° Nmm = 5,85 kNm

89,35kNm > 5,85 kNm — shear stopper will satisfied

- Welded connection of the stopper to the plate
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PECEE

2 1

e

Va

N~
N

-l A

I 152
" o181

7 7

e

Figure 6.9. Representation of welded area

I, = moment of inertia of the weld

For HEA

I, =2 1903'5+0+2 152'53+2(152 5) <5+

w 12 12 2 2
(77+15+6)2+4 . 53+4 (9,5-5) (
2 2 12 ’

I, = 13,07 - 10® mm*

Assessment in point 1

_ fora _ 8999103

= = 73,76MP
T2 a1 250122 “
50

. 3. =
1 Fupace 1 8999710 (40 +)
Y Y 13,07 - 105

Z 122
2

T, =0, = 19,30Mpa

15

2

6
) +4-

Vo2 +3- (1,2 4+ 142) =+/19,302 + 3- (19,302 + 73,762) = 133,46 MPa

2

Antonio Perié

7
+4-(77-5)

142



Faculty of Civil Engineering,
Architecture and Geodesy 2019/2020

fu 430
B Vu2 0,85-1,25

= 404,71 MPa
133,46 MPa < 404,71 MPa

fur09 430-09

— 19,30MPa <
9L . 125

= 309,6 MPa

Assessment in point 2

T”=OMPa
1 Foe 1 89,99-103-(40+5—0)
T =0 = 2E T . 2/ _ 28,64 MPa
SR, S Y 13,07 - 106 ’
Z2 181
2

Vo2 +3- (1,2 4+ 142) = /28,642 + 3 - (28,642 + 02) = 57,28 MPa

£ 430

57.28MPa < -
SV By 1,25-085

= 404,71 MPa

fur09 430-09

— 28,64MPa < -
9L . 125

= 309,6 MPa

6.8 Welded ,,KK* gap joint

DETAIL ,, H*

- First K joint

Antonio Perié

1) Range of validity for welded joints between CHS brace members and CHS cords

di _ 603 =0,35>0,2
dy 1683 ’
dy 1683
— t_=T=28,05 - 10<28,05<50
0
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d, 603

- —==—"=201 - 10<20,10<50
t1 3
d, 889

- ==——=1482 - 10<14,82<50
ty 6

— gap

g=>t1+t, » g=21,0mm >3+ 6=9mm
2) Axial resistances of welded joints between CHS brace members and CHS chords

a) Chord face failure

kg kp " fyo " to®

d
: (1,8 +10,2- —1) 1/ Vus
do

LRd = sin 0,
_do _1683
Y=ot " 26
83,36 kN l 52,30 kN

Ngg 187,32 kN
-—

Figure 6.10. Representation of forces in beams

Np,Ed = NO,Ed - Nl,Ed * COS 91 - NZ,Ed * COS 92 = 187,32 - 83,36 * COS 33,04‘ - 52,30
- c0s 92,24
Nypa = 259,24 kN

Npea 259,24

opECT T4 T T 168321 (1683 —2-0,6)% 7
4 4

= 8,47 kN /cm?

n, = (0pa/fy)/vYus = (8,47/27,5)/1,0 = 0,31
n, > 0 (compression) » k,=1-03-n,-(1+n,)=1-0,3-0,31-(1+0,31)

k, = 0,88 < 1,0
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0,024 - y12 0,024 - 14,032
kg =y (o,s-g_1 3) = 14,03%% - <1 + (0,5-21,0 153)
1+e\to ~ 14+e\ 6
k, = 2,08

_2,08-0,88-27,5- 0,62 <

1,8+ 10,2 88’9) 0,9/1,0
LRa ™ sin 33,04 ’ ’ i

168,3

Nipq = 215,01 kN > Nj zq = 83,36 kN

kg'kp'fyo'toz_(

d,
2,Rd = 1,8 + 10,2 d_) “u/Yus

sin 6, 0
_dy 1683 1403
Y =2t " 26 "
k, =088 < 1,0
k, = 2,08
~2,08-0,88-27,5- 0,6 <1 61102 60,3 ) 09/10
2.Rd — sin 92,24 ’ “ 168,3) 717

Ny ra = 89,03 kN > N, g = 52,30 kN
b) Punching shear failure
di <dy—2-ty;=1683—-2-6 =156,3mm

60,3 mm < 156,3 mm

N _b P 1+ sin 6, /
1,Rd _\/§ 0"T-aq 2 (sin 6,)2 K/ Yms
_ 27,5 0.6 8.89 1 + sin 33,04 09/10
— 3 T o in33,08)2
Nyga = 622,34 kN > N g = 83,36 kN
1, 1+ sin 6,
Njra = ~ .ty -1 d; 2 - (sind,)? 1/ Yus
2
275 6 mgs. LESMO22E o
—3 P o singz2a?

