
Stichting SomPop 

KVK: 71064109 

Zaterdag 1 juli 12.00 u : 00:00 u 

Locatie: De Waal 

Bijlagen: Draaiboek calamiteiten SomPop 2023



\ Bijlagen: Draaiboek calamiteiten SomPop  

Zaterdag 1 juli 2023 -  De Waal 

Inhoudsopgave bijlagen:

Bijlage 1, pag 2 

Bijlage 2, pag 3 

Bijlage 3, pag 4 

Bijlage 4, pag 5     
Bijlage 5, pag 6-8  
Bijlage 6, pag 9         
Bijlage 7, pag 10-35      
Bijlage 8, pag 36-37    
Bijlage 9, pag 38-107  
Bijlage 10, pag 108-114 
Bijlage 11, pag 115-343 

: Overzichtstekening geluid festivalterrein incl. aanrijdroutes,
 vluchtroutes en entreeroutes

: Overzichtstekening festivalterrein incl. aanrijdroutes,
 vluchtroutes en entreeroutes

: Totale overzichtstekening incl. aanrijdroutes, vluchtroutes en
 entreeroutes

: Tekening Alu Spantentent
: Draaiboek op- en afbouw SomPop 2023.
: Voorlopig programma SomPop 2023. 
: Statistische berekening geluidstoren en containeropstelling 

: Aanvulling op Statistische berekening bijlage 7 

: Constructieboek Bonga stretch tent 
: Ontheffing omgevingsverordening
: Statistische berekening Romneyloods 



NIETS VAN DEZE TEKENING MAG ZONDER TOESTEMMING VAN VERWEIJ HOUTTECHNIEK VERVEELVOUDIGD C.Q. GEKOPIEERD OF GEBRUIKT WORDEN VOOR ANDERE DOELEINDEN; EN BLIJFT TEN ALLE TIJDE EIGENDOM VAN VERWEIJ HOUTTECHNIEK.
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BUSSEL ENGINEERING  

Project: Sompop 2022  

Statische Berekeningen

Projekt: Geluidstoren en containeropstelling

Datum: 01-02-2022

Opdrachtgever: Sompop

Yvo Witte

Landsdiep 4

1797 SZ    Texel

Opmerking Voor de opstelling geldt een windlastbeperking;

boven 8 Bft (20,7 m/sec.) dient de omgeving te worden

ontruimd en de geluidstoren extra gezekerd.

Ballast geluidstoren: 3300 kg

Ballast gestapelde containers: 2 x 1250 kg

Ballast losse container: 850 kg

Michiel van Bussel

Op alle advieswerkzaamheden, engineeringsopdrachten en/of tekenopdrachten en eventuele

vervolgopdrachten zijn van toepassing de voorwaarden als genoemd in BUSENG/ 2019-00, 

alsmede de voorwaarden als opgesteld in de “Regeling van de verhouding tussen opdrachtgever en

adviserend ingenieursbureau” (RVOI-2001, gedeponeerd 29/06/2001 bij de Arrondissementsrechtbank te Den Haag).

Deze kan op verzoek door Bussel Engineering ter beschikking worden gesteld of worden gedownload:

http://www.busselengineering.nl/AV/AlgemeneVoorwaarden-BusselEngineering-2019.pdf
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1 Ontwerpuitgangspunten

1.1  Algemeen

Als uitgangspunt wordt toegepast de EuroCode normering. 

Van toepassing zijnde normen en voorschriften in algemene zin en voorzover van toepassing:

- NEN-EN 1990+NB Eurocode Grondslagen van het constructief ontwerp

- NEN-EN 1991+NB Eurocode 1 Belastingen op constructies

- NEN-EN 1993+NB Eurocode 3 Ontwerp en berekening van staalconstructies

- NEN-EN 1997+NB Eurocode 7 Geotechnisch ontwerp

1.2 Veiligheidsklasse

Gebruiksklasse: Tijdelijke constructie

Gevolgklasse: CC2

Specifiek voor de objecten van het SompopFestival:

UGT:  Permanente belasting ã;f;g;ongunstig 1,1       UGT Permanente belasting  ã;f;g;gunstig   0,9

UGT:  Veranderlijke belasting ã;f;q    1,5  

UGT:  Sneeuw belasting ã;f;q    1,5 

Belastingcombinaties in de uiterste grenstoestanden (UGT) worden aangenomen volgens art. 6.4.3 

van de NEN-EN 1990.

Belastingcombinaties in de bruikbaarheidsgrenstoestanden (BGT) worden aangenomen volgens art. 

6.5.3 van de NEN-EN 1990.

3



1.3 Belastingen

Optredende belastingen:

1.3.1   Sneeuwbelasting   nvt

          

1.3.2 Variabele belasting  nvt

   

1.3.3 Gewicht/ afmeting constructiedelen

Zeecontainers 20ft 6,06 x 2,44 x (h)2,59 meter   

Ledig gewicht:    2030 kg

Laadgewicht 28450 kg

Layher-allround volgens specs Layher

1.3.4 Windbelasting

vb1 = 20,7 m/sec

h = 6m pw = 0,42 kN/m^2

(Co1=1;Cfr=0,04;C1=0,85;CsCd=0,9) 
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Knooppunt- en rozetbelasting

Hoekstijfheid

Buigmoment

M
y,Rd

 = ±   68,0 kNcm

M
y,Rd

 = ± 101,0 kNcm

M
y,Rd

 = ± 120,0 kNcm

N
Rd

 = ± 22,7 kN (Buisligger)

N
Rd

 = ± 31,0 kN (Buisligger)

N
Rd

 = ± 35,1 kN (Buisligger)

N
V,Rd

 = ±   8,4 kN

N
V,Rd

 = ± 17,9 kN

N
V,Rd

 = ± 17,9 kN

Verticale dwarskracht enkele aansluiting
V

z,Rd
 = ± 17,4 kN V

z,Rd
 = ± 26,4 kN 

V
z,Rd

 = ± 31,7 kN

Verticale dwarskracht rozetaansluiting
 V

z,Rd
 = ± 69,5 kN  V

z,Rd
 = ± 105,6 kN

 V
z,Rd

 = ± 117,0 kN

V
y,Rd

 = ± 6,7 kN V
y,Rd

 = ± 10,0 kN V
y,Rd

 = ± 16,6 kN  

V
y,Rd

 = ± 5,9 kN V
y,Rd

 = ±  5,9 kN V
y,Rd

 = ± 16,6 kN

M
z,Rd

 = ± 37,2 kNcm

M
z,Rd

 = ± 37,2 kNcm

M
z, Rd

 = ± 40,1 kNcm

M
x,Rd

 = ± 52,9 kNcm

M
x,Rd

 = ± 52,5 kNcm 

Normaalkracht

Horizontale  dwarskracht (Buisligger)

Horizontale  dwarskracht (U-ligger)

Torsiekracht om de staander

Torsiekracht om de as van de ligger

Zie voor de gespecificeerde

gebruiksbelastingen

tabel 15 en 17

op pagina 14.

Verticale dwarskracht

Diagonaalkracht

Variant II K 2000+ Lightweight

Vy Vy

Vy Vy

M
y

N

Nv

Nv

V
z

V
z

MZ

Mx
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A. Introduction

Tentations bvba has developed a stretchtent under the product name Bonga. The tent is made of a 

stretchable membrane, which allows a freedom of form as there is not a pre-described shape necessary. 

Depending on the location, variations can be made with the number, length and placement of poles and 

ties. This results in a custom made cover at each new location. 

The freedom of form is created by the stretchable property of the membrane; the desired shape is 

obtained by “stretching” an initially flat membrane. The disadvantage of this form-flexibility is the difficulty 

in researching and arranging all possible configurations in a static analysis. 

The structural calculation in this report shows the static analysis of the 10x15m dimension, where a 

configuration is considered which has all sides open. 

This document contains the data required for a tent book according to EN 13782 bundled and presented 

for the Bonga 10x15m stretchtent of Tentations bvba.

This tent book includes

§ Ownership data;

§ Drawings of the different variants of the tent, including dimensions, indications of elements and 

required anchoring.

§ Permitted live load;

§ Maximum wind speeds (according to EN 1991-1-4:2005); 

§ Structural analysis (according to EN 13782:2015);

§ Material certificates (strength properties and fire properties).

Utrecht, 28.02.2017,

ir. Nikie van Veen
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Depending on the location, variations can be made with the number, length and placement of Depending on the location, variations can be made with the number, length and placement of poles and poles and 

The freedom of form is created by the stretchable property of the membrane; the desired shape is The freedom of form is created by the stretchable property of the membrane; the desired shape is 

this form-flexibility is the difficulty flexibility is the difficulty 

analysis. 

analysis of the 10x15m analysis of the 10x15m dimensiondimension

This document contains the data required for a tent book according to This document contains the data required for a tent book according to EN 13782EN 13782

Drawings of the different variants of the tent, including dimensions, indications of elements and Drawings of the different variants of the tent, including dimensions, indications of elements and 

Maximum wind speeds (according to EN 1991Maximum wind speeds (according to EN 1991--1-4:2005); 

Structural analysis (according to EN 1Structural analysis (according to EN 13782:2015);3782:2015);

Material certificates (strength properties and fire properties).Material certificates (strength properties and fire properties).
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C. Codes and standards

The following codes are used:

§ EN 13782: Temporary Structures – Tents - Safety

§ EN 1990: Basis of structural Design

§ EN 1991: Actions on structures

Part 1-4: General actions - wind actions

§ EN 1999: Design of aluminum structures

Part 1-1: General rules
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D. Summary

Manufacturer Tentations bvba
Molenstraat 124
BE-9032 Gent
t +32 (0)477 930 739
alexandermasyn@gmail.com
www.bongastretchtent.com

Bonga Carpas S.L.

Venta Nova 80

43894 (Camarles), Tarragona

Catalunya

Spain

Main dimensions: Width:

Length:

Side height:

Max height:

Center poles (4 / 3.5m):

Perimeter poles (2.7 / 2.2m):

For pw = 345 N/m²

Ties, attachment:

Storm belt:

For pw = 500 N/m²

Ties, attachment:

Storm belt:

10 m

15 m

2.2m / 2.7m

4 m

Ø60 x 3.1mm [AL 6061 T6]

Ø40 x 2mm [AL 6061 T6]

min. Breaking load 750 kg [PES]

min. Breaking load 1450 kg [PES]

min. Breaking load 1200 kg [PES]

min. Breaking load 2000 kg [PES]
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[AL 6061 T6][AL 6061 T6]

[AL 6061 T6][AL 6061 T6]

Breaking loadaking load 7750 k50 kg [PES]

Breaking loadBreaking load 14501450 kg

min. Breaking load min. Breaking load 1200

min. Breaking load min. Breaking load 
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User defined load: It is allowed to apply max. 10 kg of decoration, sound or light equipment per center 

pole. The load should be applied centric.

Snow load: A snow load of 0.1 kN/m2 (4cm) according the French CTS.

Wind load: Point of departure: geometry without side walls.

The calculation is primarily based on a wind pressure of pw = 500 N/m2, according to 

EN 13782 par. 7.4.2.2. However, a reduced wind pressure of pw = 300 N/m2 may be 

applied in the case of tents with a width of 10 m or less and a height of 5 m or less. 

The wind pressure can be recalculated to the corresponding wind speeds for Europe 

(not country specific), shown in the following table: 

Above the limit values shown below the strength and/or stability of the structure is not guaranteed.  Explanation 

of the shown table can be found in chapter G. 

