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Project Introduction
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Project Introduction - Urumea Berri

This project is a part of the new residential area development next to the Banks of Urumea river in As-
tigarraga, Guipuzcoa, Spain. Urumea Berri is the developer who build this area for people to enjoy nature and
quality of life that near to San Sebastian, the main city of Guipuzcoa province in Basque, like them slogan “Un
hogar cerca de ti” or “A home near you.” in English.

An area very well connected with new accesses such as the Urumea Autovia, the 2nd Belt of San Se-
bastian and a Station of Cercanias.

« Urumea motorway: Direct access with the center of San Sebastian through the tunnel of Zorroaga in 5
minutes. This road connects the N-1 in Andoain with San Sebastian passing through Urnieta and Hernani in
record time.

« New Vial Martutene-Hospitals: Newly opened road that connects with the hospital city in just 3 minutes, and
connects Urumea Berri with the neighborhoods of Antiguo and Ondarreta in 7 minutes.

« 2nd Belt of San Sebastian: Alternative to the variant that punctures in the roundabout that is in the Auto-
bahn of the Urumea at the height of Urumea Berri. The departures to France or towards Bilbao through the
A-8 are very fast.

» Neighborhood Station: A nerve center of communication that will generate people, wealth and revaluation

of the environment. You will have a stop in front of Urumea Berri. Frequently by metro will connect with the
North Station of the center of San Sebastian.

Project images

About the Project

Briefs

- Membrane Cover for Children Playground

- Maximun height of the membrane not blocking neigbourhood building window view.

- Low point of the membrane is higher than 2,00 meter to prevent damage from children.
- No structure in playground area.

- No cable use for prevent to harm children.

- Cover the playground area to protect from sun and rain.

- All water drain to the lawn beside the playground.

Project Management: Carpatec, Madrid, Spain

Client: Urumea Berri, Astigarraga, Spain

Site Area: 500 sq.m.

Surface Area: 380 sg.m.

Membrane: Mehler VALMEX FR 1000 MEHATOP F, Type Il (PVC) - PVDF Coated
Location: Astigarraga (San Sebastian), Guipuzcoa, Spain

Year: 2017
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Geological Location

Astigarraga (San Sebastian), Guipuzcoa, Spain Project Area
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Geological Location

Site Location and Neighbourhood
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Geological Location

Climate Conditions
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Geological Location

Climate Conditions

Velacidad bisica
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Wind Zone : C Snow Zone 1 (Height=25m)
Wind Velocity : 29 m/s | Snow Load (0 m) 0.3 kN/mA2 |
Snow Load (200 m) 0.5 kN/mA2
Snow Load (400 m) 0.6 kKN/mA2
Snow Load (500 m) 0.7 kKN/mA2
Snow Load (600 m) 0.9 kKN/mA2
Snow Load (700 m) 1.0 kKN/mA2
Snow Load (800 m) 1.2 kN/mA2
Snow Load (900 m) 1.4 kKN/mA2
Snow Load (1000 m) 1.7 kN/mA2
Snow Load (1200 m) : 2.3 kN/mA2
Snow Load (1400 m) : 3.2 kN/mA2
Snow Load (1600 m) 43 kN/mA2
Wind map Snow map
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Design Development
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Design Development

Research and Design o ~ Playground Equipments

From the first brief, membrane need to
cover all of playground area and drain rain water to
beside yards and no structure obstruct in the area.

Beside yards are higher than playground 70 cm.
From this reason, low point of membrane should not
lower than 2.00 m from the ground to prevent from
kid's hand that could make damage to surface.
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Design Development

Research and Design

Site Overall

N
> W
* N
e
’%
E , -
%
E ) /
£
kS v ! ‘*
Lo P %o . 1=3?;k E " \
| ) S ] ) W
| % . NI
¢ (4 i
7 4
. T
e o -~
- s % D ‘ |
| e T (
Y XY, , =
T Q_, " /w_;/a -
g
iy
12
=

Master Membrane Structure - Thesis (2017)

Tensile Structure for Children Playground - Astigarraga, Spain

Thirachai Dheravatnvong
4059492



Design Development

Research and Design

Neighbourhood Perspective
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Design Development

Research and Design

Wind Direction: Blue - Sea / Green - Mountain
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Design Development

Research and Design

X
e N— . -
e W
7 Sp - 3

p—

—
| . t ok & oy ”
< (~
g5 -=° ! 3 e

7

Wind Blocking
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Design Development
Research and Design

Wind Channel
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Design Development

Sketch

Conical 1

Conical 2

Double Layer Triple Arch*
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Design Development

Sketch
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Design Development

Design Development 1
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Design Development

Design Development 1

Conclution:  Structures need to rearrange which make it more easier for workers to fabrication. Relax edge

cables to increase border size and cover all the area. 20
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Design Development

Design Development 2

From the first design development, arches is an ellipse shape which hard to measure and fabricate.
These second development solve the problem by change to normal arch from circular shape.

y
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Design Development

Design Development 2
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Design Development

Design Development 2

Arco exterior n°-1

. Ve
Arco exterior n°-3

old3avdd,

Foundation plan
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Design Development

Design Development 2

Arco exterior n°-1

Pilar n°-1 )
Pilar n°-6

Arco central n°-2

Pilar n°-5

Pilar n°-2 Pilar n°-4

Arco exterior n°-3

Structure code

Arco exterior n°-1

Arco exterior n°>-3

Structure plan
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Design Development

Design Development 2

FDM Solver

14.474
I 13572
- 12670

11.768
10.866
9.984
9.062
8.160
7.258
6.356
5.454
4.552
3.650
2.748
1.846
Form-Find:membrane sl stresses (KN/m) : Average Weighted sl stresses :4.649 (KN/m)

FDM Solver

1.628
I 1511
1395

1279
1.163
1.046
0.930
0.814
0.698
0.581
0485
0.349
0233
0.1186
0.000

Form Finding - Stress |

{KN/m) :

ag

:0.709 (KN/m)

Form Finding - Stress I

Membrane stress and deformed
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Design Development

Design Development 2

FDM Solver

33.581
I 31324
29.067

26810
24.553
22296
20,039
17.782
15.525
13.268
11.011
8.754
6.497
4.240
1.983

FDM Solver

3.029
I 2813
2.596

2380
2.164
1.947
1.731
1515
1.298
1.082
0.865
0.649
0.433
0216
0.000

LC1:membrane sl stresses (KNim) : Average Weighted sl stresses :0.353 (KN/m)

Load Case 1 - Stress |

Load Case 1 - Stress Il

Membrane stress and deformed
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Design Development

Design Development 2

FDM Solver

2.000
I 1.857
1714

1.571
1.429
1286
1.143
1.000
0.857
0714
0571
0.429
0.286
0.143
0.000
LC1: Node displacements (m)

(I

Load Case 1 - Deformed

Membrane stress and deformed
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Design Development

Design Development 2

Membrane cutting pattern
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Final Design

Structural Details and Calculation
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Design Development

Design Development 2

Arco central n°-2
CHS 152 e=8mm
Radio del arco 19.52m

Arco exterior n°-1
CHS 133 e=5mm
Radio del arco 6.68m

— ¥ o
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! 13.000 | L 32.000
Alzado
Alzado
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Arco exterior n°-3
CHS 133 e=5mm .
: - 192 e Detalle Anclaje Perno
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3 O O Soldadura
| / Placa base
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! 16.000
Alzado Arch details
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Design Development

Design Development 2

Pilares
CHS 133 e=5mm
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Pilar n°-1 Pilar n°-2 Pilar n°-3 Pilar n°-4

oy
‘

3.900

Pilar n°-5

3.300

Pilar n°-6

12 Unidades

<« 84 > 133 > 84 >

©) O

<84 >< 133 —>< 84 >

o
[te]

200
300

50

50 200

50

300

Espesor placa base: 10 mm

Detalle Anclaje Perno

Soldadura

/ Placa base
S

300

Perno: @16 mm, B 500 S, Ys = 1.15

Orientar anclaje al centro de la placa

Pillar details
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Design Development

Design Development 2

| 75 ; 75 | | 75 ; 75 |
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Pillar foundation

Foundation details
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Design Development

Design Development 2

Dimensiones Placa = 300x300x10 mm ( S275)
Pernos = 40316 mm, B 500 S, Ys =1.15
Escala1:10

I I

Detalle Anclaje Perno

< 84 >« 133 > 84 >

! Z
@ O O Soldadura
Jf o Placa base
2 28 g} | Mortero de nivelacion
-~ N
Jﬁ APy e al’ Perno: @16 mm, B 500 S, Ys = 1.15
< ) o AT,
Oi % ve pdve
° A 1Ay
aP v o aP° o °v o a®
% 200 % PSS E P S
300 ve 99 »9d9 9.9 9. 9 v,
>o B° b Ao po B, B
Espesor placa base: 10 mm j:f To Ej:f ??oil"f To TTAOA v, ><1
Voo Dq v > Dq v Dq v
/—80—/ f/ Hormigon: HA-25, Yc=1.5
Vorrva

40 Orientar anclaje al centro de la placa

Pillar base

Dimensiones Placa = 400x400x10 mm ( S275)

Pernos =4@16 mm, B 500 S, Ys =1.15

Escala1:10

Espesor: 10 mm

Espesor: 10 mm

152

124 —

<—124

124 — >

152

<124

300
400

300

400

Espesor placa base: 10 mm

Detalle Anclaje Perno

Soldadura
Placa base

Mortero de nivelacion

Perno: @16 mm, B 500 S, Ys =1.15

300

Orientar anclaje al centro de la placa

Arch base

Base plate details
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Design Development

Design Development 2

Barra N1/N3

Perfil: CHS 133.0x5.0
Material: Acero (S275)

2: Limitacion de esbeltez
N;: Resistencia a traccién
N.: Resistencia a compresion
M,: Resistencia a flexién eje Y
M.: Resistencia a flexion eje Z
V:: Resistencia a corte Z
V,: Resistencia a corte Y
M,V: Resistencia a momento flector Y y fuerza cortante Z combinados
M.V,: Resistencia a momento flector Z y fuerza cortante Y combinados
NM,M.: Resistencia a flexién y axil combinados
NM,MV,V;: Resistencia a flexion, axil y cortante combinados
M;: Resistencia a torsién
M.\V;: Resistencia a cortante Z y momento torsor combinados
M.\V,: Resistencia a cortante Y y momento torsor combinados
x: Distancia al origen de la barra
n: Coeficiente de aprovechamiento (%)
N.P.: No procede

Nudos . Caracteristicas mecanicas
Longitud Area @ L@ 1@
Inicial Final (m) Y : A
(cm?2) (cm4) (cm4) (cm4)
T N1 N3 4.600 20.11 412.40 412.40 824.81
i Notas:
i ® Inercia respecto al eje indicado
@ Momento de inercia a torsién uniforme
Pandeo Pandeo lateral
Plano XY Plano XZ Ala sup. Ala inf.
B 1.00 0.70 0.00 0.00
Ly 4.600 3.220 0.000 0.000
Cn 1.000 1.000 1.000 1.000
|
i C, - 1.000
‘ Notacién:
f: Coeficiente de pandeo
L«: Longitud de pandeo (m)
C.: Coeficiente de momentos
C,: Factor de modificacién para el momento critico
COMPROBACIONES (CTE DB SE-A)
Barra = Estado
S N, N. M, M, V; Vy MV, M.V, NMM; | NMM,V,\V, M, MV; | MVy
2 <3.0|x:3.983m | N, =0.00| x: 0m | Mg, = 0.00 _ Ve = 0.00 @ x:0m Mg, = 0.00 o & | CUMPLE
NI/N3 | oimple | n=9.2 NP® |n=ag| Np® |[N=01] T pe T <01 NP TN ) n<0.1 Npo  |NPOINPO T e
Notacién:

Comprobaciones que no proceden (N.P.):
@ La comprobacién no procede, ya que no hay axil de compresion.
@ |a comprobacién no procede, ya que no hay momento flector.
@ La comprobacién no procede, ya que no hay esfuerzo cortante.

® La comprobacién no procede, ya que no hay momento torsor.

“ No hay interaccién entre momento flector y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.

© No hay interaccién entre momento torsor y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.

Barra N1/N3

Perfil: CHS 133.0x5.0
Material: Acero (S275)

A: Limitacién de esbeltez
N.: Resistencia a traccién
N.: Resistencia a compresion
M,: Resistencia a flexion eje Y
M.: Resistencia a flexién eje Z
V;: Resistencia a corte Z
V.: Resistencia a corte Y
M,V;: Resistencia a momento flector Y y fuerza cortante Z combinados
M.V,: Resistencia a momento flector Z y fuerza cortante Y combinados
NM.M.: Resistencia a flexién y axil combinados
NM,M.V,V;: Resistencia a flexién, axil y cortante combinados
M.: Resistencia a torsién
MV;: Resistencia a cortante Z y momento torsor combinados
MV,: Resistencia a cortante Y y momento torsor combinados
x: Distancia al origen de la barra
n: Coeficiente de aprovechamiento (%)
N.P.: No procede

Nudos . Caracteristicas mecanicas
Longitud Area 1,® 1.9 12
Inicial Final (m) Y : ‘
(cm?2) (cm4) (cm4) (cm4)
f N1 N3 3.300 20.11 412.40 412.40 824.81
i Notas:
i @ Inercia respecto al eje indicado
® Momento de inercia a torsién uniforme
Pandeo Pandeo lateral
y Plano XY Plano XZ Ala sup. Ala inf.
B 0.70 0.70 0.00 0.00
Lk 2.310 2.310 0.000 0.000
Cn 1.000 1.000 1.000 1.000
|
i C, - 1.000
‘ Notacién:
B: Coeficiente de pandeo
L«: Longitud de pandeo (m)
C..: Coeficiente de momentos
C,: Factor de modificacion para el momento critico
COMPROBACIONES (CTE DB SE-A)
Barra = Estado
A N, N. M, M, V; Vy MV, M,V NMM; | NMM,V,V, M, MV: | MV,
2 <3.0|x:2.855m [N, =0.00| x: 0 m | My = 0.00 _ Ve = 0.00 a X: 0m Mg, = 0.00 o s | CUMPLE
NIN3 | copie | m=11.5 | NP.® |n=61| Np® |1=02) "\ pe |n<OLINP) TL02 ) n<01 Np© | NPOINPO s
Notacién:

Comprobaciones que no proceden (N.P.):

@ La comprobacion no procede, ya que no hay axil de compresion.
@ La comprobacién no procede, ya que no hay momento flector.
@ La comprobacién no procede, ya que no hay esfuerzo cortante.