Nyra = 162,60 kN > N, pq = 52,30 kN
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c) Shear failure

2 2
N; -sin@ N
(Lsn)', (a4
Vo Ny,

N <A 1 N; - sin 6, 2
0,gap — <70 fy 0,58 'fy'Av

_ 16,83%2-71 (16,83 —2-0,6)*"7

— 2
0 2 2 = 30,59 cm
fy 2 fy 2 27,5
V,=4, —==—+4,-—==—-30,59-—— = 309,19 kN
T B Y V3o V3
Ny, = Ao - f, = 30,59 - 27,5 = 841,23 kN

83,36 - sin 33,04
Nogaps < 30,59:27,5+ |1 — = 832,17 kN

0,58-27.5 % 30,59

52,30 - sin 92,24
Ny gap,2 < 30,59-27,5+ |1— 5 = 829,23 kN
0,58-27,5---30,59

No.gap1 = Nopa — Ny - cos 8, = 187,32 — 52,30 cos 92,24 = 189,36kN
Nogapz = Nopa + Ny * cos 6; = 187,32 + 83,36 - cos 33,04 = 257,20 kN

189,36 kN < 832,17 kN

257,20 kN < 829,23 kN

(83,36 . sin 33,04)2 N (189'36)2 = 0,07 < 1,0
309,19 ga1z23) ,

(52,30 . sin 92,24)2 N (257'20)2 =012 < 1,0
309,19 84123/ T 7

- Second K joint

Antonio Perié

1) Range of validity for welded joints between CHS brace members and CHS cords
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h_ 003 _ 35502
d, 1683 ’
dy, 1683

- —=——=2805 - 10<28,05<50
to 6
d, 603

- —==—"=20,1 - 10< 20,10 <50
ty 3
d, 889

— t—=T=14,82 - 10<14,82<50
2

— gap
g=>t1+t, » g=21,0mm >3+ 6=9mm
2) Axial resistances of welded joints between CHS brace members and CHS chords

a) Chord face failure

kg kp " fyo " to®

d
: (1,8 +10,2- —1) 1/ Vus
do

1,Rd =

sin 0,
_do _1683
Y=ot " 26 "

T 66,59 kN

\1 39,26 kN

Noeq=187,32 kN
-—

Figure 6.11. Representation of forces in beams

Npga = Nogqg — Nigq - €0S 0y + Ny gq - cos 8, = 187,32 — 139,26 - cos 33,04 — 66,59
- c0s 92,24
Ny gq = 67,98 kN

Ny 67,98
opECT T4 T T 168321 (1683 —2-0,6)% 7
4 4

= 2,22 kN /cm?

n, = (0pea/fy)/vYus = (2,22/27,5)/1,0 = 0,08
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n, > 0 (compression) » k,=1-03"n,-(1+n,)=1-10,3-0,08-(1+0,08)

k, =097 < 1,0
0,024 - y12 0,024 - 14,0312
ky = y%? (0,5-g 133) = 14057 (1 ¥ 90210 ;33
1+e'to 1o 1)
ky = 2,08

2,08-0,97-27,5- 0,62 <

= 1,8+ 10,2 88’9) 0,9/1,0
LRa ™ sin 33,04 ’ ’ i

168,3

Nipq = 236,99 kN > N; zq = 139,26 kN

2,Rd =

k,-ky- fyo-to? d
g kp " fyoto _(1'84_10’2._2).#/),1”5

sin 6, dy
_dy 1683 1403
Y =24t " 26 "
k, =097 < 1,0
ky = 2,08
N 2,08-0,97 - 27,5 - 0,62 (18+102 60,3) 09/1.0
ZRd — sin 92,24 ’ “ 168,33/ 77