Pw = 345 N/m² For a Proflexx fabric, BL fabric clamp ≥ 374 kg, Anchor Leff ≥ 500mm

Out of order: Coast
Flattened, 
open area

Rural Village City

A. Beaufort (indicative) > 6 Bft > 6 Bft > 7 Bft > 8 Bft > 8 Bft

B. 10 minutes average wind 
speed:

> 14.9 m/s > 15.7 m/s > 17.5 m/s > 20.8 m/s > 21.7 m/s

C. Peak wind speed (gust): > 85 km/h > 85 km/h > 85 km/h > 85 km/h > 85 km/h

Pw = 500 N/m² For a Triflexx fabric, BL fabric clamp ≥ 674 kg, Anchor Leff ≥ 700mm

Out of order: Coast
Flattened, 
open area

Rural Village City

A. Beaufort (indicative) > 7 Bft > 7 Bft > 8 Bft > 9 Bft > 9 Bft

B. 10 minutes average wind 
speed:

> 17.9 m/s > 18.9 m/s > 21.1 m/s > 25.0 m/s > 26.1 m/s

C. Peak wind speed (gust): > 102 km/h > 102 km/h > 102 km/h > 102 km/h
> 102
km/h

Given values are limit values, m/s values are 10 min averages measured on a 10m heigth at the closest weather station; 

wind in Beaufort (BFT) are indicative values.

Anchoring: Based on dense, non-cohesive soil (e.g. sandy soils). 

Anchor: T-profile 25x25mm

Pw = 345 N/m² Pw = 500 N/m²

minimal depth of penetration = 500 mm

1 anchor per tie attachment 

2 anchors per side of the storm belt

minimal depth of penetration =  700 mm

1 anchor per tie attachment 

2 anchors per side of the storm beltbo
ng
as
tr
et
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te
nt
.c
om

Above the limit values shown below the strength and/or stability of the structure is not guaranteed.  Explanation Above the limit values shown below the strength and/or stability of the structure is not guaranteed.  Explanation 
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= 500 N/m= 500 N/m22, according to , according to 

reduced wind pressure of pw = 300 N/mof pw = 300 N/m2 may be 

applied in the case of tents with a width of 10 m or less and a a height of 5 m or less. height of 5 m or less. 

The wind pressure can be recalculated to the corresponding wind speeds for Europe The wind pressure can be recalculated to the corresponding wind speeds for Europe 
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F. Important terms and conditions

This document applies to the built construction if the following principles and conditions are met:

§ The used materials, parts and sections (membrane, poles, ties, anchoring) are in accordance 

with this document;

§ The dimensions of the built structure match the dimensions stated in this document; 

§ Parts (poles, ties, anchors) may not be removed;

§ Obstacles should be placed at least 0.5m from the membrane (measured perpendicular to the 

fabric); 

§ The tent will be closed for public access when strong winds occur (see summary, part wind 

load);

§ The anchorage is based on dense, non-cohesive soil. When the tent is built on a different soil, 

extra anchorage should be  provided or anchorage test should be conducted. 

§ Only decorations, music- and light installations of less than 10 kg per pole, can be attached to 

the structure;

§ A snow load of 0.1 kN/m2 (4cm) is taken into account, according to the French CTS.

§ The possibility of a center pole to fall over due to the lifting of the fabric, should be prevented at 

all times. Therefore the 3.5m high poles require additional security against falling over.
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This document applies to the built construction if the following principles and conditions are met:This document applies to the built construction if the following principles and conditions are met:

The used materials, parts and sections (membrane, poles, ties, anchoring) are in accordance The used materials, parts and sections (membrane, poles, ties, anchoring) are in accordance 

The dimensions of the built structure match the dimensions stated in this document; The dimensions of the built structure match the dimensions stated in this document; 

Obstacles should be placed at least 0.5m from the membrane (measured perpendicular to the Obstacles should be placed at least 0.5m from the membrane (measured perpendicular to the 

closed for public access when strong winds occur (see summary, part wind closed for public access when strong winds occur (see summary, part wind 

cohesive soil. When the tent is built on a different soil, cohesive soil. When the tent is built on a different soil, 

extra anchorage should be  provided or anchorage test should be conducted. extra anchorage should be  provided or anchorage test should be conducted. 

and light installations of less than 10 kg per pole, can be attached to and light installations of less than 10 kg per pole, can be attached to 

(4cm) is taken into account, according to the French CTS.(4cm) is taken into account, according to the French CTS.

The possibility of a center pole to fall over due to the lifting The possibility of a center pole to fall over due to the lifting 

the 3.5m high poles the 3.5m high poles require additional security against falling over.require additional security against falling over.
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G. Wind speeds

G.1 Allowable wind speeds

Wind can be expressed in different ways:

§ 10 minutes average wind speed – an average wind speed measured for 10 minutes in a 10m 

height in an open terrain (EN 1991-1-4 terrain category II).

§ Peak wind speed – a short term maximum gust of wind with a certain speed, depending on the 

height. Often given in km/h

The wind pressure that is used for the calculation for a tent, is determining for the strength of the tent. 

Therefore it is important that the wind speed is determined correctly to check if the wind pressure is 

exceeded. 

In the structural analysis a wind pressure 0.50 kN/m2 at 4m is used. For certain elements, a reduced 

wind pressure of 0.345 N/m2 is necessary. According to EN 13782, a wind pressure of 

0.30 kN/m2 may be applied in the case of tents with a width ≤ 10 m or less and a height ≤ 5m.

The wind speeds given below are limit values and correspond to a wind pressure of 0.50 kN/m2 at 4m

height, which is valid for the use of the below stated elements. Above the given wind speed values the 

strength and/or stability of the structure is not guaranteed to be safe.

Pw = 500 N/m² For a Triflexx fabric, BL fabric clamp ≥ 674 kg, Anchor Leff ≥ 700mm

Out of order: Coast *1 Flattened, 
open area *2 Rural *3 Village *4 City * 5

A. Beaufort (indicative) > 7 Bft > 7 Bft > 8 Bft > 9 Bft > 9 Bft

B. 10 minutes average wind 
speed:

> 17.9 m/s > 18.9 m/s > 21.1 m/s > 25.0 m/s > 26.1 m/s

C. Peak wind speed (gust): > 102 km/h > 102 km/h > 102 km/h > 102 km/h > 102 km/h

1. Coast means: Sea or coastal area with wind coming from open sea.
2. Flattened, open area means: Lakes of flat and horizontal areas with negligible vegetation and without 

obstacles. 
3. Rural means: Area with low vegetation like grass and free standing obstacles (trees, buildings) with an in 

between distance of at least 20 times the obstacle height.
4. Village means: Areas with regular vegetation or buildings or free standing obstacles with an in between

distance of less than 20 times the obstacle height (like villages, suburban areas, permanent forests) 
5. City means: Areas where at least 15% of the surface is covered with building with an average height of 

more than 15m.

The given values above (A, B and C) can be measured in different ways and can be used 

independently:

A. This is an indicative Beaufort scale which belongs to the 10 minutes average wind speed. This 
values has to come from the closest meteostation.

B. 10 min average wind speed at 10 meter height in an open terrain, this value should come from 
the closest meteostation.

C. Peak wind speed, this value should be measured at the highest point of the tent. 
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wind speed measured for 10 minutes in a 10m wind speed measured for 10 minutes in a 10m 

maximum gust of wind with a certain speed, depending on the maximum gust of wind with a certain speed, depending on the 

calculation for a tent, is determining for the strength of the tent. calculation for a tent, is determining for the strength of the tent. 

Therefore it is important that the wind speed is determined correctly to check if the wind pressure is Therefore it is important that the wind speed is determined correctly to check if the wind pressure is 

is usedsed.. For certain elements, aFor certain elements, a

ccording to EN 13782, according to EN 13782, a wind wind pressure of 

e case of tents with a width ≤ 10 m or less and 10 m or less and 

and correspond to a wind pressure of and correspond to a wind pressure of 

height, which is valid for the use of the below stated elements. height, which is valid for the use of the below stated elements. Above the given Above the given 

strength and/or stability of the structure is not guaranteed to be safe.strength and/or stability of the structure is not guaranteed to be safe.

For a Triflexx fabric, BL fabric clamp For a Triflexx fabric, BL fabric clamp ≥≥ 674 kg, Anchor Leff 674 kg, Anchor Leff 

Coast *1 Flattened, Flattened, 
open areaopen area
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Coast means: Sea or coastal area with wind coming from open sea.Coast means: Sea or coastal area with wind coming from open sea.
, open area means: Lakes of flat and horizontal areas with negligible vegetation and without , open area means: Lakes of flat and horizontal areas with negligible vegetation and without 

Rural means: Area with low vegetation like grass and free standing obstacles (trees, buildings) with an Rural means: Area with low vegetation like grass and free standing obstacles (trees, buildings) with an 
distance of at least 20 times the obdistance of at least 20 times the ob

Village means: Areas with Village means: Areas with regular vegetationregular vegetation
distance of less than 20 times the obstacle height (like villages, suburban areas, permanent forests) distance of less than 20 times the obstacle height (like villages, suburban areas, permanent forests) 
City means: Areas where at least 15% of the surface is covered with building with an average height of means: Areas where at least 15% of the surface is covered with building with an average height of 
more than 15m.more than 15m.

The given values aboveThe given values above (A, B 

independently:independently:

This is an indicative Beaufort scale which This is an indicative Beaufort scale which 
values has to come from the closest meteostation.
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G.2 Wind speed calculation

The maximum wind speed is converted into a basic wind speed for a coastal area, flattened/open area, 

rural area, village and city according to EN 1991-1-4. Terrain roughness is taken according to the 

recommended general values for the different terrain categories for Europe. (not country specific) 

Wind pressure according to EN13782 Pw;EN13782 = 500 N/m2

Reduced wind pressure Pw;red = 345 N/m2

Peak wind speed at 4m height

Equation:

500 = 1 2! × " ×#$ = 1 2! × 1.25 ×#$ % # = 28.3 & '( % ± 102 )&/* Eq. 4.10 UNI-EN 1991-1-4
Basic wind pressure

345 = 1 2! × " ×#$ = 1 2! × 1.25 ×#$ % # = 23.5 & '( % ± 85 )&/* Eq. 4.10 UNI-EN 1991-1-4
Basic wind pressure

Wind speed coastal area at 10m height (Europe) – Tent height = 4m

+, = 0.19 × - 670.05:
7.7;

= 0.19 × <0.0030.05 >
7.7;

= 0.15? Eq. 4.5 UNI-EN 1991-1-4
Terrain factor for coastal area

@, = +, × ln < 667> = 0.15? × ln < 4
0.003> = 1.123

Eq. 4.4 UNI-EN 1991-1-4
Roughness factor at 4m height 

Z = 4 > Zmin = 1

AB = @, ×AC = 1.123 × AC Eq. 4.3 UNI-EN 1991-1-4
Average wind speed at height

DE = +, × AC = 0.15? × AC Eq. 4.6 UNI-EN 1991-1-4
Standard deviation of turbulence

FE = DE
AB = 0.15? × AC

1.123 × AC = 0.139 Eq. 4.7 UNI-EN 1991-1-4
Turbulence intensity

GH = I1 J K×FEL × 1 2! × " × AB$ = 1.554 × AC$ Eq. 4.8 UNI-EN 1991-1-4
Extreme wind pressure

Equation:

500 = 1.554× AC$ % 'MN#OPQ QO#R' % AC = 1K.9 & '( Characteristic wind speed

345 = 1.554× AC$ % 'MN#OPQ QO#R' % AC = 14.9 & '( Characteristic wind speed
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4. Terrain roughness is taken according to the 

recommended general values for the different terrain categories for Europe. (not country specific) recommended general values for the different terrain categories for Europe. (not country specific) 

)&/*
85 )&//**

Wind speed coastal area at 10m height (Europe) – TentTent heightheight = 4

0.15?15?