“ No hay interaccién entre momento flector y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.

© La comprobacién no procede, ya que no hay momento torsor.

© No hay interaccién entre momento torsor y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
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Barra N2/N3

Perfil: CHS 133.0x5.0
Material: Acero (S275)
Nudos Lonaitud Caracteristicas mecanicas
e Area ,® (R 1®
Inicial Final (m) ’ : !
nicia na >
(cm?2) (cm4) (cm4) (cm4)
z
‘ N2 N3 3.338 20.11 412.40 412.40 824.81
i Notas:
i @ Inercia respecto al eje indicado
® Momento de inercia a torsion uniforme
Pandeo Pandeo lateral
Plano XY Plano XZ Ala sup. Ala inf.
7777777777 Y
B 0.70 0.70 0.00 0.00
L« 2.336 2.336 0.000 0.000
Cm 1.000 1.000 1.000 1.000
|
| C, - 1.000
| -z
Notacion:
B: Coeficiente de pandeo
L«: Longitud de pandeo (m)
C.: Coeficiente de momentos
C,: Factor de modificacién para el momento critico
COMPROBACIONES (CTE DB SE-A)
Barra = Estado
A N, N, My M, \ Vy MV, MzVy | NMM, | NM/M:V\V, M. MV: | MVy
%<2.0|Ng=0.00| x:0m X:0m | Mg =0.00 | x: 2.894 m | Vg = 0.00 @| Xx20m Mg = 0.00 © © | CUMPLE
< 0. P. < 0. P P
N2/N3 | cymple | NP9 |3 =149 |n=58| NP.@ n=0.2 Npo  |MEOLINPE oy | 102 Np© |NPNP o
Notacion:
2 Limitacién de esbeltez
N.: Resistencia a traccién
N.: Resistencia a compresion
M,: Resistencia a flexion eje Y
M;: Resistencia a flexion eje Z
V:: Resistencia a corte Z
V,: Resistencia a corte Y
M,V;: Resistencia a momento flector Y y fuerza cortante Z combinados
M.V,: Resistencia a momento flector Z y fuerza cortante Y combinados
NM,M;: Resistencia a flexion y axil combinados
NM,M.V,V;: Resistencia a flexion, axil y cortante combinados
M.: Resistencia a torsion
M.\V;: Resistencia a cortante Z y momento torsor combinados
MV,: Resistencia a cortante Y y momento torsor combinados
x: Distancia al origen de la barra
n: Coeficiente de aprovechamiento (%)
N.P.: No procede
Comprobaciones que no proceden (N.P.):
@ La comprobacién no procede, ya que no hay axil de traccién.
@ La comprobacién no procede, ya que no hay momento flector.
© La comprobacién no procede, ya que no hay esfuerzo cortante.
® No hay interaccién entre momento flector y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
© La comprobacién no procede, ya que no hay momento torsor.
© No hay interaccién entre momento torsor y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.

Barra N2/N3

Perfil: CHS 133.0x5.0
Material: Acero (S275)

Nudos . Caracteristicas mecanicas
Longitud Area 1,® 1.9 12
Inicial Final (m) Y : ‘
(cm?2) (cm4) (cm4) (cm4)
f N2 N3 4.627 20.11 412.40 412.40 824.81
i Notas:
i @ Inercia respecto al eje indicado
® Momento de inercia a torsién uniforme
Pandeo Pandeo lateral
y Plano XY Plano XZ Ala sup. Ala inf.
B 1.00 0.70 0.00 0.00
Lk 4.627 3.239 0.000 0.000
Cn 1.000 1.000 1.000 1.000
|
f C, - 1.000
‘ Notacién:
B: Coeficiente de pandeo
L«: Longitud de pandeo (m)
C..: Coeficiente de momentos
C,: Factor de modificacion para el momento critico
COMPROBACIONES (CTE DB SE-A)
Barra = Estado
A N N. M, M, V. Vy M\V; MVy NMWM; | NM/MV, V2 M MVz | MV
A<2.0 Ngg =0.00 | x:0m X:0m | Mg =0.00 | x: 4.011 m | Vg, = 0.00 @ x:0m Mg, = 0.00 6 & | CUMPLE
N2/N3 | ciymple | NP9  |n=213|n=46| NP@ n=0.1 Np©® |N<OLINPOI TS 5| n<01 Np©  |NPOINPO s
Notacion:
Az Limitacion de esbeltez

N.: Resistencia a traccién

N.: Resistencia a compresion
M,: Resistencia a flexion eje Y
M;: Resistencia a flexion eje Z
V;: Resistencia a corte Z

V,: Resistencia a corte Y

MV;: Resistencia a momento flector Y y fuerza cortante Z combinados
M.V,: Resistencia a momento flector Z y fuerza cortante Y combinados
NM,M.: Resistencia a flexién y axil combinados

NM,M.V,V;: Resistencia a flexion, axil y cortante combinados

M.: Resistencia a torsion

M.\V;: Resistencia a cortante Z y momento torsor combinados

MV,: Resistencia a cortante Y y momento torsor combinados

x: Distancia al origen de la barra
n: Coeficiente de aprovechamiento (%)
N.P.: No procede

Comprobaciones que no proceden (N.P.):

@ La comprobacién no procede, ya que no hay axil de traccion.

@ | .a comprobacién no procede, ya que no hay momento flector.
© La comprobacion no procede, ya que no hay esfuerzo cortante.
@ No hay interaccién entre momento flector y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
® La comprobacion no procede, ya que no hay momento torsor.
© No hay interaccién entre momento torsor y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
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Barra N2/N32

Master Membrane Structure - Thesis (2017)
Tensile Structure for Children Playground - Astigarraga, Spain

M5 W

Perfil: CHS 152.0x8.0
Material: Acero (S275)
Nudos Lonaitud Caracteristicas mecanicas
ongltu A | @ | @ | (@)
. . rea y 5 ¢
Inicial | Final (m) pt
(cm2) (cm4) (cm4) (cm4)
z
‘ N2 N32 1.440 36.19 940.97 940.97 1881.94
i Notas:
i @ Inercia respecto al eje indicado
©® Momento de inercia a torsion uniforme
Pandeo Pandeo lateral
Plano XY Plano Xz Ala sup. Ala inf.
7777777777 Y
B 1.00 0.50 0.00 0.00
Lk 1.440 0.720 0.000 0.000
Cn 1.000 1.000 1.000 1.000
|
| C, - 1.000
| -z
Notacion:
pB: Coeficiente de pandeo
L«: Longitud de pandeo (m)
C..: Coeficiente de momentos
C,: Factor de modificacién para el momento critico
COMPROBACIONES (CTE DB SE-A)
Barra = Estado
A N, N, M, M, \ Vv MV, MzVy | NMM; | NMM.V,V, M. MVz | MYy
A<2.0|Ng=0.00| x:0m X:0m | Mg =0.00|x:1.44m | Vg =0.00 @| Xxx0m Mg = 0.00 © © | CUMPLE
N2/NS2 | cimple | NP.®  |n=228|n=697| NP® n=45 Npo | MNSOLINPT g 0] 101 Np© | NPEINPE 910
Notacion:
A: Limitacién de esbeltez
N.: Resistencia a traccién
N.: Resistencia a compresién
My,: Resistencia a flexion eje Y
M.: Resistencia a flexion eje Z
V:: Resistencia a corte Z
Vy: Resistencia a corte Y
M,V;: Resistencia a momento flector Y y fuerza cortante Z combinados
M.V: Resistencia a momento flector Z y fuerza cortante Y combinados
NMM.: Resistencia a flexién y axil combinados
NM,M.V,V;: Resistencia a flexién, axil y cortante combinados
M.: Resistencia a torsion
M\V: Resistencia a cortante Z y momento torsor combinados
M\V: Resistencia a cortante Y y momento torsor combinados
x: Distancia al origen de la barra
n: Coeficiente de aprovechamiento (%)
N.P.: No procede
Comprobaciones que no proceden (N.P.):
® La comprobacién no procede, ya que no hay axil de traccion.
@ La comprobacién no procede, ya que no hay momento flector.
@ La comprobacién no procede, ya que no hay esfuerzo cortante.
“ No hay interaccién entre momento flector y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
© La comprobacién no procede, ya que no hay momento torsor.
© No hay interaccién entre momento torsor y esfuerzo cortante para ninguna combinacién. Por lo tanto, la comprobacién no procede.
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Comprobaciones de resistencia

Referencia:

-Pernos: 4916 mm L=30 cm Patilla a 90 grados

-Placa base: Ancho X: 300 mm Ancho Y: 300 mm Espesor: 10 mm

-Disposicion: Posicion X: Centrada Posicion Y: Centrada

Comprobacion Valores Estado
Separacién minima entre pernos: Minimo: 48 mm
3 diametros Calculado: 200 mm Cumple
Separacién minima pernos-borde: Minimo: 24 mm
1.5 diametros Calculado: 50 mm Cumple
Longitud minima del perno: Minimo: 16 cm
Se calcula la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigon:
- Traccion: Maximo: 5.437 t
Calculado: 1.756 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.007 t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 1.766 t Cumple
Traccion en vastago de pernos: Méaximo: 6.557 t
Calculado: 1.482 t Cumple
Tension de Von Mises en vastago de pernos: Méaximo: 3883.31 kp/cm=2
Calculado: 737.225 kp/cm?2 | Cumple
Aplastamiento perno en placa: Maximo: 8.543 t
Limite del cortante en un perno actuando contra la placa Calculado: 0.006 t Cumple
Tension de Von Mises en secciones globales: Méaximo: 2669.77 kp/cm=2
- Derecha: Calculado: 1643.03 kp/cm2 | Cumple
- lzquierda: Calculado: 1643.03 kp/cm?2 | Cumple
- Arriba: Calculado: 1995.04 kp/cm2 | Cumple
- Abajo: Calculado: 1555.68 kp/cm2 | Cumple
Flecha global equivalente:
Limitacion de la deformabilidad de los vuelos Minimo: 250
- Derecha: Calculado: 564.264 Cumple
- lzquierda: Calculado: 564.264 Cumple
- Arriba: Calculado: 371.504 Cumple
- Abajo: Calculado: 413.025 Cumple
Tension de Von Mises local: Méximo: 2669.77 kp/cm?2
Tension por traccion de pernos sobre placas en voladizo Calculado: 0 kp/cm?2 Cumple

Se cumplen todas las comprobaciones

Informacién adicional:

- Relacion rotura pésima seccion de hormigon: 0.0416

Comprobaciones de resistencia

Referencia:

-Placa base: Ancho X: 300 mm Ancho Y: 300 mm Espesor: 10 mm

-Pernos: 4916 mm L=30 cm Patilla a 90 grados
-Disposicion: Posicion X: Centrada Posicion Y: Centrada

Comprobacion Valores Estado
Separaciéon minima entre pernos: Minimo: 48 mm
3 diametros Calculado: 200 mm Cumple
Separacién minima pernos-borde: Minimo: 24 mm
1.5 diametros Calculado: 50 mm Cumple
Longitud minima del perno: Minimo: 16 cm
Se calcula la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigon:
- Traccion: Maximo: 5.437 t
Calculado: 2.208 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.012 t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 2.225 t Cumple
Traccion en vastago de pernos: Méaximo: 6.557 t
Calculado: 1.863 t Cumple

Tension de Von Mises en vastago de pernos:

Méaximo: 3883.31 kp/cm=2
Calculado: 926.863 kp/cm?2 | Cumple

Aplastamiento perno en placa:
Limite del cortante en un perno actuando contra la placa

Maximo: 8.543 t

Calculado: 0.01 t Cumple

Tension de Von Mises en secciones globales:
- Derecha:
- lzquierda:
- Arriba:
- Abajo:

Méaximo: 2669.77 kp/cm=2
Calculado: 2062.29 kp/cm?2 | Cumple
Calculado: 2062.29 kp/cm2 | Cumple
Calculado: 2508.37 kp/cm?2 | Cumple
Calculado: 1937.63 kp/cm2 | Cumple

Flecha global equivalente:

Limitacion de la deformabilidad de los vuelos Minimo: 250
- Derecha: Calculado: 450.452 Cumple
- lzquierda: Calculado: 450.452 Cumple
- Arriba: Calculado: 295.502 Cumple
- Abajo: Calculado: 331.565 Cumple
Tensién de Von Mises local: Méximo: 2669.77 kp/cm?2
Tension por traccion de pernos sobre placas en voladizo Calculado: 0 kp/cm?2 Cumple

Se cumplen todas las comprobaciones

Informacion adicional:
- Relacion rotura pésima seccioén de hormigon: 0.0523
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Comprobaciones de resistencia