Ny ra = 98,13 kN > Ny gq = 66,59kN

d) Punching shear failure
di <dy—2-t,=1683—-2-6 =1563mm
60,3 mm < 156,3 mm

1+ sin 6,

N =—y't . d P

1,Rd 3 0"T-aq 2 (sin 6,)2 M/VMS
27,5 0.6 8,89 1+ sin 33,04 0,9/1,0
—3 e sin33,002

Nigq = 622,34 kN > Ny zq = 139,26 kN
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fy 1+ sin6,
N. == -t -TT- "4 .
2,Rd 3 0"T-az 2 - (sin 6,)? .U/VMS
_ 275 0.6 6.03 1+ sin 92,24 0,9/1,0
— 3 P o singz2a2

Nyra = 162,60 kN > N, pq = 66,59 kN

e) Shear failure

) 2 2
N; -sin @ N,
(—‘ 1) + <—°'g“p> <1,0
Vo1 Ny,

N; - sin 6, 2
Nogap <40 fy- |1~ \G58-7, -4,
_1683%-1 (1683-2-0,6)2"m

0 4 4

V,=A fy—zA fy—23059 27'5—30919kN
= B3 3 o N

| =4 f, = 30,59 27,5 = 841,23 kN

= 30,59 cm?

Ny

139,26 - sin 33,04
Nogaps < 30,59:27,5+ |1 - = 837,09 kN

0,58-27.5 % 30,59

66,59 - sin 92,24
Nogapz < 30,59:27,5+ |1 - = 838,05 kN

0,58-27.5 % 30,59

Nogap1 = Noga + Ny - cos 8, = 187,32 + 66,59 - cos 92,24 = 184,72 kN
Nogapz = Nopa — Ny * cos 6; = 187,32 — 139,26 cos 33,04 = 70,58 kN

184,72 kN < 837,09 kN

70,58 kN < 838,05 kN

<139,26 * sin 33,04)2 N <184,72
309,19 841,23

(66,59 - sin 92,24)2 N ( 70,58

2
309,19 841,23) =005<10

2
) =0,11<1,0

Antonio Perié
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6.9 Bracing — upper cord joint

DETAIL ,,I

- Design resistances of welded joints connecting gusset plates to CHS members

" 210 i

y 4 2

238

: I
[ ]

Figure 6.12. Representation of gusset plate

Nigra =5 kp " fyo to> (1 +0,251)/yus
Mip,l,Rd =hy - Nl,Rd
MOp,l,Rd =0

1) Punching shear failure

A =3,059-1073 m?
W,, = 1,1987 - 10~* mm3

Omax *t1 = (Nga/A + Mgg /W) - t; <2t (fyo/‘/g)/)’ms

( 6663 177 ) 10105 < 2. 6. 193 275 10°
3,059-10-3 ' 1,1987 - 10~ V3
1096,43 kN/m < 1905,26 kN /m
2) Chord face failure
Ny a 66,63 ,
TpEe =) 168377 (1683 -2 0621~ okN/em
7 7

n, = (0pa/fy)/vYus = (2,18/27,5)/1,0 = 0,08

n, > 0 (compression) » k,=1-03"n,-(1+n,)=1-0,3-0,08-(1+0,08)
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k, =097 < 1,0

_ M _ 510 =303 <4
T=4, 1683

Nigq =5+0,97+27,5-0,6%- (1 + 0,25-3,03)/1,0

Ni ra = 84,39 kN > Ny = 66,63 kN

Mip1ra = 0,51 84,39 = 43,04 kNm > Mgy = 1,77 kNm

- Resistance of the weld (bracing to plate)

1) For bracing 1

) 178.3
3 &9
5 Jﬁ
=8 5 168.3
245 A

Figure 6.13. Representation of force in bracing

T, =0, =0MPa
Ngg 208680
= 1T 4-5-80
£ ~ 430
Yuz Bw V3 1,25-0,85-+/3

= 130,43 MPa

130,43 MPa <

= 233,66 MPa

Vo2 +3- (1,24 142) =+/02 + 3+ (0% + 130,432) = 225,91 MPa

fu 430

225,91 MPa < =
Ymz Bw V3 1,25-0,85-4/3

1) For bracing 2

= 233,66 MPa

Antonio Perié
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Antonio Perié
5 I 162.4