1.123123

139
" × AABBAAA $$ == 1.554554 × A

C$ % 'MN#OPQ'MN#OPQ QO#R'QO#R' %
ACA $ %% 'MN#OPQ'MN#OPQ QO#R'QO#R'
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Wind speed flattened, open area at 10m height (Europe) – Tent height = 4m

+, = 0.19 × - 670.05:
7.7;

= 0.19 × <0.010.05>
7.7;

= 0.1K0 Eq. 4.5 UNI-EN 1991-1-4
Terrain factor for coastal area

@, = +, × ln < 667> = 0.1K0 × ln < 4
0.01> = 1.01K

Eq. 4.4 UNI-EN 1991-1-4
Roughness factor at 4m height 

Z = 4 > Zmin = 1

AB = @, ×AC = 1.01K × AC Eq. 4.3 UNI-EN 1991-1-4
Average wind speed at height

DE = +, × AC = 0.1K0 × AC Eq. 4.6 UNI-EN 1991-1-4
Standard deviation of turbulence

FE = DE
AB = 0.1K0 × AC

1.01K × AC = 0.1?K Eq. 4.7 UNI-EN 1991-1-4
Turbulence intensity

GH = I1 J K×FEL × 1 2! × " × AB$ = 1.402 × AC$ Eq. 4.8 UNI-EN 1991-1-4
Extreme wind pressure

Equation:

500 = 1.402× AC$ % 'MN#OPQ QO#R' % AC = 18.9 & '( Characteristic wind speed

345 = 1.402× AC$ % 'MN#OPQ QO#R' % AC = 15.K & '( Characteristic wind speed

Wind speed rural area at 10m height (Europe) – Tent height = 4m

+, = 0.19 × - 670.05:
7.7;

= 0.19 × <0.050.05>
7.7;

= 0.190 Eq. 4.5 UNI-EN 1991-1-4
Terrain factor for coastal area

@, = +, × ln < 667> = 0.190 × ln < 4
0.05> = 0.833

Eq. 4.4 UNI-EN 1991-1-4
Roughness factor at 4m height 

Z = 4 > Zmin = 2

AB = @, ×AC = 0.833 × AC Eq. 4.3 UNI-EN 1991-1-4
Average wind speed at height

DE = +, × AC = 0.190 × AC Eq. 4.6 UNI-EN 1991-1-4
Standard deviation of turbulence

FE = DE
AB = 0.190 × AC

0.833 × AC = 0.228 Eq. 4.7 UNI-EN 1991-1-4
Turbulence intensity

GH = I1 J K×FEL × 1 2! × " × AB$ = 1.125 × AC$ Eq. 4.8 UNI-EN 1991-1-4
Extreme wind pressure

Equation:

500 = 1.125× AC$ % 'MN#OPQ QO#R' % AC = 21.1 & '( Characteristic wind speed

345 = 1.125× AC$ % 'MN#OPQ QO#R' % AC = 1K.5 & '( Characteristic wind speed
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Eq. 4.4 UNI
Roughness factor at 4m height Roughness factor at 4m height 

Z = 4 > ZZ = 4 > Z

Eq.Eq. 4.3 UNI4.3 UNI-EN 1991EN 1991
Average wind speed at heightAverage wind speed at height

Eq.Eq. 4.6 UNI4.6 UNI-EN 1991
Standard deviation of turbulenceStandard deviation of turbulence

Eq.Eq. 4.7 UNI4.7 UNI
Turbulence intensityTurbulence intensity

Eq. 4.8 UNI
Extreme wind pressure

Tent height = 4mTent height = 4m

= 11.125125 ×× AACCA $$

'MN#OPQ QO#R'QO#R' %% AACA = 21
'MN#OPQ'MN#OPQ QO#R'QO#R' %% ACA
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Wind speed village at 10m height (Europe) – Tent height = 4m

+, = 0.19 × - 670.05:
7.7;

= 0.19 × < 0.30.05>
7.7;

= 0.215 Eq. 4.5 UNI-EN 1991-1-4
Terrain factor for coastal area

@, = +, × ln < 667> = 0.215 × ln < 50.3> = 0.?0?
Eq. 4.4 UNI-EN 1991-1-4

Roughness factor at 4m height 
Z  = Zmin = 5

AB = @, ×AC = 0.?0? × AC Eq. 4.3 UNI-EN 1991-1-4
Average wind speed at height

DE = +, × AC = 0.215 × AC Eq. 4.6 UNI-EN 1991-1-4
Standard deviation of turbulence

FE = DE
AB = 0.?0? × AC

0.215 × AC = 0.355 Eq. 4.7 UNI-EN 1991-1-4
Turbulence intensity

GH = I1 J K×FEL × 1 2! × " × AB$ = 0.801 × AC$ Eq. 4.8 UNI-EN 1991-1-4
Extreme wind pressure

Equation:

500 = 0.801× AC$ % 'MN#OPQ QO#R' % AC = 25.0 & '( Characteristic wind speed

345 = 0.801× AC$ % 'MN#OPQ QO#R' % AC = 20.8 & '( Characteristic wind speed

Wind speed city at 10m height (Europe) – Tent height = 4m

+, = 0.19 × - 670.05:
7.7;

= 0.19 × < 1
0.05>

7.7;
= 0.234 Eq. 4.5 UNI-EN 1991-1-4

Terrain factor for coastal area

@, = +, × ln < 667> = 0.234 × ln <101 > = 0.540
Eq. 4.4 UNI-EN 1991-1-4

Roughness factor at 4m height 
Z = Zmin = 10

AB = @, ×AC = 0.540 × AC Eq. 4.3 UNI-EN 1991-1-4
Average wind speed at height

DE = +, × AC = 0.234 × AC Eq. 4.6 UNI-EN 1991-1-4
Standard deviation of turbulence

FE = DE
AB = 0.540 × AC

0.234 × AC = 0.434 Eq. 4.7 UNI-EN 1991-1-4
Turbulence intensity

GH = I1 J K×FEL × 1 2! × " × AB$ = 0.K35 × AC$ Eq. 4.8 UNI-EN 1991-1-4
Extreme wind pressure

Equation:

500 = 0.K35× AC$ % 'MN#OPQ QO#R' % AC = 2?.1 & '( Characteristic wind speed

345 = 0.K35× AC$ % 'MN#OPQ QO#R' % AC = 21.K & '( Characteristic wind speed
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Eq. 4.4 UNI
Roughness factor at 4m height Roughness factor at 4m height 

Z  = ZZ  = Z

Eq.Eq. 4.3 UNI4.3 UNI-EN 1991EN 1991
Average wind speed at heightAverage wind speed at height

Eq.Eq. 4.6 UNI4.6 UNI-EN 1991
Standard deviation of turbulenceStandard deviation of turbulence

Eq.Eq. 4.7 UNI4.7 UNI
Turbulence intensityTurbulence intensity

Eq. 4.8 UNI
Extreme wind pressure

Tent height = 4mTent height = 4m

= 00.K35K35 ×× AACCA $$

'MN#OPQ QO#R'QO#R' %% AACA = 2?
'MN#OPQ'MN#OPQ QO#R'QO#R' %% ACA
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Terrain categories:

0: Coastal area: I: Flattened, open area:

II: Rural area: III: Village

IV: City
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Village
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H.1. Project description

H.1.1 Description

The principle of a stretch tent  is based on a rectangular piece of stretchable fabric.The membrane is 

supported by poles, both at the edge and in the field. The perimeter poles are stabilized by ties. 

Besides, it is also possible to tie down the edge of the membrane directly to the ground. There is a 

freedom in positioning the poles and therewith a freeform design can be obtained. 

The disadvantage of this form-flexibility is the difficulty in researching and arranging all possible 

configurations in a static analysis. The structural calculation in this report shows the static analysis of 

the 10x15m dimension, where a configuration is considered which has all sides open. 

Paragraph H.1.2 shows the geometry of the analyzed 10x15m configuration.

Main dimensions, position of poles, ties and anchors can be found in Chapter E.*

* The analyzed geometry contains 6 main poles with a height of 4m. One row of main poles is lowered 

to 3.5 meters for the standard set-up to improve the drainage. This does not have disadvantageous 

consequences for the resulting forces and is therefore allowed as long as the 3.5m poles are secured 

against falling over.
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The membrane is The membrane is 

supported by poles, both at the edge and in the field. The perimeter poles are stabilized by ties. supported by poles, both at the edge and in the field. The perimeter poles are stabilized by ties. 

Besides, it is also possible to tie down the edge of the membrane directly to the ground. There is a Besides, it is also possible to tie down the edge of the membrane directly to the ground. There is a 

and therewith a freeform design can be obtained. 

flexibility is the difficulty in researching and flexibility is the difficulty in researching and arrangingarranging all possi

n this report shows the staticn this report shows the static

, where a configuration is considered which has all sides open. , where a configuration is considered which has all sides open. 

analyzedanalyzed 110x15m0x15m

Main dimensions, position of poles, ties and anchors can be found in Chapter E.Main dimensions, position of poles, ties and anchors can be found in Chapter E.*

n poles with a height of 4m. Onen poles with a height of 4m. One row of main poles is lowered 

to improve the drainage. to improve the drainage. This does nThis does not have disadvantage

consequences for the resulting forces and is therefore allowed as long as the 3.5m poles are secured consequences for the resulting forces and is therefore allowed as long as the 3.5m poles are secured 
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H.1.2 Geometry

"#$%&' (: Configuration ‘)*+,-#.$/!0#1'.2#+. (34(51
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H.2. Materials and cross sections

H.2.1 Materials

H.2.1.1 Fabric

Design tensile strength fd ftk / γm art 8.6. NEN-EN 13782

Characteristic tensile strength (warp) ftk,ketting

Characteristic tensile strength (weft) ftk,inslag

Material factor – global, permanent load γm 2.5 tbl 4. NEN-EN13782

Material factor – global, short duration load γm 2.0 tbl 4. NEN-EN13782

6,7*'!(8!92'0!2:17+*2/!;+0'2!,.0!2-,.0,&0!)+&!),7&#;!1,-'&#,*2

Material Type Weight frd;warp;perm frd; weft;perm frd; warp;short frd: weft;short

PES + PU/PVC
Triflexx

- 443 gr/m2 8.14 kN/m 5.07 kN/m 10.18 kN/m 6.34 kN/m

PES + PU/PVC
Proflexx

- 530 gr/m2 4.80 kN/m 3.20 kN/m 6.00 kN/m 4.00 kN/m

6,7*'!<8!92'0!),7&#;2

H.2.1.2 Belts

Design resistance Frd Rm / γm art. 10.2 NEN-EN 13782

Characteristic tensile strength Rm LC x γm2

“Lashing Capacity” LC Conform EN 12195 - 2

Material factor γm1 2.0 art.10.4. NEN-EN 13782

Material factor γm2 3.0 EN 12195 - 2

6,7*' =8!92'0 1,-'&#,*!),;-+&2

Material
LC Breaking 

strength Rm Frd

Tension belt, [PES] EN 12195-2
400kg
4 kN

1200 kg
12 kN

6.0 kN

Storm belt, [PES] EN 12195-2
666 kg
6.66 kN

2000 kg
20 kN

10 kN

6,7*' >8!92'0!7'*-2!?2-+&1 7'*-@

The above specified belts are often used for the 10x15m bonga stretchtent. However, the needed 

breaking strengths for the reduced wind loads are lower. (see chapter D).bo
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rd; weft;permrd; weft;perm ffrd; warp;shortrd; warp;short