Referencia:

-Placa base: Ancho X: 400 mm Ancho Y: 400 mm Espesor: 10 mm
-Pernos: 4916 mm L=30 cm Patilla a 90 grados
-Disposicion: Posicion X: Centrada Posicion Y: Centrada

-Rigidizadores: Paralelos X: 1(150x0x10.0) Paralelos Y: 1(150x0x10.0)

Comprobacion Valores Estado
Separacion minima entre pernos: Minimo: 48 mm
3 diametros Calculado: 301 mm Cumple
Separacion minima pernos-borde: Minimo: 24 mm
1.5 diametros Calculado: 50 mm Cumple
Esbeltez de rigidizadores: Méaximo: 50
- Paralelos a X: Calculado: 33.7 Cumple
- Paralelos a Y: Calculado: 33.7 Cumple
Longitud minima del perno: Minimo: 17 cm
Se calcula la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigon:
- Traccion: Maximo: 5.437 t
Calculado: 1.016 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.339 t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 1.5t Cumple
Traccion en vastago de pernos: Méaximo: 8.196 t
Calculado: 0.847 t Cumple
Tension de Von Mises en vastago de pernos: Méaximo: 4854.13 kp/cm=2
Calculado: 502.622 kp/cm?2 | Cumple
Aplastamiento perno en placa: Méaximo: 8.543 t
Limite del cortante en un perno actuando contra la placa Calculado: 0.286 t Cumple
Tension de Von Mises en secciones globales: Méaximo: 2669.77 kp/cm=2
- Derecha: Calculado: 530.356 kp/cm2 | Cumple
- lzquierda: Calculado: 530.356 kp/cm2| Cumple
- Arriba: Calculado: 185.631 kp/cm2 | Cumple
- Abajo: Calculado: 1807.7 kp/cm2 |Cumple
Flecha global equivalente:
Limitacion de la deformabilidad de los vuelos Minimo: 250
- Derecha: Calculado: 22278 Cumple
- lzquierda: Calculado: 22278 Cumple
- Arriba: Calculado: 48003.1 Cumple
- Abajo: Calculado: 5780 Cumple
Tension de Von Mises local: Méximo: 2669.77 kp/cm?2
Tension por traccion de pernos sobre placas en voladizo Calculado: 0 kp/cm?2 Cumple

Se cumplen todas las comprobaciones

Informacién adicional:

- Relacion rotura pésima seccioén de hormigon: 0.11

Comprobaciones de resistencia

Referencia:
-Placa base: Ancho X: 400 mm Ancho Y: 400 mm Espesor: 10 mm
-Pernos: 4916 mm L=30 cm Patilla a 90 grados
-Disposicion: Posicion X: Centrada Posicion Y: Centrada
-Rigidizadores: Paralelos X: 1(150x0x10.0) Paralelos Y: 1(150x0x10.0)
Comprobacion Valores Estado
Separacion minima entre pernos: Minimo: 48 mm
3 diametros Calculado: 340 mm Cumple
Separacion minima pernos-borde: Minimo: 24 mm
1.5 diametros Calculado: 30 mm Cumple
Esbeltez de rigidizadores: Méaximo: 50
- Paralelos a X: Calculado: 33.7 Cumple
- Paralelos a Y: Calculado: 33.7 Cumple
Longitud minima del perno: Minimo: 17 cm
Se calcula la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigon:
- Traccion: Maximo: 5.437 t
Calculado: 1.049 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.339t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 1.532 t Cumple
Traccion en vastago de pernos: Méaximo: 8.196 t
Calculado: 0.875 t Cumple
Tension de Von Mises en vastago de pernos: Méaximo: 4854.13 kp/cm=2
Calculado: 514.355 kp/cm?2 | Cumple
Aplastamiento perno en placa: Méaximo: 8.543 t
Limite del cortante en un perno actuando contra la placa Calculado: 0.286 t Cumple
Tension de Von Mises en secciones globales: Méaximo: 2669.77 kp/cm=2
- Derecha: Calculado: 506.302 kp/cm2 | Cumple
- lzquierda: Calculado: 506.302 kp/cm2 | Cumple
- Arriba: Calculado: 237.125 kp/cm2 | Cumple
- Abajo: Calculado: 1771.31 kp/cm2 | Cumple
Flecha global equivalente: )
Limitacion de la deformabilidad de los vuelos Minimo: 250
- Derecha: Calculado: 24486.9 Cumple
- lzquierda: Calculado: 24486.9 Cumple
- Arriba: Calculado: 32273.6 Cumple
- Abajo: Calculado: 5916.42 Cumple
Tensién de Von Mises local: Méximo: 2669.77 kp/cm?2
Tension por traccion de pernos sobre placas en voladizo Calculado: 0 kp/cm?2 Cumple
Se cumplen todas las comprobaciones
Informacién adicional:
- Relacion rotura pésima seccion de hormigon: 0.107
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Referencia: 1
Dimensiones: 200 x 200 x 60
Armados: Xi:@12c/20 Yi:@12c¢/20 Xs:@812c/20 Ys:@12c¢c/20

Comprobacion Valores Estado
Tensiones sobre el terreno:
Criterio de CYPE Ingenieros
- Tensién media en situaciones persistentes: Maximo: 2 kp/cm=2
Calculado: 0.421 kp/cm=2 Cumple
- Tensién maxima en situaciones persistentes sin viento: Méaximo: 2.5 kp/cm=2
Calculado: 0.842 kp/cm=2 Cumple
- Tensién maxima en situaciones persistentes con viento: Méaximo: 2.5 kp/cm=2
Calculado: 0.842 kp/cm=2 Cumple

Vuelco de la zapata:

- En direccion X:
Si el % de reserva de seguridad es mayor que cero, quiere decir que los
coeficientes de seguridad al vuelco son mayores que los valores estrictos

exigidos para todas las combinaciones de equilibrio. Reserva seguridad: 184.5 % | Cumple
- En direccion Y @ No procede
@ .
Sin momento de vuelco
Flexién en la zapata:
- En direccion X: Momento: 13.36 t-m Cumple
- En direccién Y: Momento: 3.73 t-m Cumple
Cortante en la zapata:
- En direccién X: Cortante: 7.54 t Cumple
- En direccion Y: Cortante: 3.22 t Cumple
Compresién oblicua en la zapata:
- Situaciones persistentes: Méaximo: 509.68 t/m=2
Criterio de CYPE Ingenieros Calculado: 59.2 t/m=2 Cumple
Canto minimo: Minimo: 25 cm
Articulo 58.8.1 de la norma EHE-08 Calculado: 60 cm Cumple
Espacio para anclar arranques en cimentacion: Minimo: 30 cm
-1: Calculado: 53 cm Cumple
Cuantia geométrica minima: )
Articulo 42.3.5 de la norma EHE-08 Minimo: 0.0009
- Armado inferior direccion X: Calculado: 0.0009 Cumple
- Armado superior direccion X: Calculado: 0.0009 Cumple
- Armado inferior direccién Y: Calculado: 0.0009 Cumple
- Armado superior direccion Y: Calculado: 0.0009 Cumple
Cuantia minima necesaria por flexion:
Articulo 42.3.2 de la norma EHE-08 Calculado: 0.001
- Armado inferior direccion X: Minimo: 0.0008 Cumple
- Armado inferior direccién Y: Minimo: 0.0003 Cumple
- Armado superior direccion X: Minimo: 0.0001 Cumple

Diametro minimo de las barras: o

Recomendacién del Articulo 58.8.2 (norma EHE-08) Minimo: 12 mm
- Parrilla inferior: Calculado: 12 mm Cumple
- Parrilla superior: Calculado: 12 mm Cumple

Separacion maxima entre barras: o

Articulo 58.8.2 de la norma EHE-08 Maximo: 30 cm
- Armado inferior direccion X: Calculado: 20 cm Cumple
- Armado inferior direccién Y: Calculado: 20 cm Cumple
- Armado superior direccion X: Calculado: 20 cm Cumple
- Armado superior direccion Y: Calculado: 20 cm Cumple

Separacion minima entre barras:

Criterio de CYPE Ingenieros, basado en: J. Calavera. “Calculo de Estructuras de .

Cimentacioén”. Capitulo 3.16 Minimo: 10 cm
- Armado inferior direcciéon X: Calculado: 20 cm Cumple
- Armado inferior direccién Y: Calculado: 20 cm Cumple
- Armado superior direccion X: Calculado: 20 cm Cumple
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Referencia: (1-2)
Dimensiones: 155 x 220 x 65
Armados: Xi:@12c/17 Yi:@12c¢/17 Xs:@12c/17 Ys:@12c/17

Comprobacion Valores Estado
Tensiones sobre el terreno:
Criterio de CYPE Ingenieros
- Tensién media en situaciones persistentes: Maximo: 2 kp/cm=2
Calculado: 0.168 kp/cm=2 Cumple
- Tensidon maxima en situaciones persistentes: Maximo: 2.5 kp/cm=2
Calculado: 0.336 kp/cm=2 Cumple
Vuelco de la zapata:
- En direccion X ¥ No procede

- En direccion Y:
Si el % de reserva de seguridad es mayor que cero, quiere decir que los
coeficientes de seguridad al vuelco son mayores que los valores estrictos

exigidos para todas las combinaciones de equilibrio. Reserva seguridad: 194.0 % | Cumple
@ sin momento de vuelco
Flexiéon en la zapata:
- En direccién X: Momento: 0.00 t-m Cumple
- En direccién Y: Momento: -1.23 t-m Cumple
Cortante en la zapata:
- En direccién X: Cortante: 0.02 t Cumple
- En direccion Y: Cortante: 0.75 t Cumple
Compresion oblicua en la zapata:
- Situaciones persistentes: Méaximo: 509.68 t/m=2
Criterio de CYPE Ingenieros Calculado: 19.56 t/m=2 Cumple
Canto minimo: Minimo: 25 cm
Articulo 58.8.1 de la norma EHE-08 Calculado: 65 cm Cumple
Espacio para anclar arranques en cimentacion: Minimo: 24 cm
- 1: Calculado: 58 cm Cumple
- 2: Calculado: 58 cm Cumple
Cuantia geométrica minima:
Articulo 42.3.5 de la norma EHE-08 Minimo: 0.001
- Armado inferior direccién X: Calculado: 0.001 Cumple
- Armado superior direccion X: Calculado: 0.001 Cumple
- Armado inferior direccién Y: Calculado: 0.001 Cumple
- Armado superior direccion Y: Calculado: 0.001 Cumple
Cuantia minima necesaria por flexion:
Articulo 42.3.2 de la norma EHE-08 Calculado: 0.0011
- Armado inferior direccién Y: Minimo: 0.0001 Cumple
- Armado superior direccion Y: Minimo: 0.0002 Cumple
Didmetro minimo de las barras:
Recomendacién del Articulo 58.8.2 (norma EHE-08) Minimo: 12 mm
- Parrilla inferior: Calculado: 12 mm Cumple
- Parrilla superior: Calculado: 12 mm Cumple

Separacion maxima entre barras:

Articulo 58.8.2 de la norma EHE-08 Maximo: 30 cm
- Armado inferior direccion X: Calculado: 17 cm Cumple
- Armado inferior direccién Y: Calculado: 17 cm Cumple
- Armado superior direccion X: Calculado: 17 cm Cumple
- Armado superior direccion Y: Calculado: 17 cm Cumple

Separacion minima entre barras:

Criterio de CYPE Ingenieros, basado en: J. Calavera. "Calculo de Estructuras de

Cimentacion”. Capitulo 3.16 Minimo: 10 cm
- Armado inferior direccién X: Calculado: 17 cm Cumple
- Armado inferior direccién Y: Calculado: 17 cm Cumple
- Armado superior direccion X: Calculado: 17 cm Cumple
- Armado superior direccion Y: Calculado: 17 cm Cumple

Structure calculation
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Design Development

Design Development 2

Referencia: (1-2)
Dimensiones: 155 x 220 x 65
Armados: Xi:@12c/17 Yi:@12c¢/17 Xs:@12c/17 Ys:@12c/17

Comprobacion Valores Estado
Tensiones sobre el terreno:
Criterio de CYPE Ingenieros
- Tensién media en situaciones persistentes: Maximo: 2 kp/cm=2
Calculado: 0.212 kp/cm=2 Cumple
- Tensidon maxima en situaciones persistentes: Maximo: 2.5 kp/cm=2
Calculado: 0.424 kp/cm=2 Cumple
Vuelco de la zapata:
- En direccion X ¥ No procede

- En direccion Y:
Si el % de reserva de seguridad es mayor que cero, quiere decir que los
coeficientes de seguridad al vuelco son mayores que los valores estrictos

exigidos para todas las combinaciones de equilibrio. Reserva seguridad: 108.4 % | Cumple
@ sin momento de vuelco
Flexiéon en la zapata:
- En direccién X: Momento: 0.00 t-m Cumple
- En direccién Y: Momento: 1.55 t-m Cumple
Cortante en la zapata:
- En direccién X: Cortante: 0.02 t Cumple
- En direccion Y: Cortante: 1.11 t Cumple
Compresion oblicua en la zapata:
- Situaciones persistentes: Méaximo: 509.68 t/m=2
Criterio de CYPE Ingenieros Calculado: 24.14 t/m=2 Cumple
Canto minimo: Minimo: 25 cm
Articulo 58.8.1 de la norma EHE-08 Calculado: 65 cm Cumple
Espacio para anclar arranques en cimentacion: Minimo: 30 cm
- 1: Calculado: 58 cm Cumple
- 2: Calculado: 58 cm Cumple
Cuantia geométrica minima:
Articulo 42.3.5 de la norma EHE-08 Minimo: 0.0009
- Armado inferior direccién X: Calculado: 0.001 Cumple
- Armado superior direccion X: Calculado: 0.001 Cumple
- Armado inferior direccién Y: Calculado: 0.001 Cumple
- Armado superior direccion Y: Calculado: 0.001 Cumple
Cuantia minima necesaria por flexion:
Articulo 42.3.2 de la norma EHE-08 Calculado: 0.0011
- Armado inferior direccién Y: Minimo: 0.0002 Cumple
- Armado superior direccion Y: Minimo: 0.0001 Cumple