> &7

Jﬁ GD 111,68

152.4
255 At

170

Figure 6.14. Representation of force in bracing

TJ_:O-J_:OMPa

Npg 111680

- - = 69,8 MP
M 1T 45-80 @

£ 430
69,8 MPa < = = 233,66 MPa
Yuz Bw V3 1,25-0,85-3

Vo2 +3- (1,24 1,42) =402 4+ 3- (0% + 69,8) = 120,90 MPa

fu 430
120,90 MPa < = = 233,66 MPa
Ymz Bw V3 1,25-0,85-/3

- Resistance of the bolt

1) For bracing 1

i 45 "
135 I7E]I4g
?i6 ple
208,68 3 & Zc:
% B16 o16| 2%
+ 4|0

Figure 6.15. Representation of bolts in bracing

4xM16 8.8

- Resistance of the bolt in shear

F,ra = 77,2 kN (from table)
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208,68
v,Ed S S 52,17 kN
Fv Ed
— < 1,0

Fv,Rd

52'17—068< 1,0

772 ’

- Resistance of the bolt in bearing

ki-ayp-f,-d-t
Fyra =
Ym2
a, = min( ;1,0; ad)
fu
e 45 _ 083
=374, 73-18°
800
fun 800 56
fu 430
- a, =0,83

e
k, — min (2,8 -d—z —1,7;1,4 -% - 1,7 2,5)

0 0

28-2_17-28 40 1,7 = 4,52
) d ) - ) 18 ) - )

14-22_17-14 70 1,7 = 3,74
) do ) - ] 18 ] - )
- k1 = 2,5
2,5-0,83-430-1073-16 - 20
Fb,Rd S 1 25 = 228,42kN
228,42

Foga =—7—=57,1kN

57,1 kN

20365kN 28 <10

Antonio Perié
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2) For bracing 2

Figure 6.16. Representation of bolts in bracing

4xM16 8.8
- Resistance of the bolt in shear

Fyra = 77,2 kN (from table)

111,68
vEd = = 27,92kN
Fv Ed
— < 1,0
Fv,Rd
27,92 =0,36 < 1,0
77,2 ’
- Resistance of the bolt in bearing
kiy-ap-fy-d-t
Fyra =
Ym2
a, — min (fu—b; 1,0; ad)
u
e 40 — 074
%a=34,73-18 "
800
fup _ 800 _ 1,86
fu 430
- a, =074

40,90 4

170

Antonio Perié
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. =) D2
ki > min|28-—-1,7;14-——-1,7;2,5
do do

28-2_17=28 40 1,7 = 4,52
) do ) - ] 18 ] - )

14-22 _17-14 80 1,7 = 4,52
) d ) - ) 18 ) - )

0
- kl :2,5

2,5-0,74-430-1073-16-20
Fpra = 172 = 203,65 kN

111,68

Fypa = = 27,92kN

27,92kN

20365 kN 14 <10

6.10 Upper cord — concrete joint

DETAIL ,J*

1) Resistance of the weld

T”=OMPa
1 Ne_ 1 107840
s s T2 5-1683 -1 4

Vo2 +3- (1.2 + 1,2 = /28,842 + 3 - (28,842 + 02) = 57,68MPa

57,68 MPa < fu 430 = 404,71 MP
’ Sy By 125-085 a
£, 09 430-09
o, = 28,84 MPa < = = 309,6 MPa

Ym2 1,25

2) Resistance of anchor in shear

Antonio Perié
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a,: f I A
Fivbra = v Ju
VYm2

Fivpra = 120,6 kN — fromtable

Apc fub " A

Fyvp,ra =
Y Ym2

A = 314 mm?
fup = 800 N/mm?
ap. = 0,44 — 0,0003 - 640 = 0,25

0,25-800-314
Z,Ub,Rd = 1'25

= 50,24 kN

Vea 186,18

min(Fyppra; Fovbra) = Favbra = 50,24 kN > e

3) Resistance of anchor in tension

kz 'fub Ay

Fira =
' Ym2

Fipra = 141,1 kN — fromtable

Ngg 107,84
Ft,Rd == 14’1,1 kN > Ft,Ed == T = 4 = 26’96 kN

4) Design of anchorage length

h > d
= 21 feua

feta = At fctk,o.os/)/c =10-18/15=1.2

Y. = 1,5
ac = 1,0
fctk,o.os =18

107,84
2,1-1,2

= 0,2069m = 206,9mm

4

= 46,55 kN

Antonio Perié
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6.11 Purlin — upper cord joint