5.07 kN/mkN/m 10.1810.18 kN/m
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3.203.20 kN/mkN/m 6.00
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, [PES] EN 12195, [PES] EN 12195--22
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[PES] EN 12195[PES] EN 12195-22
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7'*-2!7'*-2!??2-+&12-+&1 77'*-'*-@@

The above specified belts are often used for the 10x15m The above specified belts are often used for the 10x15m 

breaking strengths forbreaking strengths for
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H.2.1.3 Aluminum

Material factor (strength) γm1 1.1 tbl. 6.1. NEN-EN 1999-1-1

Material factor (stability) γm1 1.1 tbl 6.1. NEN-EN 1999-1-1

Material factor (tension to fracture/connections) γm2 1.25 tbl 2.1. NEN-EN 1999-1-1

6,7*' (8!92'0!1,-'&#,*!),;-+&2

Material Weight E-modulus fy fu

6061 T6 2700 kg/m3 70000 N/mm2 240 N/mm2 260 N/mm2

6,7*' 58!92'0!,*%1#.%1!1,-'&#,*2

H.2.2 Cross sections

Profile Material b 

mm

t

mm

G

kg/m1

A

mm2

Iy

mm4

Wel;y

mm3

Wpl;y

mm3

Center pole
Ø60 x 3.1mm

Al 6061 T6 60 3.1 1.50 554 224929 7498 10047

Perimeter pole 2.7m
Ø40 x 2mm

Al 6061 T6 40 2.0 0.65 239 43216 2161 2891

Perimeter pole 2.2m
Ø40 x 2mm

Al 6061 T6 40 2.0 0.65 239 43216 2161 2891

6,7*' A8!92'0!;&+22!2';-#+.2
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tbl 6.1. NEN-EN 1999

2.1. NEN-EN 1999EN 1999
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kg/mkg/m1

AA

mmmm2

Iy

mm

1.501.50 554554
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2.0 0.650.65 239
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2.02.0 0.650.65
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H.3. Calculation method

H.3.1 Modeling

The analysis of the structure is performed with the software package EASY FCS supplied by 

TECHNET GmbH, Berlin. This software is specially developed for structures with large deformability, 

such as membrane structures. The performed analysis  is a full non-linear second order analysis.

The membrane structure is modeled in 3D. The membrane is modeled as a cable net structure and 

supported by poles. These center poles will be stabilized by the tensioned membrane.  The perimeter 

poles are stabilized and tied down by guy ropes or tension belts, which are attached to ground 

anchors. 

H.3.2 Structural behavior of membrane structures

The forces in a tent structure are based on the deformations of the fabric. Since the fabric is a highly 

deformable material, it is only possible to calculate stresses and deformations with a non-linear method. 

Therefore the non-linear software Easy FSC is used.

Because of the non-linearity of the calculations the partial safety factors are not applied beforehand, but 

afterwards. This is done to prevent that the deformations increase due to the extra partial safety factors, 

which has a positive effect on the occurring stresses (clarifying: a cable with a high structural height has 

lower horizontal reaction forces than a cable with a low structural height). In this case it is therefore 

unsafe to apply the partial safety factors on the load beforehand. Furthermore, the forces cannot be 

recalculated linearly. This has as a consequence that it is not possible to differentiate in the partial safety 

factors, since the different load cases are already combined to a load combination. 

"#$%&' <8!B',;-#+.!)+&;'2!+)!,!C,.$#.$!;,7*'8!

As a membrane structure is a form-active structure, article 6.3 (4) b) of the EN-1990:2002 applies:

When the action effect increases less than the action, the partial factor gF  should be applied to 

the action effect of the representative value of the action.
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&;'2!+)!,!C,.$#.$!;,7*'8!&;'2!+)!,!C,.$#.$!;,7*'8!

a membrane structure is a forma membrane structure is a form

When the action effect increases less than the action, the partial factor When the action effect increases less than the action, the partial factor 

the action effect of the the action effect of the representative value of the action.
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The analysis of the structure is performed with the software package EASY FCS supplied by The analysis of the structure is performed with the software package EASY FCS supplied by 

for structures with large deformability, for structures with large deformability, 

linear second order analysis.linear second order analysis.

The membrane structure is modeled in 3D. The membrane is modeled as a cable net structure and The membrane structure is modeled in 3D. The membrane is modeled as a cable net structure and 

ese center poles will be stabilized by the tensioned membrane.  The perimeter ese center poles will be stabilized by the tensioned membrane.  The perimeter 

poles are stabilized and tied down by guy ropes or tension belts, which are attached to ground poles are stabilized and tied down by guy ropes or tension belts, which are attached to ground 

structure are based on the deformations of the fabric. Since the fabric is a highly structure are based on the deformations of the fabric. Since the fabric is a highly 

deformable material, it is only possible to calculate stresses and deformations with a nondeformable material, it is only possible to calculate stresses and deformations with a non

linearity of the calculations the partial safety factors are not applied beforehand, but linearity of the calculations the partial safety factors are not applied beforehand, but 

afterwards. This is done to prevent that the deformations increase due to the extra partial safety factors, afterwards. This is done to prevent that the deformations increase due to the extra partial safety factors, 

which has a positive effect on the occurring stressewhich has a positive effect on the occurring stresses (clarifying: a cable with a high structural height has s (clarifying: a cable with a high structural height has 

lower horizontal reaction forces than a cable with a low structural height). In this case it is therefore lower horizontal reaction forces than a cable with a low structural height). In this case it is therefore 

unsafe to apply the partial safety factors on the load beforehand. Furthermore, the forces caunsafe to apply the partial safety factors on the load beforehand. Furthermore, the forces ca

recalculated linearly. This has as a consequence that it is not possible to differentiate in the partial safety recalculated linearly. This has as a consequence that it is not possible to differentiate in the partial safety 

cases are already combined to a load combination. cases are already combined to a load combination. 



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 22

H.3.3 Structural behavior of stretch membrane

The stretch tent is a form active structure based on the curvature principle. When the membrane is 

loaded, the curvature in the structure is increasing or decreasing, depending on the direction of the 

curvature. This change in curvature takes care of the regulation of the stresses in the fabric. The change 

of curvature, and thereby also the deformations, is substantial due to the flexible nature of the 

membrane.

The poles are supporting the fabric. The application of rounded caps at the top of the poles reduces the 

peak loads in the fabric. Vice versa, the fabric supports the poles in transverse direction, enabling the 

assumption of a 2-sided hinged pole.

H.3.4 Structural system

The modelled membrane structure is made out of an initially flat membrane. By supporting the 

membrane at multiple points, a smooth curved surface will be created.

The boundaries of the membrane are finished with a tunnel that has a width of 80mm. On a regular 

distance and in the corners reinforcing pieces (PVC fabric, 2500 N tension strength) are applied that are 

welded in the sew. A trapezoidal cord "8mm is integrated in the perimeter, which stretches with the 

fabric. On this tendon clamps can be applied on the places where the reinforcement is applied.

"#$%&' =D!E-&%;-%&,*!2:2-'1!+)!-C'!-'.-!2-&%;-%&'8

Remark: In the model one tension belt is accounted for in the corners. In reality there will be two.

Perimeter pole

Center/Main pole

Guy-rope/

Tension belt

Storm belt
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Remark: In the modelRemark: In the modelbo
ng
as
tr
et
ch
te
nt
.c
om

curvature. This change in curvature takes care of the regulation of the stresses in the fabric. The change 

of curvature, and thereby also the deformations, is substantial due to the flexible nature of the of curvature, and thereby also the deformations, is substantial due to the flexible nature of the 

pporting the fabric. The application of rounded caps at the top of the poles reduces the pporting the fabric. The application of rounded caps at the top of the poles reduces the 

peak loads in the fabric. Vice versa, the fabric supports the poles in transverse direction, enabling the peak loads in the fabric. Vice versa, the fabric supports the poles in transverse direction, enabling the 

odelled membrane structure is made out of an initially flat membrane. By supporting the odelled membrane structure is made out of an initially flat membrane. By supporting the 

membrane at multiple points, a smooth curved surface will be created.membrane at multiple points, a smooth curved surface will be created.

The boundaries of the membrane are finished with a tunnel that has a width of The boundaries of the membrane are finished with a tunnel that has a width of 

distance and in the corners reinforcing pieces (PVC fabric, 2500 N tension distance and in the corners reinforcing pieces (PVC fabric, 2500 N tension strength

is integrated in the perimeter,is integrated in the perimeter,

the places where the reinforcement is applied.the places where the reinforcement is applied.
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H.3.5 Load combinations

H.3.5.1 Fundamental - Ultimate limit state

For the purpose of determination of strength and  check of elements and connections.

One variable load Multiple variable loads

Unfavorable permanent load 1.35 ×S J 1.5×G 1.35 ×S J T1.35 × GU

Favorable permanent load 1.0×S J 1.5×G 1.0 ×S J T1.35 × GU

6,7*'!F8!G+,0!;+17#.,-#+.2!,;;+&0#.$!-+!HIHJIH!(=FK<

This means the following load combinations will be checked/calculated

1. 1.0 x Own weight +  1.5 x Wind load

2. 1.35 x Own weight + 1.35 x Conventional load

H.3.5.2 Safety against overturning, sliding and uplifting - Ultimate limit state

For the purpose of determination and check of needed contra weight and/or anchor pins

One or multiple variable loads

Unfavorable permanent load 1.1 ×S J 1.2 × GVUWX J T1.3 × GU

Favorable permanent load 1.0 ×S J 1.2 × GVUWX J T1.3 × GU
6,7*'!K8!G+,0!;+17#.,-#+.2!,;;+&0#.$!-+!HIHJIH!(=FK<

This means the following load combinations will be checked/calculated

1. 1.0 x Own weight +  1.2 x Wind load
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Multiple variable loadsable loads
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combinations will be checked/calculatedcombinations will be checked/calculated

Safety against overturning, sliding and uplifting Safety against overturning, sliding and uplifting - Ultimate limit state

For the purpose of determination and check of needed For the purpose of determination and check of needed contra weight and/or anchor pinscontra weight and/or anchor pins
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8!G+,0!;+17#.,-#+.2!,;;+&0#.$!8!G+,0!;+17#.,-#+.2!,;;+&0#.$!-+!HIH-+!HIHJIH!(=FK<IH!(=FK<

This means the following load combinations will be checked/calculatedThis means the following load combinations will be checked/calculated

1.0 x Own weight +  1.2 x Wind load1.0 x Own weight +  1.2 x Wind load



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 24

H.4. Load cases

H.4.1 Own weight

The own weight of the fabric is ≤ 0.530 kg/m2  and is added in the software as separate load case. 

H.4.2 Pretension

The structure will be pretensioned with guy ropes / tension belts. This results in a pretension in the fabric 

of about 0.10 kN/m1 at the boundaries. Locally (where the side poles are attached to the fabric) higher 

pretensions occur due to the stretching nature of the fabric.