Didmetro minimo de las barras:

Recomendacién del Articulo 58.8.2 (norma EHE-08) Minimo: 12 mm
- Parrilla inferior: Calculado: 12 mm Cumple
- Parrilla superior: Calculado: 12 mm Cumple

Separacion maxima entre barras:

Articulo 58.8.2 de la norma EHE-08 Maximo: 30 cm
- Armado inferior direcciéon X: Calculado: 17 cm Cumple
- Armado inferior direccién Y: Calculado: 17 cm Cumple
- Armado superior direccion X: Calculado: 17 cm Cumple
- Armado superior direccion Y: Calculado: 17 cm Cumple

Separacion minima entre barras:

Criterio de CYPE Ingenieros, basado en: J. Calavera. "Calculo de Estructuras de

Cimentacion”. Capitulo 3.16 Minimo: 10 cm
- Armado inferior direcciéon X: Calculado: 17 cm Cumple
- Armado inferior direccién Y: Calculado: 17 cm Cumple
- Armado superior direccion X: Calculado: 17 cm Cumple
- Armado superior direccion Y: Calculado: 17 cm Cumple

Structure calculation
41

Master Membrane Structure - Thesis (2017)
Tensile Structure for Children Playground - Astigarraga, Spain

=

’ ; M5 W '_.:\

Thirachai Dheravatnvong
4059492



Design Development

Design Development 2

Conclution:  After client discuss with the government’s architect, the membrane size need to reduce and
change some design because they not allow to build these large scale of membrane on this area.
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Final Design

Change and Additional Briefs

- Cover area is reduce from the whole area to
middle part of the playground.

- The highest part decrease to 6,50 m
- Keep only the middle arch.

- Make a middle axis design to mirror membrane
in two side. (lower cost of building.)
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Final Design
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Final Design

Arcitectural Drawing and Details
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Arcitectural Drawing and Details

Pilar n°-1
. Pilar n°-6
Pilar n°-2
\/\;
Arco central n°-1 _
Pilar n°-5
, Pilar n°-4
Pilar n°-3
Structire code
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Final Design

Arcitectural Drawing and Details

5.18

7.90

5.20

4.06

~ 16.83

5.20

7.90

5.18

4.87

1.86

4.98

2.20

14.61

4.57

Foundation plan
48

Master Membrane Structure - Thesis (2017)
Tensile Structure for Children Playground - Astigarraga, Spain

| ; M5 W i;

Thirachai Dheravatnvong
4059492



Final Design

Arcitectural Drawing and Details

Foundation plan

Structure plan
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Final Design

Perspective
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)

Pilar n°

Pilar n°-6

Pilar n>-2

Arco ce

Pilar n°-5

ilar n°-4

Pilar n°-

Structire code
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)
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Foundation plan
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)

Foundation plan
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)

Foundation plan
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Final Design

Construction Correspondence (Arcitectural Drawing and Details)

Pillar plan
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Final Design

Membrane Details and Analysis

- Wind velocity pressure

ZoneC= 29 m/s

- Cp - Values for membrame structures

Zone A = -0.15
Zone B = -0.6
ZoneC= -1.0

Zone D = +04/-0.2

- Terrain Categories

B £ Category |
Rough open sea, [...], even, flat country

Category Il

Farmland with boundary hedges, [ ], occasional small farm
structures

Category lll
Suburban or industrial areas and permanent forests

Category IV

Urban areas, in which at least 15% of the surface is covered with
buildings and their average height exceeds 15m

Terrain categories, DIN EN 1991-14, EC1-4)

- Load Cases
Combination | Self Weight| Wind X Wind Y Snow

LC1 1
LC2 1 1
LC3 1 1
LC4 1 1
LC5 1 1 1
LC6 1 1 1
LC7 1.35
LC8 1.35 1.5
LC9 1.35 1.5
LC 10 1.35 1.5
LC11 1.35 1.5 1.5
LC12 1.35 1.5 1.5

- Membrane zones definition

Wind X

Y

WindY
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Final Design
Membrane Details and Analysis

- Characteristic values for snow loads on the ground

- Snow loads on roof : One-sided pitched roofs

. K
f al Inclination a 0°< as 30" 30° < a5 60° a> 60
A Coruf a e e
BRke KN/ 1Sk Form factor 0.8 0.8 (80" — /30 0
Zona N° A=0
YEE Form factor p, (DIN EN 1991-1-3, EC1-3)
Pantevedra s Pampiona 1 U11
. Eu;gr:ns Lografio Hu&s.:a 5 0.3
Palencia .
: Soria Zaragaza ]
' . . Lieida
!I ZETDm Valladalid B < reelona 4 0.7
i Salamanca  Segovia Arragona > o
4 » Avila Guadalajara A
. . S = (0,1902 - 0,085 [1+(—)
\F~ r-..'lar:ind k [: }' 524 ]
3 . Tarim o
; Toledo el Castellén @ Load figure for even or one-sided pitched roofs
- " Espafia e Py (DIN EN 1991-1-3, figure 5.2)
! Céceres Spain de Mallarca
i Albaceta
- L] Islas Baleares
* o) Ciudad Real
- Chi e - Characteristic snow load on roof
: Cérdoba Murclay
] g e si=ul*ce*ct*sk
; s si=0,8%1,2%1,0*%0,7 kN/m2 = 0,672 kN/m2
RS, L Granad; Almeria
si = characteristic snow load for the roof area
Cadiz Ve u1 = form factor of the roof area
. coutn ) o i ce = exposure coeffi cient
S T 5 ct = thermal coeffi cient
¥ u z_'MaIdIa i

I - o

i ]

: sk = characteristic snow load on the ground
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Final Design

FDM Solver

Membrane Details and Analysis

FDM Solver
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1.511

Form-Find:membrane sl stresses (KN/m) : Average Weighted sl stresses :3.824 (KNim)

8

1.135

0.851

0.189
0.085
0.000

Form-Find:membrane sl| stresses (KN/m) : Average Weighted sl stresses :0.540 (KN/m)

Form - finding
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Final Design

Membrane Details and Analysis

FDM Solver

FDM Solver

'
ML LT
)]

i

(KN/m)

FDM Waft

9,834
0132
8.430
7727
7.025
6.322
5620
4917
4215
3512
2810
2107
1.405
0.702
0.000
7.712
7.161
6610
6.060
5509
4958
4407
3856
3.305
2754
2203
1,653
1.102
0.551
0.000

(KN/m)

FOM axial

gBERENEsgEESgRE
G @ 0 M~ 0BT T M NN - S8

Form-F

Form - finding
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Final Design

Membrane Details and Analysis
FDM Solver FDM Solver

7.461 7.404
7.030 6.784
~ 65% 6185

- 6.168 - 5.546
5.737 4.927
5.306 4.308
4.875 3.689
4.444 3.070
4.013 2.451
3582 1.832
3.151 1.213
2720 0.584
2289 -0.026
1.858 -0.645
1.427 -1.264
Form-Fi Von Mises {KN/m) : Average Weighted Von Misas stresses :3.600 (KN/m) Form-Find:membrane sigma xx (Warp) stresses (KN/m) : Average Weighted sigma xx (Warp) stresses :1.385 (KN/m)
3.076
2857
2.637
" 2.417
2197
1.978
1.758
1.538
1318
1.009
0.879
0.659
0.439
0.220
0.000
Form-Find:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :1.383 (KN/m)
Form - finding
61
Master Membrane Structure - Thesis (2017) ST N Thirachai Dheravatnvong
Tensile Structure for Children Playground - Astigarraga, Spain C ey 4059492



FDM Solver

Membrane Details and Analysis

Final Design
FDM Solver
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0.037
0.034
0.031
0.029
0.026
0.024
0.021
0.018
0.016
0.013
0.010
0.008
0.005
0.003
0.000

LC1: Node displacements (m)
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Final Design

Membrane Details and Analysis
FDM Solver

7.526
7.089
6.652
. 6.215
5778
5.341
4.904
4.467
4.030
3.593
3.156
2719
2.282
1.845
1.408
LC1:membrane sl stresses (KN/m) : Average Weighted si stresses :3.829 (KN/m)

1231
1.143
1.056
- 0.968
0.880
0.792
0.704
0.616
0.528
0.440
0.352
0.264
0.176
0.088
0.000
LC1:membrane sl stresses (KN/m) : Average Weaighted sl stresses :0.469 (KN/m)

LC1 - Self weight 1.0
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Final Design

Membrane Details and Analysis

FDM Solver

9.797
9.008
8.308
7.698
6.998
6.208
5.509
4.899
4.199
3.499
2799
2.099
1.400
0.700
0.000

LC1:membrane FDM Warp stresses (KN/m)

FDM Solver

9.797
9.008
8.308
7.698
6.998
6.208
5.509
4.899
4.199
3.499
2799
2.099
1.400
0.700
0.000

LC1:membrane FDM axial stresses (KN/m)

.79
6.616

7.168

6.085

5.514

4962
4411
3.860
3.308
2757
2205
1,654
1.103
0.551
0.000

LC1:membrane FDM Weft stressas (KN/m})

LC1 - Self weight 1.0
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Final Design

Membrane Details and Analysis
FDM Solver FDM Solver

7.398 7.365
6.965 6.751
6532 ~ 613%

. 6.099 - 5.522
5.665 4.907
5232 4.203
4.799 3.679
4.366 3.084
3933 2.450
3.499 1.835
3.0686 1.221
2633 0.607
2200 -0.008
1.766 -0.622
1.333 -1.237
LC1 b Von Mises (KN/m} : Average Weighted Von Mises stresses :3.633 (KN/m) LC1:membrane sigma xx (Warp) stresses (KN/m) : Average Waeighted sigma xx (Warp) stresses :1.362 (KN/m)
3.027
2811
2.595
" 2378
21862
1.946
1.730
1514
1.297
1.081
0.865
0.649
0.432
0.216
0.000
LC1:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :1.354 (KN/m)
LC1 - Self weight 1.0
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LC2: Node displacements (m)
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Final Design

Membrane Details and Analysis
FDM Solver

22,502
. 20,871

19.440
17.909
16.377
14.846
13.315
11.784
10.253
8722
7491
5.659
4128
2.597
1.066
LC2:membrane sl stresses (KN/m) : Average Weighted sl stresses :7.771 (KN/m)

6.437
. 5.978
5.518
5.058
4.598
4.138
3.678
3.219
2.759
2.299
1.839
1.379
0.920
0.460
0.000
LCZ:membrane sl stresses (KN/m) : Average Weaighted sl stresses :1.946 (KN/m)

LC2 - Self weight 1.0 + Wind X 1.0
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FDM Solver

Membrane Details and Analysis

FDM Solver

| 7489
6665
5.832
4.999
4.186
3333
2.500
1.666
0833
0.000

827
8.735
7843
6.551
5.459
4.367
3.2716
2,184
1.092
0.000

(KN/m)

FOM Warp

(KNJm)

FDM axial

Lc2:

EEERERERE
B W~ G W F MmN - O

(KNim)

FDM Weft

LC2:

LC2 - Self weight 1.0 + Wind X 1.0
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Membrane Details and Analysis

FDM Solver FDM Solver

22244 21.197
20.730 10.312
= 19216 = ez

- 17.702 . 15.542
16.189 13.657
14.675 11.772
13.181 9.887
11.647 8.002
10.134 6117
8.620 4.232
T.106 2347
5.592 0.462
4.079 -1.423
2565 -3.308
1.051 -5.193
LC2: b Von Mises (KN/m) : Average Weighted Von Mises stresses :7.181 (KN/m) LC2:membrane sigma xx (Warp) stresses (KN/m) : Average Waeighted sigma xx (Warp) stresses :3.033 {(KN/m)
13.702
12.723
11.744
" 10.766
9.787
8.808
7.830
6.851
5.872
4.894
3.915
2936
1.857
0.979
0.000
LCZ:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :3.507 (KN/m)
LC2 - Self weight 1.0 + Wind X 1.0
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LC3 - Self weight 1.0 + Wind Y 1.0
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LC3: Node displacements (m)

- 0441
0.397
0.353
0.309
0.265
0221
0.176
0.132
0.088
0.044
0.000

Membrane Details and Analysis

FDM Solver
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Membrane Details and Analysis
FDM Solver

16.352
15.352
14,352
. 13,352
12.352
11.352
10.352
9.352
8.352
7.352
6.352
5.352
4.352
3.352
2.352
LC3:membrane sl stresses (KN/m) : Average Weighted sl stresses :7.313 (KN/m)

2184
1.872
1.560
1.248
0.936
0.624
0.312
0.000
LC3:mambrane sll stresses (KN/m) : Average Waighted sil stresses :1.830 (KN/m)

LC3 - Self weight 1.0 + Wind Y 1.0
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Final Design

Membrane Details and Analysis

FDM Solver

FDM Solver

1.757

1.757

(KN/m)

FDM Warp

(KNJm)