DETAIL ,,K*

1) Resistance of the weld (UPE to Upper cord)

gl

D

Figure 6.17. Representation of C profile on upper cord

(load parallel to weld)
T = 0 MPa

1 Ngg 1 273360 193.29MP
W= =g a1 2 2-5-100 e

Vo2 +3- (1,2 4+ 142) = /193,292 + 3 - (193,292 + 02) = 386,59 MPa

£ 430

- = 404,71 MP
Vora B 1,25-0,85 @

386,59 MPa <

fur09 430-09

= 193,29 MPa <
9L s 125

= 309,6 MPa

2) Resistance of the weld (L plate to UPE)

(load perpendicular to weld from force)

Antonio Perié
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F
I:‘"‘;:!
e,=191,0 )
L e=191,0 | i
5 =880 = i 5 E'E=88,0
%\@H‘a /‘5”i —_ F

L J Fmax

e [

Figure 6.18. Representation of purlin to upper cord connection

F =2188kN

2 MA = 0
F-eg 21,88-0,191

e, 0,088

Fpax €2 —Freg =0 - FEpp =

Fpay = 47,49 kN

Co L Fne 1 47490
WEE s el T3 2-5-120  2oNe

Q

Vo2 +3- (1,24 1,2) =+/27,982 4+ 3+ (27,982 4 02) = 55,96 MPa

55,96 MPa < fu 430 404,71 MP
’ TSV Bu 125-085 a
£,-09 430-09
o, = 27,98 MPa < = = 309,6 MPa

Ymz 1,25

3) Resistance of the weld (L plate to UPE)

(load perpendicular to weld from moment)
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i [
P
Figure 6.19. Representation of purlin to upper cord connection
F =21,88kN
M=F-e=2188-0,153 = 3,35 kNm
T = 0 MPa
1 F M 1 21880 3350000

= 201,11MPa

T, =0, = + = +
. . V2 \2-a-l 2%-a-l V2 \2-5-88 2'%'5'882

Vo2 +3- (1,2 4+ 142) =+/201,112 + 3 - (201,112 + 02) = 402,22 MPa

fu 430
Yuz Bw  1,25-0,85

402,22 MPa < = 404,71 MPa

fur0,9 430-09
Yuz 1,25

o, = 201,11 MPa < = 309,6 MPa

4) Resistance of the bolt in shear
2xM16 8.8
F,ra = 77,2 kN (from table)

92,64
Foga =—5— = 4632 kN
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Fv,Ed

<1,0
v,Rd

26,32 =0,36 < 1,0
772 ’

5) Resistance of the bolt in bearing

ki ap-fu-d-t
Fyra =
Ym2
a, — min (fu—b; 1,0; ad)
fu
e 40 074
=374, 73-18°
800
fun 800 56
fu 430
S a, = 0,74

. =) D2
ki > min|28-—-1,7;14-——-1,7;2,5
do do

e, 30
28-——-17=28-—-1,7=296

d, 18
D> 55
14-—-17=14-——-1,7 = 2,57
d, 18
- kl = 2,5
2,5:0,74-430-1073-16-8
Fyra = —= = 81,46 kN

92,64
Fopa = —5— = 46,32kN

46,32 kN

m = 0,57 < 1,0

Antonio Perié
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7. Technical drawings

7.1. Floor plan of the construction (1:200)
7.2. Elevations of the construction (1:100)
7.3. Detail of sports hall frame (1:100)
7.4. Column bases connections (1:20)

7.5. Details of connections (1:10)

Antonio Perié
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JOINT FOUNDATION-COLUMN GRID
DETAIL "A"
MJ 1:20