H.4.3 Wind

H.4.3.1 Wind pressure

Wind load according to NEN-EN 13782, 7.4.2.2:

For any other location where vref > 28 m/s*, calculations shall be provided for the tent verifying the 

stability and resistance with the local conditions. Special measures have to be taken. In the design 

calculations the necessary means shall be verified through calculation.

For vref < 28 m/s*, the wind load per unit may be evaluated applying the following minimum values given 

in EN 1991-1-4 with: 

CTEM = 0.8

Tr = 10 years

Cd = 1

Calt = 1

* The stated value for wind speed is a 10-minute average, measured at 10m height.

According to table 1 of EN 13782 article 7.4.2.2, this results in a wind pressure of 500 N/m2 in case of 

tents with a height equal or less to 5m. However, a reduced wind pressure of pw = 300 N/m2 may be 

applied in the case of tents with a width ≤ 10 m and a height ≤ 5 m.

Due to the capacity, certain elements require a wind pressure between 300 N/m2 < pw < 500 N/m2  :

· Proflexx fabric, reduction factor α = 0.71, wind pressure pw,red = 0.355 kN/m2

· Fabric clamps BL 374kg, reduction factor α = 0.69, wind pressure pw,red = 0.345 kN/m2

However, there are replacements available (Triflexx fabric, Fabric clamps BL ≥ 674 kg) that will sustain 

a wind pressure of 500 N/m2.bo
ng
as
tr
et
ch
te
nt
.c
om

and is added in the software as separate load case. and is added in the software as separate load case. 

with guy ropes / tension belts. This results in a pretension in the fabric with guy ropes / tension belts. This results in a pretension in the fabric 

at the boundaries. Locally (where the side poles are attached to the fabric) higher at the boundaries. Locally (where the side poles are attached to the fabric) higher 

> 28 m/s*, calculations shall be provided for the tent verifying the > 28 m/s*, calculations shall be provided for the tent verifying the 

stability and resistance with the local conditions. Spstability and resistance with the local conditions. Special measures have to be taken. In the design ecial measures have to be taken. In the design 

calculations the necessary means shall be verified through calculation.calculations the necessary means shall be verified through calculation.

< 28 m/s*, the wind load per unit may be evaluated applying the following minimum values given < 28 m/s*, the wind load per unit may be evaluated applying the following minimum values given 

* The stated value for wind speed is a 10* The stated value for wind speed is a 10--minute average, measured at 10m height.minute average, measured at 10m height.

ording to table 1 of EN 13782 articleording to table 1 of EN 13782 article 7.4.2.2, 

tents with a height equal or less to 5m.tents with a height equal or less to 5m.

applied in the case of tents with a width ≤ 10 m and a height ≤ 5 m.applied in the case of tents with a width ≤ 10 m and a height ≤ 5 m.

Due to the capacity, certain elements require a wind pressure between 300 N/Due to the capacity, certain elements require a wind pressure between 300 N/

Proflexx fabricflexx fabric, reduction factorreduction factor

Fabric clampsFabric clamps BL 374kgBL 374kg

However, there are replacements available (TriflexxHowever, there are replacements available (Triflexx

a wind pressure of a wind pressure of 500 N/m
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H.4.3.2 Wind shape values

Two different wind situations are reviewed for the membrane:

§ The whole tent is subjected to wind suction 

§ The whole tent is subjected to wind pressure

Wind suction – floating configurations

Wind shape values (Cp – values) in accordance to art.7.4.2.3 of NEN-EN 13782.

pw,red Factor α pw,rep

500 N/m2 1 -0.7 x (1 x 0.500) = -0.35 kN/m2

355 N/m2 0.71 -0.7 x (0.71 x 0.500) = -0.25 kN/m2

345 N/m2 0.69 -0.7 x (0.69 x 0.500) = -0.24 kN/m2

Wind pressure

Wind shape values (Cp – values) in accordance to art.7.4.2.3 of NEN-EN 13782.

pw,red Factor α pw,rep

500 N/m2 1 0.3 x (1 x 0.500) = 0.15 kN/m2

355 N/m2 0.71 0.3 x (0.71 x 0.500) = 0.11 kN/m2

345 N/m2 0.69 0.3 x (0.69 x 0.500) = 0.10 kN/m2
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EN 13782.

-0.35 kN/m0.35 kN/m2
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= -0.25 kN/m0.25 kN/m2
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0.7 x (0.69 x 0.500) = = --0.24 kN/m0.24 kN/m2
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values) in accordance to art.7.4.2.3 of NENvalues) in accordance to art.7.4.2.3 of NEN

Factor α ppw,repw,rep

0.3 x (1 x 0.500) 0.3 x (1 x 0.500) 
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0.71 0.3 x (0.71 x 0.500) 0.3 x (0.71 x 0.500) 

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

0.690.69 0.3 x (0.69 x 0.500) 
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H.4.4 Conventional / snow load

Conventional load according to article 7.3 of NEN-EN 13782: The stability shall be checked with a 

conventional vertical load of 0,1 kN/m2. This load shall not be combined with other load cases, except 

self-weight. This can be seen as a snow load of 0.1 kN/m2 (4cm) according the French CTS. 

H.4.5 Snow load

According to NEN-EN 13782, article 7.4.3 it is not necessary to calculate with snow loads in the 

strength and stability analysis when the following terms apply:

§ The tent is constructed in an area where there is no likelihood of snow or;

§ Operated at a time of the year, where the likelihood of snow can be discounted or;

§ Where by design or operating conditions snow settling on the tent is prevented;

§ Where pre-planned operation action prevents snow from settling on the tent

This last condition may be achieved by:

· Sufficient heating equipment is installed and is ready for used and;

· Heating is started prior to snow fall and;

· Tent is heated in such a way that the whole of the roof cladding has an outside air 

temperature of more than +2 ˚C;

· Cladding is made and tensioned in such a way that ponding of water or any other 

deformation of the cladding cannot take place. 
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EN 13782: The stability shall be checked with a EN 13782: The stability shall be checked with a 

/m2. This load shall not be combined with other load cases, except /m2. This load shall not be combined with other load cases, except 

(4cm) according the French CTS. (4cm) according the French CTS. 

it is not necessary to calculate with snow lit is not necessary to calculate with snow loads in the oads in the 

The tent is constructed in an area where there is no likelihood of snow or;The tent is constructed in an area where there is no likelihood of snow or;

Operated at a time of the year, where the likelihood of snow can be discounted or;Operated at a time of the year, where the likelihood of snow can be discounted or;

operating conditions snow settling on the tent is prevented;operating conditions snow settling on the tent is prevented;

planned operation action prevents snow from settling on the tentplanned operation action prevents snow from settling on the tent

Sufficient heating equipment is installed and is ready for used and;Sufficient heating equipment is installed and is ready for used and;

started prior to snow fall and;started prior to snow fall and;

Tent is heated in such a way that the whole of the roof cladding has an outside air Tent is heated in such a way that the whole of the roof cladding has an outside air 

C;

Cladding is made and tensioned in such a way that ponding of water or any other Cladding is made and tensioned in such a way that ponding of water or any other 

deformation of the cladding cannot take place. deformation of the cladding cannot take place. 



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 27

H.5. Calculation results

H.5.1 Calculated load combinations

LC1 = Pretension 

LC2 = Own weight 

LC3 = Wind suction 

LC4 = Wind pressure 

LC5 = Conventional load / Snow load

The following load combinations are taken into account:

partial safety factors are added after the static analysis (see H.3.2).

LC 1 LC2 LC 2 LC 3 LC 4

CO 1 1 x 1 x

CO 2 1 x 1 x 1 x

CO 3 1 x 1 x 1 x

CO 4 1 x 1 x 1 x

6,7*' LD!M+17#.,-#+.2!?MN@
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LC 4LC 4
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H.5.2 Summary of determining forces per element

In the next paragraphs the results will be determined for a full wind pressure equal to pw = 0.5 kN/m2

unless indicated differently.

H.5.2.1 Membrane

Load combination Frep Pag

CO1. Own weight + pretension 0.23 kN/m 53

Max Triflexx CO2. Own weight + pretension + wind suction 3.78 kN/m 55

Max Proflexx CO2. RED: Own weight + pretension + wind suction 2.80 kN/m * 55

CO3. Own weight + pretension + wind pressure 2.48 kN/m 58

CO4. Own weight + pretension + conventional 1.78 kN/m 60

6,7*' (3D!G',0#.$!)+&;'2!1'17&,.'

* the stresses exceed the maximum value of 2.80 kN/m only locally at the boundaries where the 

membrane is stretched.

CO2 RED and CO3 RED give stresses for a reduced wind pressure of pw,red = 0.355 kN/m2. 
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pretension wind suction
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wind suction
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pretensionpretension + + wind pressurewind pressure
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the stresses exceed the maximum value of the stresses exceed the maximum value of 2.80 kN/m2.80 kN/m

give stresses for a reduced wind pressure of give stresses for a reduced wind pressure of 
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H.5.2.2 Center poles

Length Load combination Frep Pag.

4m

CO1. Own weight + pretension -0.27 kN 54

CO2. Own weight + pretension + wind suction 0 kN 57

Max CO3. Own weight + pretension + wind pressure -3.49 kN 59

CO4. Own weight + pretension + conventional -2.45 kN 61

6,7*' ((D!G',0#.$!)+&;'2!;'.-'&!O+*'2

H.5.2.3 Perimeter poles

Length Load combination Frep Pag.

2.7 m

CO1. Own weight + pretension -0.27 kN 54

CO2. Own weight + pretension + wind suction -1.12 kN 57

Max CO3. Own weight + pretension + wind pressure -2.01 kN 59

CO4. Own weight + pretension + conventional -1.38 kN 61

2.2 m

CO1. Own weight + pretension -0.25 kN 54

CO2. Own weight + pretension + wind suction -1.06 kN 57

Max CO3. Own weight + pretension + wind pressure -1.15 kN 59

CO4. Own weight + pretension + conventional -0.82 kN 61

6,7*' (<D!G',0#.$!)+&;'2!O'&#1'-'&!O+*'2
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H.5.2.4 Guy ropes / Tension belts

6'.2#+.!7'*- 6'.2#+.!7'*-!;+&.'&

Length Load combination Frep Pag.

Tension belt

CO1. Own weight + pretension 0.26 kN 54

Max CO2. Own weight + pretension + wind suction 3.59 kN 57

CO3. Own weight + pretension + wind pressure 1.86 kN 59

CO4. Own weight + pretension + conventional 1.18 kN 61

Tension belt corner

CO1. Own weight + pretension 0.53 kN 54

Max CO2. Own weight + pretension + wind suction 3.34 kN 57

CO3. Own weight + pretension + wind pressure 2.16 kN 59

CO4. Own weight + pretension + conventional 1.57 kN 61

6,7*' (=D!G',0#.$!)+&;'2!$%:!&+O'2

Remark: In the model one tension belt is accounted for at the corners. In reality there will be two. 

H.5.2.5 Storm belts

       

Load combination Frep Pag.