FDM axial

9.403
I 8.731
8.060

7.388

. BT8

6.045

5373

4.702

4.030
3.358
2.6687

2.015

1.343

0.672

0.000

(KNim)

FDM Waft

LC3:

LC3 - Self weight 1.0 + Wind Y 1.0
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Membrane Details and Analysis
FDM Solver FDM Solver

16.168 14762
15173 13,511
= AT = 12239

- 13.182 - 10.968
12.186 9.696
11.191 8.425
10.185 7153
9.200 5.882
8.204 4.610
7.209 3.339
6.213 2.067
5218 2 0.796
4.222 -0.476
3227 -1.747
223 -3.019
LC3: b Von Mises (KN/m) : Average Weighted Von Mises stresses :6.688 (KN/m) LCA:membrane sigma xx (Warp) stresses (KN/m) : Average Waeighted sigma xx (Warp) stresses :2.861 (KN/m)
7.801
7244
6.686
" 6.129
5572
5.015
4.458
3.000
3.343
2.786
2229
1.672
1.114
0.557
0.000
LC3:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :3.210 (KN/m)
LC3 - Self weight 1.0 + Wind Y 1.0
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0.037
0.034
0.031
0.029
0.026
0.024
0.021
0.018
0.016
0.013
0.010
0.008
0.005
0.003
0.000

LC4: Node displacements (m)

Membrane Details and Analysis

FDM Solver
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FDM Solver

7.526
7.089
6.652
. 6.215
5778
5.341
4.904
4.467
4.030
3.593
3.156
2719
2.282
1.845
1.408
LC4a:membrane sl stresses (KN/m) : Average Weighted s stresses :3.829 (KN/m)

1231
1.143
1.056

» 0.968
0.880
0.792
0.704
0.616
0.528
0.440
0.352
0.264
0.176
0.088
0.000
LC4:membrane sll stresses (KN/m) : Average Weighted sl siresses :0.469 (KN/m)

LC4 - Self weight 1.0 + Snow 1.0
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FDM Solver

FDM Solver

| 6208
5,580
4,899
4199
3,499
2.709
2,099
1.400
0.700
0.000

LC:

| 6208
5,580
4,899
4199
3,499
2.709
2,099
1.400
0.700
0.000

LC:

(KN/m)

FOM Warp

(KNJm)

FDM axial

.79
6.616
B6.085
5.514
4.962
4411
3.860
3.308
2,757
2.205
1.654
1.103
0.551
0.000

7.168

(KNim)

FDM Weft

LC4 - Self weight 1.0 + Snow 1.0
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Membrane Details and Analysis
FDM Solver FDM Solver

7.398 7.365
6.965 6.751
6532 ~ 613%

. 6.099 - 5.522
5.665 4.907
5232 4.203
4.799 3.679
4.366 3.084
3933 2.450
3.499 1.835
3.0686 1.221
2633 0.607
2200 -0.008
1.766 -0.622
1.333 -1.237
LC: b Von Mises (KN/m) : Average Weighted Von Mises stresses :3.633 (KN/m) LC4:membrane sigma xx (Warp) stresses (KN/m) : Average Weighted sigma xx (Warp) stresses :1.362 (KN/m)
3.027
2811
2.595
" 2378
21862
1.946
1.730
1514
1.297
1.081
0.865
0.649
0.432
0.216
0.000
LC4:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :1.354 (KN/m)
LC4 - Self weight 1.0 + Snow 1.0
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LCS5: Node displacements (m)
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Membrane Details and Analysis
FDM Solver

22,502
. 20,871

19.440
17.909
16.377
14.846
13.315
11.784
10.253
8722
7491
5.659
4128
2.597
1.066
LC5:membrane sl stresses (KN/m) : Average Weighted sl stresses :7.771 (KN/m)

6.437
. 5.978
5.518
5.058
4.598
4.138
3.678
3.219
2.759
2.299
1.839
1.379
0.920
0.460
0.000
LC5:membrane sl stresses (KN/m) : Average Weaighted sl stresses :1.946 (KN/m)

LC5 - Self weight 1.0 + Wind X 1.0 + Snow 1.0
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FDM Solver

FDM Solver

4.166

531

(KN/m)

FOM Warp

(KNJm)

FDM axial

(KNim)

FDM Weft

LC5 - Self weight 1.0 + Wind X 1.0 + Snow 1.0
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Membrane Details and Analysis

FDM Solver FDM Solver

22244 21.197
20.730 10.312
= 19216 = ez

- 17.702 . 15.542
16.189 13.657
14.675 11.772
13.181 9.887
11.647 8.002
10.134 6117
8.620 4.232
T.106 2347
5.592 0.462
4.079 -1.423
2565 -3.308
1.051 -5.193
LC: b Von Mises (KN/m) : Average Weighted Von Mises stresses :7.181 (KN/m) LC5:membrane sigma xx (Warp) stresses (KN/m) : Average Weighted sigma xx (Warp) stresses :3.033 {(KN/m)
13.702
12.723
11.744
" 10.766
9.787
8.808
7.830
6.851
5.872
4.894
3.915
2936
1.857
0.979
0.000
LC5:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :3.507 (KN/m)
LC5 - Self weight 1.0 + Wind X 1.0 + Snow 1.0
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FDM Solver

16.352
15.352
14,352
13352
12.352
11.352
10.352
9.352
8.352
7.352
6.352
5.352
4.352
3.352
2.352
LCE:membrane sl stresses (KN/m) : Average Weighted sl stresses :7.313 (KN/m)

2184
1.872
1.560
1.248
0.936
0.624
0.312
0.000
LC6&:membrane sl stresses (KN/m) : Average Weaighted sl stresses :1.830 (KN/m)

LC6 - Self weight 1.0 + Wind Y 1.0 + Snow 1.0
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FDM Solver

FDM Solver

1.757

1.757

(KN/m)

FDM Warp

(KNJm)

FDM axial

9.403
I 8.731
8.060
7.388

FEEEEEERERES
G O 0w F T NN OO
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(KNim)

FDM Waft

LC6 - Self weight 1.0 + Wind Y 1.0 + Snow 1.0
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Membrane Details and Analysis
FDM Solver FDM Solver

16.168 14762
15173 13,511
= AT = 12239

- 13.182 - 10.968
12.186 9.696
11.191 8.425
10.185 7153
9.200 5.882
8.204 4.610
7.209 3.339
6.213 2.067
5218 0.796
4.222 -0.476
3227 -1.747
223 -3.019
LC b Von Mises (KN/m) : Average Weighted Von Mises stresses :6.688 (KN/m) LCB:membrane sigma xx (Warp) stresses (KN/m) : Average Weighted sigma xx (Warp) stresses :2.861 (KN/m)
7.801
7244
6.686
" 6.129
5572
5.015
4.458
3.000
3.343
2.786
2229
1.672
1.114
0.557
0.000
LCE&:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :3.210 (KN/m)
LC6 - Self weight 1.0 + Wind Y 1.0 + Snow 1.0
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LCT7: Node displacements (m)

LC7 - Self weight 1.35
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Membrane Details and Analysis
FDM Solver

7.523
7.085
6.647
. 6.209
5771
5.333
4.895
4.457
4.019
3.582
3.144
2.706
2.268
1.830
1.392
LCT:membrane sl stresses (KN/m) : Average Weighted s stresses :3.839 (KN/m)

1.195
1.110
1.025
- 0.839
0.854
0.768
0.683
0.598
0.512
0.427
0.342
0.256
0171
0.085
0.000
LC7:membrane sll stresses (KN/m) : Average Weighted sl siresses :0.446 (KN/m)

LC7 - Self weight 1.35
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FDM Solver

(KN/m)
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9.786
9.087
8.388
7.689
6.990
6.201
5.502
4.893
4.194
3.495
2.796
2.097
1.398
0.699
0.000

LCT:membrane FDM axial stresses (KN/m)

O o
REs
~ P~ 0

6.068

5.516

4965
4413
3.861
3310
2758
2206
1655
1.103
0.552
0.000

LCT:membrane FDM Weft stressas (KN/m})

LC7 - Self weight 1.35
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Membrane Details and Analysis
FDM Solver FDM Solver

7.361
6.748

— 6
. 5.521
4.907
4.293
3.680
3.086
2.453
1.839
3.047 1.225
2612 0.612
2177 =0.002
1.742 -0.615
1.307 -1.229
LCT: b Von Mises {KN/m) : Average Weighted Von Mises stresses :3.652 (KN/m) LC7:membrane sigma xx (Warp) stresses (KNim) : Average Weighted sigma xx (Warp) stresses :1.358 (KN/m)

7.395
6.960
6526

5.656
5.221
4.786
4.351
3.916
3.482

3.015
2799
2.584
- 2.369
2153
1.938
1723
1.507
1.292
1.077
0.861
0.646
0.431
0.215
0.000
LC7:membrane sigma yy (Weft) strasses (KN/m) : Average Weightad sigma yy (Weft) stresses :1.344 (KN/m)

LC7 - Self weight 1.35
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FDM Solver

FDM Solver

Ty

1111

76
006
236
467

94
88
81
74

021
948
875
802

1

0.
0.
0.

697

67

40.
33
27
20.
13

60.827
54.158
47.388
618
848
079
309
539
6.770
0.000

730
657
584
511
438
365
292
219
146
073
000

0.
0.
0.
0.
0.
0.
0.
0.
L
0.
0.

LCB:Axial KN

LC8: Node displacements (m)
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LC8 - Self weight 1.35 + Wind X 1.5
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FDM Solver

29.240
. 27.269

25,298
23.327
21.355
19.384
17.413
15.442
13.471
11.500
9.529
7.557
5.586
3615
1.644
LCB:membrane sl stresses (KN/m) : Average Weighted si stresses :9.698 (KN/m)

8.657
8.039
7.420

i 6.802

6.184
5.5685
4.947
4.328
3.710
3.092
2473
1.855
1.237
0.618
0.000
LC&:membrane sl stresses (KN/m) : Average Weaighted sl stresses :2.511 (KN/m)

LC8 - Self weight 1.35 + Wind X 1.5
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FDM Solver

FDM Solver

(KN/m)

FOM Warp

(KNJm)

FDM axial

. - R e R

(KNim)

FDM Weft

LC8 - Self weight 1.35 + Wind X 1.5
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Membrane Details and Analysis
FDM Solver FDM Solver

27.336
24.800
22464

23.087 20.028
21.138 17.592
19.188 15.156
17.238 12.720
15.288 10.284
13.338 7.848
11.388 5412
9.438 2.976
7.489 0.540
5.539 -1.896
3.589 -4.332
1.639 -6.768
LCS: b Von Mises (KN/m} : Average Weighted Von Mises stresses :8.942 (KN/m) LCA:membrane sigma xx (Warp) stresses (KN/m) : Average Waeighted sigma xx (Warp) stresses :3.787 (KN/m)
17.994
16.709
15.424
" 14.138
12.853
11.568
10.282
8.997
7.712
6.426
5141
3.856
251
1.285
0.000
LC&:membrane sigma yy (Weft) stresses (KN/m) : Average Weighted sigma yy (Weft) stresses :4.4863 (KN/m)
LC8 - Self weight 1.35 + Wind X 1.5
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FDM Solver

59.434
55.189
50.844
46.698

228
(= I = -]

1
I

. 42453

38.208
33.963
29.717
25.472

I 21.227

16.981

12.736
8,491
4.245
0.000

§§588s8528
© 000000000
e PEm

LCS:Axial KN

LC9: Node displacements (m)

LCI - Self weight 1.35 + Wind Y 1.5
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FDM Solver

19.629
18.402
17.176
15950
14.724
13.497
12.271
11.045
9.819
8592
7.366
6.140
4914
3.687
2.461
LCO:membrane sl stresses (KN/m) : Average Weighted si stresses :8.897 (KN/m)

5.561
5.164
4.767
. 4.370
3.972
3.575
3178
2.781
2.383
1.966
1.589
1.192
0.784
0.397
0.000
LCS:membrane sl stresses (KN/m) : Average Weaighted sl stresses :2.376 (KN/m)

LCI - Self weight 1.35 + Wind Y 1.5
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FDM Solver

FDM Solver
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(KN/m)

FDM Warp

LCS:

(KNJm)

FDM axial

LCS:

12.018

11.160
10.301
9.443

. 8585

7.726
6.868
6.009
5.151
4292
3.434
2575

1717

0.858
0.000

(KNim)

FDM Waft

LCS:

LCI - Self weight 1.35 + Wind Y 1.5
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FDM Solver FDM Solver

19.420 17.698
18.203 16.149
— 16.987 14599

- 15.770 - 13.050
14,554 11.501
13.338 9.052
12121 8.403
10.905 6.854
9.668 5.304
8472 3.755
7.255 2.206
6.039 - 0.657
4.822 -0.892
3.606 -2.441
2.389 -3.991
LCY: b Von Mises (KN/m} : Average Weighted Von Mises stresses :8.124 (KN/m) LC@:membrane sigma xx (Warp) stresses (KN/m) : Average Weighted sigma xx (Warp) stresses :3.510 (KN/m)
10.368
9.628
8.887
" 8.146
7.408
6.665
5.925
5184
4.444
3.703
2.962
2222
1.481
0.741
0.000
LC@:mambrane sigma yy (Waft) strasses (KN/m) : Average Weighted sigma yy (Weft) stresses :4.027 (KN/m)
LCI - Self weight 1.35 + Wind Y 1.5
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FDM Solver

FDM Solver
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0.050
0.048
0.042
0.039
0.035
0.032
0.028
0.025
0.021
0.018
0.014
0.011
0.007
0.004
0.000