Plate 400x400x30 Plate 400x400x30

# s # m——m 3t
D .
CFCHS CFCHS

C25/30 ——— 8 X + +
193.7x5 193.7x5 920 820
PLATE

tp=30mm

SHS
150x150x6 SHS

150x150x6

SECTION A-A

CFCHS
88,9x5

CFCH
19

S

=
i 0838
F| % y i
by = P30 P
JEQH.S#) JR—
152.4x5 - a

o

SHS/ SHS SHS

150x150x6 4063 194 6340 150x150x6 50x150x6
A=t A

SECTION B-B

C2530 —— —d0

C25/30
STEEL: S275

BOLTS: M20, 8.8
CONCRETE C25/30

CLASS PERFORMED EXC2

SUPERVISOR:

|:|fb Z;‘x‘-\__l

UNvERSITY OF SPuT
FACULTY OF CIV ENGINEERING, ARCHTECTURE

21000 SPUT, MATICE HRVATSIE 15
W T e« S 21 e

ING.MICHAL JANDERA; Ph.D.
ING.VLADIMIR DIVIC; Ph.D.

1:20

DATE:

THEME OF PROJECT:
Sports hall

ptember 2020.

NUMBER OF PROJECT:

340/19-A

TITLE OF APPENDIX:
foundation-column grid joint

STUDENT:
Antonio Peri¢
NUMBER:




UPPER CORD CONNECTION
DETAIL "B"
MJ 1:10

CFCHS
168.3X6

Plate @300x20 mm SECTION A-A

STEEL: S275
BOLTS: M16, 8.8
CLASS PERFORMED EXC2

SUPERVISOR: SCALE:

@&LI__‘ ING.MICHAL JANDERA; Ph.D. 1:10
— ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

THEME OF PROJECT: NUMBER OF PROJECT:
Sports hall 340/19-A
STUDENT:
21000 SPLIT, HATICE HRVATSKE 1
Wby . gz s g s | TITLE OF APPENDIX: Antonio Peri¢

upper cord connection NUMBER:

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE
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LOWER CORD CONNECTION
DETAIL "C"
MJ 1:10

CFCHS ;Q, CFCHS

\
i

139.7X4 139.7X4

Plate @330x20 mm SECTION A-A

STEEL: S275

BOLTS: M16, 8.8
CLASS PERFORMED EXC2

SUPERVISOR: SCALE:
ING.MICHAL JANDERA,; Ph.D. 1:10

ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

NUMBER OF PROJECT:

Sports hall 340/19-A

STUDENT:
mmasm | TITLE OF APPENDIX: Antonio Peri¢

lower cord connection NUMBER:

THEME OF PROJECT:
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DIAGONAL CORD CONNECTION

DETAIL "D"
MJ 1:10

Plate @260x20 mm SECTION A-A

STEEL: S275
BOLTS: M16, 8.8
CLASS PERFORMED EXC2

SUPERVISOR: SCALE:
ING.MICHAL JANDERA,; Ph.D. 1:10

ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

NUMBER OF PROJECT:

SpOI’tS hall 340/19-A

STUDENT:
21000 LT, MATIGE FRVATSKE
o sy 0 (s s o | TITLE OF APPENDIX: Antonio Peric

diagonal cord connection NUMBER:

THEME OF PROJECT:
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WELDED "N" GAP JOINT
DETAIL "E"

MJ 1:10

SECTION A-A

168.3X6

STEEL: S275
CLASS PERFORMED EXC2

SUPERVISOR: SCALE:

@&LI__‘ ING.MICHAL JANDERA; Ph.D. 1:10
— ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

THEME OF PROJECT: NUMBER OF PROJECT:

SpOI’tS hall 340/19-A
STUDENT:
21000 LT, MATIGE FRVATSKE
o sy 0 (s s o | TITLE OF APPENDIX: Antonio Peric

welded "N" gap joint NUMBER:

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE
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WELDED "KT" GAP JOINT
DETAIL "F"

MJ 1:10

CFCHS
168.3X6

SECTION A-A

| 17| 401
CFCHS CFCHS CFCHS
168.3X6 88.9X6 60.3X3

STEEL: S275
CLASS PERFORMED EXC2

SUPERVISOR:

@& ING.MICHAL JANDERA; Ph.D.
— = ING.VLADIMIR DIVIC; Ph.D.

SCALE:
1:10

THEME OF PROJECT:
Sports hall

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE

DATE:
september 2020.