Max CO2. Own weight + pretension + wind suction 6.96 kN 57

6,7*' (>D!G',0#.$!)+&;'2!&'#.)+&;'1'.-2
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CO2. Own weight + pretension + wind suction
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CO3. Own weight + pretension + wind pressureCO3. Own weight + pretension + wind pressure
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CO4. Own weight + pretension + conventionalCO4. Own weight + pretension + conventional
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CO1. Own weight + pretensionCO1. Own weight + pretension
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CO3. Own weight + pretension + wind pressureCO3. Own weight + pretension + wind pressure
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CO4. Own weight + pretension + conventionalCO4. Own weight + pretension + conventional
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Remark: In the model one tension belt is accounted forRemark: In the model one tension belt is accounted for at the corners
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H.6. Check elements

H.6.1 Membrane

Load combination Element Representative 
stress

Design value 
stress

Pag.

CO2. Own weight + 
pretension + wind suction

Membrane

Short term load

-Triflexx -

3.78 kN/m 5.67 kN/m (γ = 1.5) 28

CO2. RED Own weight + 
pretension + wind suction

Membrane

Short term load 

-Proflexx -

2.80 kN/m 4.20 kN/m (γ = 1.5) 28

PES – PU/PVC, Triflexx or Proflexx fabric is used.

UC.1 Triflexx Pw = 500 N/m2 SEd / Srd < 1 5.67 / 6.34 = 0.89 < 1 OK

UC.2 Proflexx Pw = 355 N/m2 SEd / Srd < 1 4.20 / 4.00 = 1.05 ≈ 1 ACCEPTABLE

For the capacity of the membrane, see H.2.1.1- page 19

H.6.2 Center pole

Load combinations Element Representative 
force

Design value force Pag.

CO3. Own weight + pretension + 
wind pressure

Center pole 4.0m -3.49 kN -5.24 kN (γ = 1.5) 29

Profile = CHS Ø60 x 3.1 mm 

Length = ≤ 4m

Quality = EN AW-6061 T6 (EP)

The poles are considered as hinged poles; the buckling length is equivalent to the pole length.

UC.3
Interaction
(NM)

Pw = 500 N/m2 4.0m < YZX
[\Y,X>

7.]
= < 5.24

0.0?9×1×120.9>
7.]
= 0.?9 ^ 1 OK

See Annex C.1 for elaborate check
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5.67 / 6.34 = 0.89 
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4.20 / 4.00 = 1.05 
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For the capacity of the For the capacity of the 

Element Representative Representative 
force
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CHSCHS ØØ6060 x x 33.1 mm 

≤ 44mm

EN AWEN AW--606061 T6 (EP)

The poles are considered as hinged poles; the buckling length is equivalent to the pole length.The poles are considered as hinged poles; the buckling length is equivalent to the pole length.
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Pw = 500 N/m
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H.6.3 Perimeter pole

Load combinations Element Representative 
force

Design value force Pag.

CO3. Own weight + pretension + 
wind pressure

Perimeter pole
2.7m

-2.01 kN -3.02 kN (γ = 1.5) 29

CO3. Own weight + pretension + 
wind pressure

Perimeter pole
2.2m

-1.15 kN -1.73 kN (γ = 1.5) 29

Profile = CHS Ø40 x 2mm 

Length = ≤ 2.7m

Quality = EN AW-6061 T6 (EP)

The poles are considered as hinged poles; the buckling length is equivalent to the pole length.

UC.4
Interaction
(NM)

Pw = 500 N/m2 2.7m < YZX
[\Y,X>

7.]
= < 3.02

0.0?8×1×52.09>
7.]
= 0.88 ^ 1 OK

See Annex C.2 for elaborate check

UC.5
Interaction
(NM)

Pw = 500 N/m2 2.2m < YZX
[\Y,X>

7.]
= < 1.K3

0.101×1×52.09>
7.]
= 0.41 ^ 1 OK

See Annex C.3 for elaborate check

H.6.4 Guy rope / Tension belt

Load combination Element Representative 
force

Design value force Pag.

CO2. Own weight + pretension + 
wind suction

Tension belt 3.59 kN 5.39 kN (γ = 1.5) 30

CO2. Own weight + pretension + 
wind suction

Tension belt corner
3.34 / √2 
= 2.36 kN *

3.54 kN (γ = 1.5) 30

* Remark: In the model one tension belt is accounted for at the corners. In reality there will be two. 

The tension belts have a minimum breaking strength of 1200 kg.

UC.7 Tension belt Pw = 500 N/m2 Fd / Frd < 1 5.39 / 6.0 = 0.90 < 1.0 OK

For the capacity of the belt, see H.2.1.2- page 19

For a reduced wind pressure of 345 N/m2 the minimal needed breaking strength is:

α x Fd x γm1 = 0.69 x 5.39 x 2.0 = 7.44 kN ≈ 750 kgbo
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The poles are considered as hinged poles; the buckling length is equivalent to the pole length.The poles are considered as hinged poles; the buckling length is equivalent to the pole length.
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Tension belt corner

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

Remark: In the model one tension belt is accounted forRemark: In the model one tension belt is accounted for

The tension belts have a minimum breaking strength of The tension belts have a minimum breaking strength of 
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For a reduced wind pressure of For a reduced wind pressure of 

m1m1 = 0.69 x 5.39 x 2.0 = 7.44 kN = 0.69 x 5.39 x 2.0 = 7.44 kN 
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H.6.5 Storm belt

Load combination Element Representative 
force

Design value force Pag.

CO2. Own weight + pretension + 
wind suction

Storm belt 6.96 kN 10.44 kN (γ = 1.5) 30

The storm belts have a minimum breaking strength of 2000 kg:

UC.8 Storm belt Pw = 500 N/m2 Fd / Frd < 1 10.44 / 10.00 = 1.04  ≈ 1.0 ACCEPTABLE

For the capacity of the storm belts, see H.2.1.2- page 19

For a reduced wind pressure of 345 N/m2 the minimal needed breaking strength is:

α x Fd x γm1 = 0.69 x 10.44 x 2.0 = 14.41 kN ≈ 1450 kg

H.6.6 Fabric clamp

Load combination Element Representative 
force

Design value force Pag.

CO2. Own weight + pretension + 
wind suction

Tension belt 3.59 kN 5.39 kN (γ = 1.5) 30

CO2. Own weight + pretension + 
wind suction

Tension belt corner
3.34 / √2 
= 2.36 kN *

3.54 kN (γ = 1.5) 30

Results tensile tests clamps:

Average tensile strength Ftm: = 4675 N (see Annex D)

Design value capacity Frd = Ftk = 0.8 x 4675 = 3740 N (Eq. 10, EN 13782)

For a reduced wind pressure of 345 N/m2 the design value force is:

Fd,red = α x Fd = 0.69 x 5.39 = 3.72 kN = 372 kg

UC.9 Fabric clamp Pw = 345 N/m2 Fd,red / Frd < 1 3.72/ 3.74 = 0.99  < 1.0 OK

For a pressure of 500 N/m2 the minimal needed average tensile strength is:

Ftm =  Ftk / 0.8 = 5.39 / 0.8 = 6.74 kN = 674 kg

UC.10 Fabric clamp Pw = 500 N/m2 Fd,red / Frd < 1 5.39/ (0.8 x 6.74) = 1.0  OK
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needed breaking strength is:needed breaking strength is:

Representative Representative 
forceforce
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3.59 kN

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

bo
ng
as
tr
et
ch
te
nt
.c
om

Tension belt corner
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3.34 / 
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Ftm:

Frd = Frd = Ftk = Ftk = 0.8 x 4675 

pressure of 345 N/mpressure of 345 N/m22 the the design value force

Fd,red = α x Fd = 0.69 x 5.39 = 3.72 kNFd,red = α x Fd = 0.69 x 5.39 = 3.72 kN = 372 kg= 372 kg
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Pw = 345 N/m
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For a pressure of 500 N/mN/m2 the minimal needed the minimal needed 

=  Ftk / 0.8 = 5.395.39 / 0.8/ 0.8 = = 6.746.74
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Fabric clamp
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H.7. Safety against overturning, sliding and uplifting

H.7.1 Capacity anchor

Anchors of 25x25x750mm (T-profile) are used, taking into account an effective length of at least 

700mm. For a reduced wind load, however, an effective length of 500mm is sufficient. 

"#$%&' >D!6,P'.!)&+1 HIHJIH!(=FK<D!"#$%&'2!>!Q!5/!-,7*'!5

T-profile 

25x25x750mm

T-profile 

25x25x550mm

Angle ß ≥ 45 ˚ ≥ 45 ˚

Effective length anchor L’ 70 cm 50 cm

Diameter anchor d 3.54 cm 3.54 cm

Anchor capacity* zd 4.21 kN 3.01 kN

*Calculated under the assumption the anchor is based in dense cohesion less soil.
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IH!(=FK<D!"#$%&'2!>!Q!5/!-,7*'!5IH!(=FK<D!"#$%&'2!>!Q!5/!-,7*'!5

TT--profile 

25x25x750mm25x25x750mm
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Anchor capacity* zzdd
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*Calculated under the assumption the anchor is based in dense cohesion *Calculated under the assumption the anchor is based in dense cohesion 
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are used, taking into account an effective length of at least are used, taking into account an effective length of at least 

700mm. For a reduced wind load, however, an effective length of 500mm is sufficient. 
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H.7.2 Required anchor pins

Load combination Element Representative 
force

Design value force Pag.

CO4. Own weight + pretension
+ wind suction

Tension belt 3.59 kN 4.31 kN (γ = 1.2) 30

CO3. Own weight + pretension
+ wind suction

Tension belt corner
3.34 / √2 
= 2.36 kN *

2.83 kN (γ = 1.2) 30

CO3. Own weight + pretension
+ wind suction

Storm belt 6.96 kN 8.35 kN (γ = 1.2) 30

* Remark: In the model one tension belt is accounted for at the corners. In reality there will be two. 

Anchoring T-profile 25x25x750 mm 

Tension belt Pw = 500 N/m2 Fd / Frd 4.31 / 4.21 = 1.02  1 anchor / tension

Tension belt 
corner

Pw = 500 N/m2

Fd / Frd 2.83 / 4.21 = 0.67 1 anchor/ tension belt

Storm belt Pw = 500 N/m2 Fd / Frd 8.35 / 4.21 = 1.98 2 anchors / side of the storm belt

For a reduced wind pressure of 345 N/m2 the design values of the anchor forces are equal to: 

Tension belt: Fd,red = α x Fd  = 0.69 x 4.31 = 2.97 kN

Tension belt corner: Fd,red = α x Fd  = 0.69 x 2.83 = 1.95 kN
Storm belt: Fd,red = α x Fd  = 0.69 x 8.35 = 5.76 kN

Anchoring T-profile 25x25x550 mm 

Tension belt Pw = 345 N/m2 Fd / Frd 2.97 / 3.01 = 0.99  1 anchor / tension

Tension belt 
corner

Pw = 345 N/m2

Fd / Frd 1.95 / 3.01 = 0.65 1 anchor/ tension belt

Storm belt Pw = 345 N/m2 Fd / Frd 5.76 / 3.01 = 1.91 2 anchors / side of the storm belt 
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2.83 / 4.21 = 0.67
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8.35 / 4.21 = 1.98
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the design values of the anchor forces are equal to: the design values of the anchor forces are equal to: 

.69 x 4.31 = 2.97 kN.69 x 4.31 = 2.97 kN

Fd,red = α x Fd  = 0.69 x 2.83 = 1.95 kNFd,red = α x Fd  = 0.69 x 2.83 = 1.95 kN
Fd,red = α x Fd  = 0.69 x 8.35 = 5.76 kNFd,red = α x Fd  = 0.69 x 8.35 = 5.76 kN

25x25x550 mm 25x25x550 mm 
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Pw = 345 N/m2
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H.7.3 Anchor tests according to EN 13782

It is advised to conduct anchor tests on site.