LC10: Node displacements (m)
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LC10 - Self weight 1.35 + Snow 1.5
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Membrane Details and Analysis
FDM Solver

7.523
7.085
6.647
- 6209

5771
5.333

4.457
4.019
3.582
3.144
2.706
2.268
1.830
1.392
LCAC sl {KN/m) : ag dsl :3.839 (KN/m)

1.195
1.110
1.025
- 0.839
0.854
0.768
0.683
0.598
0.512
0.427
0.342
0.256
0171
0.085
0.000
LC10:membrane sll stresses (KN/m) : Average Waighted sll stresses :0.446 (KN/m)

LC10 - Self weight 1.35 + Snow 1.5
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FDM Solver

FDM Solver

4.194

3
<

2.097
1.398
0.699
0.000

2.097
1.398
0.699
0.000

(KNim)

FDM Warp

LC10

(KNim)

FDM axial

LC10

7723

T
6.619

6.068

5.516

4.965
4.413

3.861

3.310

2.758
2.206
1.655
1.103
0.552

0.000

(KNim)

FDM Waft

LC10

LC10 - Self weight 1.35 + Snow 1.5
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Membrane Details and Analysis
FDM Solver FDM Solver

7.395 7.361
6.960 6.748
6526 - 61

. 6.091 - 5.521
5.656 4.907
5221 4.203
4.786 3.680
4.351 3.066
3916 2453
3.482 1.839
3.047 1.225
2812 0.612
2477 -0.002
1.742 -0.615
1.307 -1.229
LC1C Von Mises {KN/m) : Average Weighted Von Mises stresses :3.652 (KN/m) LC10:membrane sigma xx (Warp) (KN/m) : Average Weig sigma xx (Warp) stresses :1.358 (KN/m)
3.015
2799
2.584
" 2.369
2153
1.938
1723
1.507
1.292
1.077
0.861
0.646
0.431
0.215
0.000
LC10:membrane sigma yy (Weft) stresses (KMN/m) : Average Weighted sigma yy (Wefl) stresses :1.344 (KN/m)
LC10 - Self weight 1.35 + Snow 1.5
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FDM Solver

FDM Solver
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LC11:Axial KN

LC11: Node displacements (m)
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LC11 - Self weight 1.35 + Wind X 1.5 + Snow 1.5
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FDM Solver

29.240
27.269
25.298
23.327
21.355
19.384
17.413
15.442
13.471
11.500
9.529
7.557
5.586
3.615
1.644
LC11 sl {KN/m) - ag si :9.698 (KN/m)

8.657
8.039
7.420

6.802
6.184
5.5685
4.947
4.328
3.710
3.092
2473
1.855
1.237
0.618
0.000
LC11:membrane sll stresses (KN/m) : Average Waighted sll stresses :2.511 (KN/m)

LC11 - Self weight 1.35 + Wind X 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis

FDM Solver

FDM Solver

(KNim)

FDM Warp

9.812
8.307
16.9682
5.567
4.152
2.736
1321
9.906
8.491
7.076
5.661
4.245
2.830
1.415
0.000

. - R e R

LC11:membrane FDM axial stresses (KN/m)

(KNim)

FDM Waft

LC11 - Self weight 1.35 + Wind X 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis
FDM Solver FDM Solver

27.336
24.800
22464

23.087 20.028
21.138 17.592
19.188 15.156
17.238 12.720
15.288 10.284
13.338 7.848
11.388 5412
9.438 2.976
7.489 0.540
5.539 -1.896
3.589 -4.332
1.639 -6.768
LCi1 b Von Mises {KNim) : Average Weighted Von Mises stresses :8.942 (KN/m) LC11:membrane sigma xx (Warp) (KN/m) : Average Weig sigma xx (Warp) stresses :3.787 (KN/m)
17.994
16.709
15.424
" 14.138
12.853
11.568
10.282
8.997
7.712
6.426
5141
3.856
251
1.285
0.000
LC11:membrane sigma yy (Weft) stresses (KMN/m) : Average Weighted sigma yy (Wefl) stresses :4.463 (KN/m)
LC11 - Self weight 1.35 + Wind X 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis

FDM Solver

33.963
29.717
25.472
21.227
16.981

FDM Solver
12,736
8.491
4.245
0.000
LC12:Axial KN

0.7486
0.683
0.639
0.586
0.533
0.479
0.426
0.373
0.320
0.266
0.213
0.160
0.107
0.053
0.000

LC12: Node displacements (m)

G e e

S

S
S N TN

Z i
5 3
= 3

LC12 - Self weight 1.35 + Wind Y 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis
FDM Solver

19.629
18.402
17.176
4 15.950
14.724
13.497
12.271
11.045
9.819
8.592
7.366
6.140
4.914
3.687
2.461
LC1 sl {KN/m) : ag sl :8.897 (KN/m)

5.561
5.164
4.767
! 4.370
3.972
3.575
3.178
2.781
2.383
1.986
1.589
1.192
0.784
0.397
0.000
LC1Zmembrane sli stresses (KN/m) : Average Waighted sl stresses :2.376 (KN/m)

LC12 - Self weight 1.35 + Wind Y 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis

FDM Solver

FDM Solver

sR¥852s88850288
R R I T R A i ]
H ' e

gRBdfzsggsgrorsesg
o c I (o < - I i =
| DS

(KNim)

FDM Warp

LC1

(KNJm)

FDM axial

LC1

12.018

11.160
10.301
9.443

. 8585

7.726
6.868
6.009
5.151
4292
3.434
2575

1717

0.858
0.000

(KNim)

FDM Waft

LC1

LC12 - Self weight 1.35 + Wind Y 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis
FDM Solver FDM Solver

19.420 17.698
18.203 16.149
16.987 14.599

15.770 13.050
14,554 11.501
13.338 9.052
12121 8.403
10.905 6.854
9.668 5.304
8472 3.755
7.255 2.206
6.039 - 0.657
4.822 -0.892
3.606 -2.441
2.389 -3.991
LC1 Von Mises {KN/m) : Average Weighted Von Mises stresses :8.124 (KN/m) LC12:membrane sigma xx (Warp) (KN/m) : Average Weig sigma xx (Warp) stresses :3.510 (KN/m)
10.368
9.628
8.887
" 8.146
7.408
6.665
5.925
5184
4.444
3.703
2.962
2222
1.481
0.741
0.000
LC12:membrane sigma yy (Weft) stresses (KMN/m) : Average Weighted sigma yy (Wefl) stresses :4.027 (KN/m)
LC12 - Self weight 1.35 + Wind Y 1.5 + Snow 1.5
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Final Design

Membrane Details and Analysis

- 4 Parts (Half) : 19 pieces
- 8 Parts (Full) : 38 pieces
- Compernsation : 1.3 % (warp, weft)
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Final Design

Membrane Details and Analysis

- Part 1 / Pattern 3 (Example)

- Details
System line
| |
- .
| : : Cutting line ( for Keder) .| |
| ] |
I | |
| | il
Kader | | | |
' Weldingarea ' 4 '
' 40 mm ' | "7
!
\
I
| I
' 1
System line : |
| | |
| @’ | : : 1 Cutting line
| | | |
| I | | l |
f I i | I |
! : : [ ! 1 System line
! ! +——t I |
I I E g I |
' Welding area ' S o ’ |
. 20 mm . N A : i Welding line
\
: |
’ |
| 1 Checking marks
| 5 |
System line : '
| L~ a
| I
| [
- | |
: | Welding line ( for Pocket ) al [
| |
' |
|
' ! | Cutting line
Cable ' Welding area ' | Weldingarea | ! £ e
| 40 mm ' | 40 mm ! § §
! Pocket area !
' 120 mm
Patterning
m
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Final Design
Membrane Details and Analysis

- Pattern Parts

Part 3

Part 2

Part 1

Part 4

Part 1

Part 4

AN

rrrrrr

wwwwww

yyyyyyy

wwwwww

rrrrrrr

rrrrrrr

vvvvvvv

TopTS

TP

Patterning
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Final Design

Structural Details and Calculation

- Cable:

- Cable Length
1

2
3
4

Total :

@16 mm

(x2)
15.27 m
6.72 m
7.68 m
6.86 M

73.06 m

Cable position
13
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Final Design

Structural Details and Calculation

- Corner Plate : S355 Steel / e =8 mm, 4 mm
-Thread: @16 mm

- Tensor : @ 16 mm (2 per corner)

Corner plate position

114
Master Membrane Structure - Thesis (2017) ST N Thirachai Dheravatnvong
Tensile Structure for Children Playground - Astigarraga, Spain C = 4059492



Final Design

Structural Details and Calculation

- Keder: 21.30m
Keder position
115
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Final Design

Structural Details and Calculation

- Corner plate details - Keder on arch details
Keder profile
Membrane _/
" ~—OI0—
] ancl Pk o) T TN
O o
O
© o
o © Q
Ter o
(e}
o Arch
) O
o
B [ T |
Hiaca supenor e=4mm /’
Plaoa |rferior e=8mrr E@ Membrana 0.150 .OAQ

Terminal 16 mm

Corner plate
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Final Design

Structural Details and Calculation

- Corner 1 - Corner 2

0.536

0.150

0.150

0.337

thickness: 4 mm thickness: 8 mm thickness: 4 mm thickness: 8 mm
Corner plate 1 Corner plate 2
17
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Final Design

Structural Details and Calculation

- Corner 3 -Corner4

0.590 0.679

0.060,. 110060

1 e

|
|
R0.430 I
1 L
R0.390 049, 0.04:

0.150

%
75

R0.280:

R0.320

0.433

thickness: 4 mm thicknéss: 8 mm

thickness: 4 mm thickness: 8 mm
Corner plate 3 Corner plate 4 (Arch)
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Final Design

Structural Details and Calculation

- Extra Support Cables: @16 mm

- Cable Length (x 2)

1 13.08 m
2 13.19m
Total : 52.54m
Support Cable
Extre support cable position
119
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Final Design

Structural Details and Calculation

- Extra Support Cable Pockets

13.190

13.080

Extra cable detail

WDy WL W

Extra cable pocket detail

—

Extra cable and Membrane

closing area

—
—— ==

i
SN

—
A

—_—

AN

=

f

1

"

i
|
I
i

———

/

i

===

—
———

<

i
i
i

|
g‘“

\

—

—
—

=

———
—_———

——

N
i

7
i
RPN
N\«XX”’%

\
;§¥E%z.ﬁ
AN
N
WAVAVAMSSS

AVAVASSS

A

Extre support cable position
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Final Design

Structural Details and Calculation

- Pillar : Tubular S275 Steel / 133 mm /e =5 mm

- Arch : Tubular S275 Steel / 152 mm /e =8 mm

Pillar type 1 -2.90 mts

Pillar type 2 - 2.70 mts

Pillar position
121
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Final Design

Structural Details and Calculation
- Pillar Type 2

- Pillar Type 1

wozse

W06z

12

Thirachai Dheravatnvong
4059492
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Final Design

Structural Details and Calculation

4 Unidads 2 Unidads
Pilares 2.20
CHS 133 e=5 mm 119
AEEE
015

Arco central n°-1

CHS 152 e=8 mm ~_
Radio del arco 14.40 m ; S
Longitud del arco 28.39 m

6.45

2.00

l@g

i

0.01

24.01

Conclusioén

CHS 133 e=5 mm
Longitud = 35 m

CHS 152 3=8 mm (Arco)
Longitud =29 m

Structucture quantity
123
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Final Design

Structural Details and Calculation

6.53
6.45
6.37

12.00 12.00

Longitud del arco 5.7 m

6.45

\'°°Q Longitaur;olot; :;!coarcé 28.?9 m
Arch Curvature
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Final Design

Structural Details and Calculation

- Pillar check (vertical bar / inclined bar)

Barra N13/N14
Perfil: CHS 133.0x5.0
Material: Acero (S275)
Nudos Longitud Caraan;rfsticas me::émcm .
Inicial | Final | (m) Area 2 LY If
(em?) (cm4) (ecm4) (cm4)
N13 Ni4 2.900 20.11 412.40 412.40 824.81
“';Inemia respecto al gje indicado
“* Momento de inercia a tarsién uniforme
Pandeo Pandeo lateral
| Plano XY Plano X2 Ala sup. Ala inf.
B 0.70 2.00 0.00 0.00
Le 2.030 5.800 0.000 0.000
C. 1.000 1.000 1,000 1.000
i C, - 1.000
J Notacidn:
[ Coeficiante de pandeo
L. Longitud de pandeo (m)
C.: Coeficiente de momentos
£,: Factor de paca of my crithco
Bama L Eitado
SN S T T T 3 AN S L O T
) ] - i e v et ey e o v ol i e L P o
""‘i"‘;m o e
N Awdeturcis o oo
N Padoteocis &
M Radetencis & Nowite efe ¥
M Mestteress & fenkis ofe =
Vo ST 3 Covte £
¥.: Paststwncis @ covte ¥
s ry z
LA Ir
; Awieteocie o fewile ¢ asd Coovonasts
NN MOSTINeSs & Mankn, &xd y COrtasty covOkanhs
ML RN 3 Dvsie
I(A’ m*: aviarty 7 y svtvmrty fivne coovishars
x M o ovipwn te i h'!'u
§ CoORTTROnn S VD RATVIERD ()
NN romde
ﬁﬂrmql' o prvcwden (M) fam——
'uwnamf’::::mmm
** Mo bey iateocnion For ko tachD, W coramanciie £0 arooeoe.
Barra N12/N14
Perfil: CHS 133.0x5.0
Material: Acero (S275)
Nudos y Caracteristicas mecanicas
Longitud Area 1o ' 1@
Inicial | Final (m) 5 2 ’ :
(em?) | (cm4) (cm4) (cm4)
N12 Nid4 2.943 20.11 412.40 412.40 824.81
MNotas:
" Inercia respecto al afe indicado
~ de inercia a tovsidn unit
Pandeo Pandeo |ateral
- Plano XY Plano XZ Ala sup. Ala inf.
B 0.70 2.00 0.00 0.00
L 2.060 5.886 0.000 0.000
Ca 1.000 1.000 1.000 1.000
C. = 1.000
Notacibn:
A Coeficiente de pandeo
Le: Longitud de pandeo (m)
C.: Coeficiente de momentos
C,: Factor de modificacidn para el momento critico
aars o Extads
kx | I T | M, | Y | Vo [ A T e T T
Nzt O,‘,;,S["',,‘,“.,m],"_":;"l,[;,‘{,"; T ,’;i"‘l ¥ rif":']‘ <ot [upm| 4 ‘Jn_,[ n<al [“‘;",?.w[uv-'[up-' o]
Meacie
T Levtaciia e ses
W Anssreccs & treccalo
J Renscocc s
N.: Aeatercie a Pexko gw ¥
Wyt Rambturcis @ Bacin ape &
W B tid 1 aﬂl Z
's‘f. M'.‘l nmonm Vl A0S batTe I (VIR
i-v L ianted O. wﬂyl‘?' ¥ VYO0 COmae ¥ aneivALe
.'JlJV iu.\.‘lmn’vmm-
M Reancanchs s
L mumn'rmumm
o de:-.::-n'u
o Coufuente v vty %)
WA Ny orxedy
t-“sm.xvmmlﬁ\rﬂ L3
¥ La com MO prevade, 19 O re Aey e de eecin.
:u‘m O DO, 1 O N Ay N-ﬁmm
“:PMIMD“"NWORM Ao ko teen, - A
N IEEASA, a8 y 0O ARy OO oA
'nm; Arawadn t arao i~y A tantg Zracade.