NUMBER OF PROJECT:

340/19-A

W s e mpmasm | TITLE OF APPENDIX:

welded "KT" gap joint

STUDENT:
Antonio Peri¢

NUMBER:
10




JOINT FOUNDATION- GABLE COLUMN
DETAIL "G"
MJ 1:20

Plate 700x440x30 SECTION C-C

HEA 180

HEA 500
o [
E P=1

C25/30

SECTION B-B

SECTION A-A

C25/30

STEEL: S275

BOLTS: M20, 8.8
CONCRETE C25/30

CLASS PERFORMED EXC2

C25/30

SUPERVISOR:
ING.MICHAL JANDERA; Ph.D. 1:20
ING.VLADIMIR DIVIC; Ph.D. DATE:

er 2020.
NUMBER OF PROJECT:
Sports hall 340/19-A
STUDENT:
v | TITLE OF APPENDIX: Antonio Peri¢

foundation - gable column joint NUMBER:

THEME OF PROJECT:

11




WELDED "KK" GAP JOINT
DETAIL "H"

MJ 1:10

CFCHS
193.7X5

SECTION A-A SECTION A-A

CFCHS
193.7X5 193.7X5

STEEL: S275
CLASS PERFORMED EXC2

SUPERVISOR: SCALE:

@&LI__‘ ING.MICHAL JANDERA; Ph.D. 1:10
— ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

THEME OF PROJECT: NUMBER OF PROJECT:
Sports hall 340/19-A
FACLLTY OF GIVL ENGINEERIS ARCHTECTURE
AND CEOOESY STUDENT:
1000 SPLIT, MATICE LRVATSKE 15

w by o o s | TITLE OF APPENDIX: Antonio Peri¢
welded "KK" gap joint NUMBER:
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JOINT BRACING - UPPER CORD
DETAIL "I"

MJ 1:10

CFCHS
152.4x5

CFCHS
168.3X6

SECTION A-A SECTION B-B

1783 162.4

CFCHS CFCHS
168.3X8 152.4x5

Plate 170x255x20 Plate 190x245x20

— ————— &

i,

fe ol
te ot

43 100 43

190

STEEL 8275 SUPERVISOR: SCALE: 1410
. ING.MICHAL JANDERA; Ph.D. :
BOLTS: M16, 8.8 A

ING.VLADIMIR DIVIC; Ph.D. DATE:

CLASS PERFORMED EXC2 september 2020.

THEME OF PROJECT: NUMBER OF PROJECT:
Sports hall 340/19-A
STUDENT:
21000 SPLIT, HATICE HRVATSKE 1
Wby . gz s g s | TITLE OF APPENDIX: Antonio Peri¢

bracing - upper cord joint NUMBER:

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE
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JOINT UPPER CORD - CONCRETE
DETAIL "J"

MJ 1:10

CFCHS
168.3X6

= sty

P6 400x400x30

%

STEEL: S275

BOLTS: M20, 8.8
CONCRETE C25/30

CLASS PERFORMED EXC2

SUPERVISOR: SCALE:

@&LI__‘ ING.MICHAL JANDERA; Ph.D. 1:10
— ING.VLADIMIR DIVIC; Ph.D. DATE:
september 2020.

THEME OF PROJECT: NUMBER OF PROJECT:
Sports hall 340/19-A
STUDENT:
21000 SPLIT, HATICE HRVATSKE 1
Wby . gz s g s | TITLE OF APPENDIX: Antonio Peri¢

upper cord - concrete joint NUMBER:

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE
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JOINT PURLIN - UPPER CORD
DETAIL "K"

MJ 1:10

IPE 360

SECTION A-A

IPE 360

S

CFCHS
168.3X6

STEEL: S275
BOLTS: M16, 8.8
EXECUTION CLASS 2

CFCHS
168.3X6

SUPERVISOR:

@& ING.MICHAL JANDERA; Ph.D.
— = ING.VLADIMIR DIVIC; Ph.D.

SCALE:
1:10

DATE:

THEME OF PROJECT:
Sports hall

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING, ARCHITECTURE

september 2020.

NUMBER OF PROJECT:
340/19-A
STUDENT:

W s e mpmasm | TITLE OF APPENDIX:

purlin - upper cord joint

Antonio Peri¢
NUMBER:

15