Anchor tests should be carried out according to the following procedure:

Three anchors spread throughout the terrain should be put perpendicular into the ground. The anchors 

should be pulled out with the aid of a spring balance in the direction of the force acting on the anchor. 

The highest occurring force should be noted. The deformation of the anchor cannot be so high that the 

structure might become unstable or stresses become too large. The lowest of the three measured 

values should be used as the permissible value. 

A partial safety factor of γ = 1.6 is to be applied on the ultimate limit load of the lowest test value in 

order to determine the load bearing capacity of the anchor.

For example:

Force in belts: Frep = 16.2 kN

Fsdbelt = 1.2 x Frep = 1.2 x 16.2 = 19.4 kN

The partial safety factor γ = 1.6 is applied on the ultimate limit load:

Zu,d,test > 1.6 x Fsd = 1.6 x 19.4 =31.1 kN

If for example the anchor test point out there has a minimal anchor capacity of 16 kN (1600 kg), then 2 

anchors are needed: 2x16 = 32 kN > Zu,d,test
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Three anchors spread throughout the terrain should be put perpendicular into the ground. The anchors Three anchors spread throughout the terrain should be put perpendicular into the ground. The anchors 

should be pulled out with the aid of a spring balance in the direction of the force acting on the anchor. should be pulled out with the aid of a spring balance in the direction of the force acting on the anchor. 

deformation of the anchor cannot be so high that the deformation of the anchor cannot be so high that the 

structure might become unstable or stresses become too large. The lowest of the three measured structure might become unstable or stresses become too large. The lowest of the three measured 

limit load of the lowest test value in limit load of the lowest test value in 

= 1.6 is applied on the ultimate limit load:ate limit load:

If for example the anchor test point out there has a minimal anchor capacity of 16 kN (1600 kg), then 2 If for example the anchor test point out there has a minimal anchor capacity of 16 kN (1600 kg), then 2 



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 37

I. Material specifications

Membrane – Technical data: Triflexx
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Membrane – Technical data: Proflexx



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 39



Bonga 10x15m stretchtent  .  17.02.00509.1  .  28.02.2017 40

Membrane – Bi-axial test: Triflexx
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Membrane – Bi-axial test: Proflexx
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Membrane – Fire certificate: Triflexx
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Membrane – Fire certificate: Proflexx
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Poles – Cross section data
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J. Annexes

Annex A: Easy export of load cases

CO1. Own weight + pretension

CO2. Own weight + pretension + wind suction

Full wind 500 N/m2
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Reduced wind 355 N/m2 – factor 355 / 500 = 0.71

CO3. Own weight + pretension + wind pressure

Full wind 500 N/m2
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Reduced wind 355 N/m2 – factor 355 / 500 = 0.71

CO4. Own weight + pretension + conventional
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Annex B: Internal forces per load combination

In the following paragraphs the results for a full wind pressure of 

pw = 0.5 kN/m2 are shown, unless indicated otherwise.

B.1. CO1. Own weight + pretension

Stresses in the membrane

Forces in the tension belts
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Forces in the poles
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B.2. CO2. Own weight + pretension + wind suction

Stresses in the membrane

Full wind 500 N/m2

Reduced wind 355 N/m2
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Stresses in the membrane > 2.85 kN/m

Reduced wind 355 N/m2

Forces in the tension belts
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Forces in the storm belts

Force in the poles
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B.3. CO3. Own weight + pretension + wind pressure

Stresses in the membrane

Forces in the tension belts
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Forces in the poles
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B.4. CO4. Own weight + pretension + conventional

Stresses in the membrane

Forces in the tension belts
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Forces in the poles
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Annex C: Aluminum poles

The elaborated check of the aluminum profiles can be found on the following pages.
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Annex C.1:  Center pole 4m
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Annex C.2  Perimeter pole 2.7m
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Annex C.3  Perimeter pole 2.2m
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Annex D: Check results on fabric clamps
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Notes:

Test no. Sample R tendon Remark

1 1 6 Tendon out of clamps

2 1 11 Clamp broke

3 2 8 Clamp broke

4 3 8 Clamp cracked, tendon half out of clamp

5 4 8 Broken

6 5 8 Broke, clamp was fastened a little less tight. 

· Test 1 and 2 are not representative, because a different diameter tendon is used. 

· Test 6 is not representative, because the clamp was not fastened tight enough.

Conclusion

Average tensile strength at fracture for the three representative tests:

(4511 + 4915 + 4599) / 3 = 4675 N
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a different diameter tendon is used. a different diameter tendon is used. 

was not fastened tight enough.was not fastened tight enough.

Average tensile strength at fracture for the three representative tests:Average tensile strength at fracture for the three representative tests:
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Annex E: Easy export of reaction forces
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CO1 CO2 CO3 CO4

Node Fx Fy Fz Fx Fy Fz Fx Fy Fz Fx Fy Fz

Center pole 1 0,00 0,00 0,27 0,00 0,00 0,00 0,11 -0,10 3,48 0,06 -0,05 2,44

Center pole 3 0,00 0,00 0,27 0,00 0,00 0,00 0,11 0,10 3,48 0,06 0,05 2,44

Center pole 77 0,00 0,00 0,21 0,00 0,00 -0,04 0,00 -0,09 2,83 0,00 -0,05 2,00

Center pole 79 0,00 0,00 0,21 0,00 0,00 -0,03 0,00 0,09 2,83 0,00 0,05 2,00

Center pole 81 0,00 0,00 0,27 0,00 0,00 0,00 -0,11 -0,10 3,48 -0,06 -0,05 2,44

Center pole 83 0,00 0,00 0,27 0,00 0,00 0,00 -0,11 0,10 3,48 -0,06 0,05 2,44

Perimeter pole 5 0,00 0,04 0,24 0,02 0,16 1,02 0,05 0,27 1,63 0,02 0,19 1,12

Perimeter pole 8 0,00 0,03 0,17 0,00 0,18 1,10 0,02 0,23 1,39 0,01 0,15 0,88

Perimeter pole 11 0,00 0,03 0,17 0,00 0,18 1,10 -0,02 0,23 1,39 -0,01 0,15 0,88

Perimeter pole 14 0,00 0,04 0,24 -0,02 0,16 1,02 -0,05 0,27 1,63 -0,02 0,19 1,12

Perimeter pole 17 0,00 0,00 0,00 0,00 -0,08 -0,42 0,01 0,14 0,68 0,00 0,07 0,34

Perimeter pole 20 0,00 0,00 0,00 0,00 -0,08 -0,42 -0,01 0,14 0,68 0,00 0,07 0,34

Perimeter pole 25 0,00 0,00 0,00 0,00 0,08 -0,41 0,01 -0,14 0,68 0,00 -0,07 0,34

Perimeter pole 28 0,00 -0,04 0,24 0,02 -0,16 1,02 0,05 -0,27 1,63 0,02 -0,19 1,12

Perimeter pole 31 0,00 -0,03 0,17 0,00 -0,18 1,10 -0,02 -0,23 1,39 -0,01 -0,15 0,88

Perimeter pole 34 0,00 -0,03 0,17 0,00 -0,18 1,10 0,02 -0,23 1,39 0,01 -0,15 0,88

Perimeter pole 37 0,00 0,00 0,00 0,00 0,08 -0,42 -0,01 -0,14 0,68 0,00 -0,07 0,34

Perimeter pole 40 0,00 -0,04 0,24 -0,02 -0,16 1,02 -0,05 -0,27 1,63 -0,02 -0,19 1,12

Perimeter pole 41 0,03 0,03 0,24 0,13 0,13 1,04 0,15 0,15 1,13 0,11 0,11 0,80

Perimeter pole 46 -0,03 0,03 0,24 -0,13 0,13 1,04 -0,15 0,15 1,13 -0,11 0,11 0,80

Perimeter pole 49 0,03 -0,03 0,24 0,13 -0,13 1,04 0,15 -0,15 1,13 0,11 -0,11 0,81

Perimeter pole 50 -0,03 -0,03 0,24 -0,13 -0,13 1,04 -0,15 -0,15 1,13 -0,11 -0,11 0,80

Perimeter pole 53 0,05 0,00 0,27 0,16 -0,02 0,99 0,33 -0,06 1,98 0,23 -0,03 1,36

Perimeter pole 56 0,01 0,00 0,05 -0,08 0,01 -0,44 0,20 0,00 0,98 0,11 0,00 0,54

Perimeter pole 59 0,01 0,00 0,05 -0,08 -0,01 -0,44 0,20 0,00 0,98 0,11 0,00 0,54

Perimeter pole 62 0,05 0,00 0,27 0,16 0,02 0,99 0,33 0,06 1,98 0,23 0,03 1,36

Perimeter pole 67 -0,05 0,00 0,27 -0,16 0,02 0,99 -0,33 0,06 1,98 -0,23 0,03 1,36

Perimeter pole 70 -0,01 0,00 0,05 0,08 -0,01 -0,44 -0,20 0,00 0,98 -0,11 0,00 0,54

Perimeter pole 73 -0,01 0,00 0,05 0,08 0,01 -0,44 -0,20 0,00 0,98 -0,11 0,00 0,54

Perimeter pole 76 -0,05 0,00 0,27 -0,16 -0,02 1,00 -0,33 -0,06 1,98 -0,23 -0,03 1,36

Tension belt 7 0,00 0,14 -0,14 -0,04 1,72 -1,68 -0,03 0,95 -0,93 -0,01 0,65 -0,64

Tension belt 10 0,00 0,15 -0,15 0,00 1,47 -1,44 -0,01 1,09 -1,07 -0,01 0,68 -0,67

Tension belt 13 0,00 0,15 -0,15 0,00 1,48 -1,45 0,01 1,09 -1,07 0,01 0,68 -0,67

Tension belt 16 0,00 0,14 -0,14 0,04 1,72 -1,68 0,03 0,95 -0,93 0,01 0,65 -0,64

Tension belt 19 0,00 0,19 -0,18 -0,02 1,81 -1,77 -0,01 1,33 -1,30 0,00 0,84 -0,82

Tension belt 22 0,00 0,19 -0,18 0,02 1,82 -1,78 0,01 1,33 -1,30 0,00 0,84 -0,82

Tension belt 24 0,00 -0,19 -0,18 -0,02 -1,81 -1,77 -0,01 -1,33 -1,30 0,00 -0,84 -0,82

Tension belt 27 0,00 -0,14 -0,14 -0,04 -1,72 -1,68 -0,03 -0,95 -0,93 -0,01 -0,65 -0,64

Tension belt 30 0,00 -0,15 -0,15 0,00 -1,47 -1,44 0,01 -1,09 -1,07 0,01 -0,68 -0,67

Tension belt 33 0,00 -0,15 -0,15 0,00 -1,47 -1,44 -0,01 -1,09 -1,07 -0,01 -0,68 -0,67

Tension belt 36 0,00 -0,19 -0,18 0,02 -1,81 -1,78 0,01 -1,33 -1,30 0,00 -0,84 -0,83

Tension belt 39 0,00 -0,14 -0,14 0,04 -1,72 -1,68 0,03 -0,95 -0,93 0,01 -0,65 -0,64