- Arch check

Barra N1/N4

Perfil: CHS 152.0x8.0
Material: Acero (S275)

f: Coeficiente de pandes

L Longitud de pandeo (m)

C.: Coeficiente de momentos

C,: Factor de modificacidn para &f momento critico

Nudos . Caracteristicas mecdnicas
Inicial | Final Lo?g'gud Area L L33 9
m v
e {cm3?) (cmd) (cmd) (cm4)
N1 N4 2.816 36.19 940.97 940.97 1881.94
Notas:
" Inercia respecto al efe indicada
" Momento de inercia a tovsién uniforme
Pandeo Pandeo |ateral
Plano XY Plano XZ Ala sup. Ala inf,
p 4.26 0.00 0.00 0.00
L 12.005 0.000 0.000 0.000
C. 1.000 1.000 1.000 1.000
C, = 1.000
Notacibn:

Barra T

COMPROBACIONES (CTE DB SE-

n [T

[ w 1T v Vo MVs | MV, | UM | MV |

M My

MV,

T = 000| »0m
rama |" S0 lv...o:;

% 0m [Mu=000]x 2B16m |V =000
V406280

x0m
neIBe

h(OllHP"'

NP yedl NP

venl I

o =050 | NP

np~

e
K Mask (09080 # LR
R Eusatinie 8

fozecry

R
= Crefoanis de asmvacsenants (%)
NI e pocate

Susatinie.
PV AP 0 MR £ 1 ARNT0 AV VIR
PV ARacl 8 TR ¥ ¥ (TOTAD Toraw (omivia dis

% pocader (V.

u;moﬁaww e uumunnuv«m
T SOSrAS A () GRXAER, 19 D 0 DY (CPIINS (WE.
7 e conproka e 03 rocete, 12.0% % oy autiarre comvemn

Mo by bmmaidn
La comprate

= No by

atiwzo conbiwaide. dor s mce proade.
Am Qe o gne a Ry e S

Feroves;
Soete s vy G

00\ enele: Sr e
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Final Design

Structural Details and Calculation

- Description of anchor plates for pillars

Dimensiones Placa = 300x300x10 mm ( S275)

Permos =4@16 mm, B 500 S, Ys = 1.15

Escala1:10

B84 - 133 -~ 84 -
»
k) ) o i
] —
3 ( ] g8
1 > —
‘ 9] @) }
. 3
L8 200 .4
300

Espesor placa base: 10 mm

I

Detalle Anclaje Perno

Soldadura
” Placa base
8? T 7 ~ Mortero de nivelacion

Perno: @16 mm, B S00 S, Ys = 1.15

—e0—/ /)  Hormigén: HA-25, Yc=1.5

" Orientar anclaje al centro de la placa

N12, N13

Fecha:22/05/17

Comprobaciones

1) Placa de anclaje

Referencia:

-Pernos: 4@16 mm L=30 cm Patilla a 90 grados
-Disposicion: Posicién X: Centrada Posicion Y: Centrada

-Placa base: Ancho X: 300 mm Ancho Y: 300 mm Espesor: 10 mm

Comprobacion Valores Estado
Separacién minima entre pernos: Minimo: 48 mm
3 didmetros Calculado: 200 mm Cumple
Separacion minima pernos-borde: Minimo: 24 mm
1.5 didmetros Calculado: 50 mm Cumple
Longitud minima del pemo: Minimo: 17 cm
Se calcuia la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigodn:
- Traccién: Maximo: 5.437 t
Calculado: 1.657 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.011 t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 1.673 t Cumple
Traccién en vastago de pernos: Maximo: 8.196 t
Calculado: 1.398 t Cumple
Tensién de Von Mises en vastago de pernos: Maximo: 4854.13 kp/cm?
Calculado: 695.722 kp/cm?2|Cumple
Aplastamiento perno en placa: Maximo: 8.543 t
Limite del cortante en un perno actuando contra la placa Calculado: 0.009 t Cumple
Tensidn de Von Mises en secciones globales: Maximo: 2669.77 kp/cm?
- Derecha: Calculado: 1314.79 kp/cm?2|Cumple
- Izquierda: Calculado: 1552.53 kp/cm?2|Cumple
- Arriba: Calculado: 1346.88 kp/cm?2|Cumple
- Abajo: Calculado: 1765.57 kp/cm?2|Cumple
Flecha global equivalente: .
Limitacién de la deformabilidad de fos vuelos Minimo: 250
- Derecha: Calculado: 730.24 Cumple
- Izquierda: Calculado: 596.521 Cumple
- Arriba: Calculado: 475.506 Cumple
- Abajo: Calculado: 452.265 Cumple
Tensién de Von Mises local: Maximo: 2669.77 kp/cm?2
Tensidn por traccién de pernos sobre placas en voladizo Calculado: 0 kp/cm2 Cumple

Se cumplen todas las comprobaciones

Informacion adicional:
- Relacién rotura pésima secciéon de hormigon: 0.0393
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Final Design

Structural Details and Calculation

- Description of anchor plates for arch

Dimensiones Placa = 400x400x10 mm ( S275)
Pemos =4@16 mm, B 500 S, Ys = 1.15
Escala 1: 10

Detalle Anclaje Perno

Soldadura
Placa base

Mortero de nivelacion

124 152 124 -
B |
2 Q o {
818 e
P 8; ‘]
: (S gs
3 o o |
B
LS 300 T_A
400

Perno;: @16 mm, B 500 8, Ys = 1.15

Hormigén: HA-25, Yc=1.6

Orientar anclaje al centro de la placa

N1, N2

Fecha:22/05/17

Comprobaciones

1) Placa de anclaje

Referencia:

-Placa base: Ancho X: 400 mm Ancho Y: 400 mm Espesor: 10 mm
-Pernos: 4@16 mm L=30 cm Patilla a 90 grados

-Disposicién: Posicion X: Centrada Posicion Y: Centrada
-Rigidizadores: Paralelos X: - Paralelos Y: 1(110x0x10.0)

Comprobacién Valores Estado
Separacion minima entre pernos: Minimo: 48 mm
3 didmetros Calculado: 299 mm Cumple
Separacion minima pernos-borde: Minimo: 24 mm
1.5 didmetros Calculado: 51 mm Cumple
Esbeltez de rigidizadores: Maximo: 50
- Paralelos a Y: Calculado: 28.7 Cumple
Longitud minima del pemo: Minimo: 17 cm
Se calcula la longitud de anclaje necesaria por adherencia. Calculado: 30 cm Cumple
Anclaje perno en hormigon:
- Traccién: Maximo: 5.437 t
Calculado: 3.241 t Cumple
- Cortante: Maximo: 3.806 t
Calculado: 0.358 t Cumple
- Traccién + Cortante: Maximo: 5.437 t
Calculado: 3.753 t Cumple
Traccién en vastago de pernos: Maximo: 8.196 t
Calculado: 2.729 t Cumple
Tension de Von Mises en vastago de pernos: Méaximo: 4854.13 kp/cm?2
Calculado: 1388.26 kp/cm?2|Cumple
Aplastamiento perno en placa: Méximo: 8.543 t
Limite del cortante en un perno actuando contra la placa Calculado: 0.302 t Cumple
Tension de Von Mises en secciones globales: Maximo: 2669.77 kp/cm?2
- Derecha: Calculado: 781.542 kp/cm2|Cumple
- Izquierda: Calculado: 781.542 kp/cm?2|Cumple
- Arriba: Calculado: 984.862 kp/cm?2|Cumple
- Abajo: Calculado: 2478.25 kp/cm?2|Cumple
Flecha global equivalente: ;
Limitacién de la deformabilidad de los vueios Minimo: 250
- Derecha: Calculado: 10995.4 Cumple
- Izquierda: Calculado: 10995.4 Cumple
- Arriba: Calculado: 7519.41 Cumple
- Abajo: Calculado: 2773.45 Cumple
Tension de Von Mises local: Maximo: 2669.77 kp/cm?2
Tensién por traccién de pernos sobre placas en voladizo Calculado: 0 kp /cm2 Cumple

Se cumplen todas las comprobaciones

Informacién adicional:

- Relacion rotura pésima secciéon de hormigon: 0.112
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Final Design

Structural Details and Calculation
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Foundation details
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Final Design

Perspective
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Building Cost
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Building Cost

Cost sheet
PVC € 5.538,46 MANUFACTURING COST € 4.040,00
KEDER € 87,36 MEMBRANE COST (2 person, 8 days) € 1.280,00
PATTERNING PRINTING € 2.097,00 STRUCTURE COST (2 person, 6 days) € 960,00
CORNER PLATES € 208,80 designing and engineering € 1.800,00
CABLES € 4.738,37
INSTALLATION COST € 9.771,47
TRANSPORTATION OF MATERIAL € 940,00 transportation
accomodation, meals and workers, 8 days € 6.912,00
SUBTOTAL MEMBRANE € 13.609,99 Crane € 2.859,47
STEEEL € 2.021,48
GALVANIZED TREATMENT € 670,80 TOTAL COST € 31.966,40
PLATES FOR FOUNDATIONS € 162,26
ALUMINIUM KEDER € 156,80
TRANSPORTATION OF MATERIALS € 408,00
SUBTOTAL STRUCTURE € 3.419,34
HARDWARE € 1.125,60
cable accesories, welding materials, etc
TOTAL MATERIALS € 18.154,93
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Project Flowchart
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Project Flowchart

Day by day flowchart

Duration February March April
Task Name Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun
(days) 27 28 1 2 3 4/5 6 7 8 9 10 11/12 13 14 15 16 17 18/19 20 21 22 23 24 25/26 27 28 29 30 31 1/2
1 Preliminary Work
Client Discussion 4
Preliminary Design 13
Client Decided 1
2 Design Process
Pre - dimensioning
Form finding

Structural analysis
Structural detailing
Foundation design
Patterning

3 Final Design

Final computational model
Final structural analysis
Final drawing

4 Fabrication
Procurement
Foundation

Steel fabrication
Membrane fabrication
5 Installation
Transportation
Scaffolding

Structural erection
Membrane erection
Tensioning

Paint touch - up
Fabric cleaning

Site cleaning

Duration April May
Task Name Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun
(days) 3 4 5 6 7 8/9 10 11 12 13 14 15/16 17 18 19 20 21 22/23 24 25 26 27 28 29/30 1 2 3 4 5 6/7

1 Preliminary Work
Client Discussion
Preliminary Design 3
Client Decided

2 Design Process

Pre - dimensioning

Form finding

Structural analysis
Structural detailing
Foundation design
Patterning

3 Final Design

Final computational model
Final structural analysis
Final drawing

4 Fabrication

Procurement

Foundation 8
Steel fabrication
Membrane fabrication
5 Installation
Transportation
Scaffolding

Structural erection
Membrane erection
Tensioning

Paint touch - up
Fabric cleaning

Site cleaning

Total 3 [N N (e |

N

Nl |n|n|w

(21 Workdays )
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Project Flowchart

Day by day flowchart

Task Name

Duration

May

Mon Tue

Wed Thu

Fri

Sat/Sun

Mon Tue Wed

Thu Fri

Sat/Sun

Mon

Wed

Thu

Fri

Sat/Sun

Wed

Thu

Fri

Sat/Sun

Wed

Thu

Fri

Sat/Sun

(days)