Tension belt 55 0,16 0,00 -0,16 1,42 0,03 -1,40 1,20 0,04 -1,18 0,82 0,02 -0,80
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0,06 0,05

0,00 --0,050,05

0,000,00 0,050,05 2,002,00

3,48 -0,060,06 -0,050,05 2,44

3,483,48 --0,060,06 0,050,05

0,27 1,631,63 0,020,02 0,19
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om0,23 1,391,39 0,010,01 0,15

0,23 1,391,39 --0,010,01

0,050,05 0,270,27 1,631,63 -0,02

0,01 0,140,14 0,680,68 0,00

-0,010,01 0,140,14 0,680,68

0,41 0,010,01 -0,140,14 0,68

1,021,02 0,050,05 --0,270,27

1,101,10 --0,020,02 -0,23

0,18 1,101,10 0,020,02 -0,23

0,080,08 -0,420,42 --0,010,01

0,02 --0,160,16 1,021,02 -0,05

0,13 0,130,13 1,041,04 0,15

-0,130,13 0,130,13 1,04

0,24 0,130,13 --0,130,13 1,04

0,24 -0,130,13 --0,130,13

0,270,27 0,160,16 -0,02

0,00 0,050,05 --0,080,08 0,01

0,000,00 0,050,05 -0,08

0,05 0,000,00 0,270,27 0,16

0,05 0,000,00 0,270,27 -0,16

-0,01 0,000,00 0,050,05

-0,010,01 0,000,00 0,05

76 -0,050,05 0,000,00 0,27

7 0,000,00 0,140,14
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10 0,000,00 0,15

1313 0,000,00

Tension belt 16 0,00

Tension belt 1919 0,00

Tension belt 2222

Tension beltTension belt 24

Tension beltTension belt 27

Tension beltTension belt
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CO1 CO2 CO3 CO4

Node Fx Fy Fz Fx Fy Fz Fx Fy Fz Fx Fy Fz

Tension belt 58 0,15 0,00 -0,15 2,57 0,05 -2,50 1,19 0,00 -1,17 0,71 0,00 -0,70

Tension belt 61 0,15 0,00 -0,15 2,57 -0,05 -2,51 1,19 0,00 -1,17 0,71 0,00 -0,70

Tension belt 64 0,16 0,00 -0,16 1,43 -0,03 -1,40 1,20 -0,04 -1,18 0,82 -0,02 -0,80

Tension belt 66 -0,16 0,00 -0,16 -1,43 -0,03 -1,40 -1,20 -0,04 -1,18 -0,82 -0,02 -0,80

Tension belt 69 -0,15 0,00 -0,15 -2,57 -0,05 -2,50 -1,19 0,00 -1,17 -0,71 0,00 -0,70

Tension belt 72 -0,15 0,00 -0,15 -2,57 0,05 -2,51 -1,19 0,00 -1,17 -0,71 0,00 -0,70

Tension belt 75 -0,16 0,00 -0,16 -1,43 0,03 -1,40 -1,20 0,04 -1,18 -0,82 0,02 -0,80

Tension belt corner 43 0,27 0,27 -0,37 1,70 1,70 -2,32 1,09 1,10 -1,50 0,79 0,80 -1,10

Tension belt corner 45 -0,27 0,27 -0,37 -1,70 1,70 -2,32 -1,09 1,10 -1,50 -0,79 0,80 -1,10

Tension belt corner 48 0,27 -0,27 -0,37 1,70 -1,70 -2,32 1,09 -1,10 -1,50 0,79 -0,80 -1,10

Tension belt corner 52 -0,27 -0,27 -0,37 -1,70 -1,70 -2,32 -1,09 -1,10 -1,50 -0,79 -0,80 -1,09

Storm belt 99000031 -0,05 5,40 -4,39

Storm belt 99000032 0,06 5,39 -4,38

Storm belt 99000033 -0,05 -5,40 -4,39

Storm belt 99000034 0,05 -5,39 -4,38
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0,71 0,00

0,82 --0,020,02

-0,820,82 --0,020,02 -0,800,80

1,17 -0,710,71 0,000,00 -0,70

1,171,17 --0,710,71 0,000,00

0,04 -1,181,18 -0,820,82 0,02

1,10 --1,501,50 0,790,79 0,80
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4,394,39

-4,384,38
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1 Inleiding 

Deze rapportage betreft de statische berekening van de bovenvermelde romneyloods. Bij het uitvoeren 
van de berekening wordt gebruik gemaakt van software. De software is deels van eigenhand en van 
struct4u. De berekening wordt uitgevoerd m.b.v. de euro-code met daarbij toegevoegd de NPR 8020-
51:2013 (Evenementen – Podiumconstructies Belastingen en constructieve uitgangspunten)  

2 Uitgangspunten 

2.1 Situatie 

Deze statische berekening betreft twee situatie’s 
Romneyloods als podium (evenement) waarbij een windbelasting van 7 Bft nog toelaatbaar is. 

Bij een hogere windbelasting dient de hal en de omgeving ontruimd te worden. 
De afmeting bedraagt L x B = 5.00 x 7.50 m (hoogte is 3.50 m). 
De loods heeft één open kopgevel 

 
Romneyloods met een permanent gebruik als kiosk 

De loods met gesloten kopgevels heeft een afmeting L x B = 10.00 x 7.50 m 
(hoogte is 3.50 m) 

2.2 Bouwkundig 

Tekening: opgesteld door Norel hallenbouw te Apeldoorn 
Project: kiosk Paal 12 

Enginering t.b.v. levering bouwpakket type Romneyloods 
 
  Bladen: SO-1 en DET-1 
  d.d.:  30-05-2022 

2.3 Constructief 

belastingsfactoren  UGT 

 podium  perm g = 1 / 1.1  

    wind g = 1.2    (NPR) 
 

 kiosk   perm g = 1 / 1.1  

    wind g = 1.35   (NEN-EN…) 
 

Belastingen 
Permanant   golfplaat  g = .05 kN/m2 

 

Wind 
podium  periode 1 mei tot 1 november  (NPR 8020) 

   wind  winddruk 0.35 kN/m2 
(windsnelheid/windpiek ca. 15 / 24 m/s) 

 
kiosk  periode gehele jaar met referentie periode van 5 jaar 

   wind  winddruk 1.51 x 0.85 = 1.30 kN/m2 (NEN-EN 1991-1-4..) 
 

factoren open kopgevel  m = 1.3  in loods 

  gesloten   ,,  m = 1.3  op wand 
 
  zijgevel volgens fig. 7.27 NEN-EN 1991-1-4 
    voor de kromme met Re > 107 

 
Sneeuw 

podium  periode 1 mei tot 1 november  geen sneeuwbelasting 
 

kiosk  bij sneeuw dan demonteren     ,,  ,, 
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2.4 Materialen 

Tenzij anders vermeld  
 staal   walsprofielen S235JR 
 hout   sterkte klasse C24 
 ankers   keilbouten  

3 Podium 

3.1 Algemeen 

De berekening wordt uitgevoerd m.b.v. een 3D-rekenpakket waarin het mogelijk is de verdeelde 
belastingen volgens § 4 in te geven. 

3.2 Belastingen 

 
De aangegeven belasting zijn 
 
rechts  permanent 
 
onder  wind tegen as 1 
 
rechts-onder wind tegen as A 
 
 

 

 

 

 

3.3 Resultaat 
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Het aangegeven materiaal “buisprofiel” is een combinatie 
van een buis Ø76,1x4 met een T50-profiel 
 
zoals hiernaast is aangegeven 
 

 
 

3.4 Berekening 

De resultaten van de berekening voor het podium zijn in bijlage A weergegeven    
 
De resultaten zijn gesplitst in spanten 

  windverbanden 
gordingen 
wandregels  
selectie (bepalende staven per doorsnede)  
spant as 2 

4 Kiosk 

4.1 Algemeen 

In tegenstelling tot het podium,waarbij gebruikgemaakt is van de NPR 8020-51. Wordt de belasting 
voorde kiosk bepaald volgens de NEN-EN met een referentie periode van 5 jaar 

4.2 Belastingen 

 
De aangegeven belasting zijn 
 
rechts  permanent 
 
onder  wind tegen as A 
 
rechts-onder wind tegen as 1 
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4.3 Resultaat 

 
 
 
 
 
 
Het aangegeven materiaal “buisprofiel” is een combinatie 
van een buis Ø76,1x4 met een T50-profiel 
 
zoals hiernaast is aangegeven 
 

 

4.4 Berekening 

De resultaten van de berekening voor het podium zijn in bijlage B weergegeven 
 
De resultaten zijn gesplitst in spanten 

  windverbanden 
gordingen 
wandregels  
selectie (bepalende staven per doorsnede)  
spant as 5 

5 Onderbouw  

5.1 Podium 

Het podium wordt gefundeerd op zwaarlastvloer delen (LxB =5.00x2.50 m) met een eigen gewicht 
g = 2.56 kN/m2 



Project: Kiosk Paal 12, Den Hoorn - Texel  (romneyloods R = 3.665 m L = 10.60 m) Projectnr. 22063  blz: 6 

Ir. M. Klijnstra  civiel ingenieursbureau   Deventerweg  9   7245 AW Laren tel: (0573) 402046   fax: (0573) 402358 
 

 
De belasting belastingen zijn; 
 

knoop Fx Fy Fhor Fz 

[-] [kN] [kN] [kN] [kN] 

9 2.00 0.00 2.00 5.30 

9 1.00 3.00 3.16 -4.63 

8 1.00 3.30 3.45 -1.85 
 
Het contra gewicht voor de trekbelasting op de fundatie wordt uitgevoerd door zgn. paddenstoelen 
met een eigengewicht van 848 kg ( = 8.5 kN). T.p.v. de spanten een paddenstoel met over de 
spanten spanbanden SWL5000 kg (gecertificeerd)  
 

zw
aarla

stp
late

n

2.5
0x5

.0
0 (3

 st
uks

)

 

5.2 Kiosk 

 
Het podium wordt gefundeerd op dubbele stelconplaten (L x B = 2.00x2.00 m) met een gewicht 
G = 2.00x2.00x0.10x2 x 25 = 20 kN per dubbele plaat 
 
De belasting belastingen zijn; 

knoop Fx Fy Fhor Fz 

[-] [kN] [kN] [kN] [kN] 

15 4 1 4 10 

17 1.4 1.3 2 -13 

4 4.5 7.9 9 6.4 

5 8.3 7.7 11 -12 
 

De maximale trekkracht F = 13 kN  ( < 20 kN oke) 
 

dubbele stelconplaten

2.00x2.00 m
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5.3 Ankers 

(berekening zie bijlage)  

 
 

6 Resultaat 

Podium  Het podium is gedimensiomeerd voor 
     Windgebied  1 
     Terreincategorie kuststrook 
     Windlastbeperking  tot en met 7 Bft 
        (wind- en pieksnelheid 15 / 24 m/s) 
 
Kioks   De kiosk is gedimensiomeerd volgends de NEN-EN met  
     Tijdelijke bebouwing (5 jr) 
     Windgebied  1 
     Terreincategorie kuststrook 
        (windsnelheid   29.5 m/s) 

7 Bijlage 

 
Podium  bovenbouw  Bijlage A 
   Onderbouw   C 
 
Kiosk   bovenbouw  Bijlage B 
   Onderbouw   D 
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  bijlage  Podium Bijlage A   =   bovenbouw  
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  bijlage  Kiosk Bijlage B   =   bovenbouw  
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