10 11

12

13/14

15 16 17

18 19

20/21

22

23

24

25

26

27/28

29

30

31

3/4

10/11

Preliminary Work

Client Discussion

Preliminary Design

Client Decided

Design Process

Pre - dimensioning

Form finding

Structural analysis

Structural detailing

Foundation design

Patterning

Final Design

Final computational model

Final structural analysis

Final drawing

Fabrication

Procurement

Foundation

Steel fabrication

15

Membrane fabrication

Installation

Transportation

Scaffolding

Structural erection

Membrane erection

Tensioning

Nlwlw|=L|N

Paint touch - up

Fabric cleaning

Site cleaning

Total

43

Task Name

Duration

June

July

Mon Tue

Wed Thu

Fri

Sat/Sun

Mon Tue Wed

Thu Fri

Sat/Sun

Mon

Tue

Wed

Thu

Fri

Sat/Sun

Mon

Tue

Wed

Thu

Fri

Sat/Sun

Tue

Wed

Thu

Fri

Sat/Sun

(days)

12 13

14 15

16

17/18

19 20 21

22 23

24/25

26

27

28

29

30

1/2

8/9

10

11

12

13

14

15/16

Preliminary Work

Client Discussion

Preliminary Design

Client Decided

Design Process

Pre - dimensioning

Form finding

Structural analysis

Structural detailing

Foundation design

Patterning

Final Design

Final computational model

Final structural analysis

Final drawing

Fabrication

Procurement

Foundation

Steel fabrication

Membrane fabrication

Installation

( Playground Insta

llation )

Transportation

Scaffolding

Structural erection

Membrane erection

Tensioning

Paint touch - up

Fabric cleaning

Site cleaning

Total

OININININ

(3 Workdays )

I [

Grand Total

107

[

(63 Workdays ) I
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Project Flowchart

Responsibilities

SS

Entry

Client discussion

Site inspection

Preliminary design

Client decided and contract

[HRN [N (YR [FERN

PM

SS

Design

Form finding

Structural analysis

Structural detailing

Patterning

Shop drawing

NIRIN|PR|~|O

PM

SS

Fabricarion

Foundations

Membrane Fabrication

Steel Fabrication

Cable Fabrication

Packing

[E = Y ')

MR INININIO

PM

Installation

Transportation and unpacking

Scaffolding

Steel erection

Membrane erection

Tensioning

Repairing defects an fabric cleaning

Nfwlwlwlw|lw|O

Site cleaning

[HINY QYUY IR [ [JEN

RlRr|Rr|R|Rr|[R]|~

Legend

PM

v O

SS

Number

Project manager

Designer (Architect, Engineer)
Supplier (Fabric, Steel, Cable)
Construction contractor

Site supervision

Workers

135

Master Membrane Structure - Thesis (2017)
Tensile Structure for Children Playground - Astigarraga, Spain

=

Thirachai Dheravatnvong
4059492



Erection Process
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Erection Process

Erection Phases - Structure Parts

1 - Foundations / Base Plates 2 - Pillars 3-Arch

4 - Support cables 5 - Membrane (1st side) 6 - Membrane (both sides)
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Erection Process

Erection Phases - Construction

1 - Pillar erection 2 3 - Arch assemble

T

Ve N
4 5 - Arch erection 6 - First membrane installation
7 - Second membrane installation 8 - Membrane tensioning 9 - Finished
<&
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Erection Process

Tools and Machinery

)/

Genie GS-4069RT

Folk lift Car lift

Driller Driller Hand circular saw Welding

Belt Wire extension Hot air blower pvc fabric welding machine
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Erection Process

Site Preparation

Foundation
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Erection Process

Site Preparation

Base plate (pre)
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Erection Process

Structure Fabrication

Corner plate Cleat
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Erection Process

Structure Fabrication
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Column Arch - joint
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Erection Process

Structure Fabrication

Arch pre - assemble testing
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Erection Process

Membrane Fabrication

Pattern cutting
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Erection Process

Membrane Fabrication

Membrane welding and pocket fabrication
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Erection Process

Membrane Fabrication

Packing and transportation
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Erection Process

Installation

ALWACEN M-

Site Material preparation
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Erection Process

Installation

Base plate replace Pillars installation
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Erection Process

Installation

Arch assemble
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Erection Process

Installation

Vertical check Welding
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Erection Process

Installation

Tt ]

S

ettt f

Ring and Keder attachment

152

Thirachai Dheravatnvong

Master Membrane Structure - Thesis (2017) ST N
s 4059492

Tensile Structure for Children Playground - Astigarraga, Spain C



Erection Process

Installation

Arch
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Erection Process

Installation

Arch reinforce cables
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Erection Process

Installation

Clean the area for unfold membrane Membrane unfold
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Erection Process

Installation

Attach corner plates to membrane
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Erection Process

Installation

Put cable into membrane pocket Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

Membrane installation

159
Master Membrane Structure - Thesis (2017) ST Thirachai Dheravatnvong
Tensile Structure for Children Playground - Astigarraga, Spain C s e, 4059492



Erection Process

Installation

r ——

r

- I ¥
i _+._. - '-.

-

Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

""

Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

Membrane installation
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Erection Process

Installation

P i

s 2

Water testing Membrane installation
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Erection Process

Installation

Playground Installation
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Erection Process

Installation

55 1 SRS RLl.

a e L U] egz i
- S o

Finished
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Reference Information
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Reference Information

Membrane: Mehler VALMEX FR 1000 MEHATOP F, Type Il (PVC) - PVDF Coated

P
MEHGIES

MEHLER®OTEXNOLOGIES

W

Hoja Caracteristicas Tecnicas no.: 1012.9

Producto VALMEX® FR 1000 MEHATORP F1 - type I
Articulo no.: 7269 5246

clase de recubrimiento y acabado

Clase de recubrimiento PVC
Acabado Barniz PVDF multi-compuesto en ambas caras, cara exterior capa "primer” de dioxido de titanio (TiO2),
micr ida, protegido contra los rayos UV, baja capilaridad (low-wick)
Comportamiento a la llama BS 7837, California T 19, DIN 4102: B1, CAN ULC $109, EN 13501-1: B-s2-d0, D.M. 26.06.84 (UNI 9177): CL. 2
ir a comportamiento a la llama Comprobar siempre la actualidad del certificado FR (ignifugo)
Peso total 1050 g/m? EN ISO 2286-2
Resistencia rotura cadena/trama 6000 /5500 N/SOmm ENISO 1421/V1
Resist. al desgarro 900/800 N DIN 53363
urdimbre/trama
Adherencia 25 Nem PA 09.03 (intern)
Resistencia al frio. 40 °C EN 1876-1
Resistencia al calor +70 °C PA 07.04 (intern)
Solidez a la luz >6 Note, ENISO 105 B02
Value
Resistencia al pandeo sin roturas 100000 x DIN 53359 A
tejido base
Material PES Low Wick DIN EN 1SO 2076
Hilo 1670 dtex DIN EN ISO 2060
tejido P22
Observaciones apto para soldar s/metédos habituales sin ti previo, todos los datos tecnicos asi como TiO2

se refieren al color "blanco

Los datos tecnicos son valores aproximados, obtenidos a base de valores medios. Por razones técnicas puede haber ligeras variaciones durante
la fabricacion . Estas indicaciones corresponden a los conocimientos técnicos actuales y dan informacion sobre nuestros productos, sin
vinculacién juridica. Estos datos son vallidos para productos de nueva fabricacion.

E Progress through performance QM-071/3-08/00 VL/LB:
A Low&Bonar solution EA/007-06/98 Fecha 24.05.2017
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Membrane:

Reference Information

VALMEX" MEHATOP F

Mehler Texnologies' membrane VALMEX® MEHATOP F is a multi-layer
composite material with special densely woven low-wick yarns in the
base fabric. The surface lacquering, that includes PVDF lacquer
(MEHATOP F) developed by Mehler Texnologies, finishes the material
with a double top coat that has a protective and refining effect.

top coat
primer

main coat
adhesion layer
base fabric
adhesion layer

“—_ main coat

a G
\ primer
\ top coat

~

Schematic sectional drawing of
VALMEX" MEHATOP F

The advantages of VALMEX® MEHATOP F:

/ﬂractive widths
<((( ))>> == fewer seams
== lower manufacturing costs

VARIO-STRETCH:

,b&Q less stretch
$ in warp direction
than

in weft direction

W == lighter equipment
eft == shorter assembly times

== lower erecting costs

very flexible * easier handling

high strength == higher safety
lacquered both sides ==l more durable

high gloss * attractive appearance

no need to grind == directly weldable

Fabrics are certified by:

5 P\_‘{
u.-.-..-_.g_-»rm “0“\0“5
ade ﬁ%;j:jc:ji- MEHLER
Germany g eco-care

Mehler Texnologies - around the world

Germany

Czech Republic

France

™[]
N

United Kingdom

Italy

Latvia

Poland

Mehler VALMEX FR 1000 MEHATOP F, Type Il (PVC) - PVDF Coated

Manufacturing and sales

Mehler Texnologies GmbH
Rheinstrasse 11

D-41836 Hiickelhoven
info@mehler-texnologies.com

Mehler Texnologies GmbH
Edelzeller Strasse 44

D-36043 Fulda
info@mehler-texnologies.com

Mehler Texnologies s.r.o.

Karla Capka 1085

CZ-512 51 Lomnice nad Popelkou
info@mehler-texnologies.cz

Sales companies and Sales offices

Mehler Texnologies SARL

Bat. A1

3 chemin des Cytises

F-69340 Francheville
info-fr@mehler-texnologies.com

Mehler Texnologies Ltd.

Office 008, The Business Centre,
Futures Park, Bacup,

Rossendale, OL13 0BB
info-uk@mehler-texnologies.com

Mehler Texnologies S.p.A.

Via Enrico Fermi 52

1-20019 Settimo Milanese
info-it@mehler-texnologies.com

Mehler Texnologies SIA
Maskavas iela 418

LV-1063 Riga
info@mehler-texnologies.lv

Mehler Texnologies Sp. z o0.0.
ul. Mikotajczyka 31a

PL-41-200 Sosnowiec
info-pl@mehler-texnologies.com

Romania

Turkey

SC Mehler Texnologies S.R.L.
Str. Linia de Centura Nr.2, D2

R0-077175 Stefanesti de Jos (Judetul IIfov)

office@mehler-texnologies.ro

Mehler Texnologies Ltd. Sti.
Bagcilar, Giingdren Sanayi Sitesi
Ikitelli Organize Sanayi

18'ci Blok - No. 25-27-29
Kiiclikcekmece, TR-Istanbul
info-tr@mehler-texnologies.com

Mehler Texnologies, Inc.
220 B Cabell Street
Martinsville, VA 24112
Ivia@mehlertex.com

Mehler Texnologies Middle East
Dubai Airport Free Zone

P.0.Box 293634

Dubai-UAE
n.benfrej@mehler-texnologies.com

Mehler Texnologies India

Plot No. 52, Udyog Vihar Phase - VI,

Sector 37, Gurgaon - 122001
India
info@mehler.in

Mehler Texnologies Russia
info@mehler-texnologies.com

EUSOURCE INTERNATIONAL
Guangzhou Office

R.806 Goayage

Tianyu Garden

152 Linhe Zhong Road
Guangzhou 510610
brigittehuang@googlemail.com

N\
MEHLER

TEXeNOLOGIES

—

www.mehler-texnologies.com

V314/08/2011

N\
MEHLER

TEXeNOLOGIES
\
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Reference Information

Mehler VALMEX FR 1000 MEHATOP F, Type Il (PVC) - PVDF Coated

Membrane:
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VALMEX® FR MEHATOP F, highly translucent

VALMEX" FR 700 MEHATOP F, Type |
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VALMEX" FR 1400 MEHATOP F, Type IV
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metallic bronce

951

metallic silver

911

952 metallic gold

VALMEX® FR 1600 MEHATOP F, Type V
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Reference Information

Membrane: Mehler VALMEX FR 1000 MEHATOP F, Type Il (PVC) - PVDF Coated

VALMEX’ FR 1000 MEHATOP F Type Il

VALMEX"  FR 1000 Type Iil

1269

Finish PVDF-lacguer on both sides, protected
against microbal and fungal attack,
UV-protected, low-wick

Total weight 1050 g/m?

Tensile strength  Warp/Weft

kNJm 120/110

N/50 mm 6000/5500  DIN EN 1SO 1421/\V1

Tear strength Warp/Weft  900/800 N DIN 53363

Flame retardancy BS 7837; California T 19; DIN 4102: B1

Muost common width 250 em

Welding weldable without grinding and with

common welding equipment

Higher strengths on request, program changes reserved.

All technical data stated are based on laboratory tests st average results and are provided as
a source of informatian and do not constitute a waranty. Applications suggested here do not
release customer to test material for its intended application. Colours are subject to slight
varigtions. Always check the validity of fire certificate. VALMEX® is recyclable.

Manufactured by quality standards DIN EN IS0 8001,

The advantages of VALMEX" MEHATOP F:

Yy
/ / Attractive widths
//
wal- fewer seams

(((‘ J))) s lower manufacturing costs

BI-STRETCH:

less stretch

in warp direction

than

in weft direction
=i lighter equipment

sl shorter assembly times
sl lower erecting costs

very flexible sl easier handling

high strength == higher safety
lacquered both sides =i more durable

==l attractive appearance
sy directly weldable

high gloss
no need to grind

Fabrics are certified by:
—— - i
D I B wow |'1|
P \ Tl Gy
WX < 3 |BTTG sERVICES .
~=(] il = I‘\.w_n:ﬁru

)
MEHLER

TEXeNOLOGIES
g

www.mehler-texnologies.com

VALMEX" MEHATOP F

Mehler Texnologies is a company with most experience in PVC
coating. First membrane structure materials have been produced in
the early sixties. Because of the various range of fabrics for other
applications like tarpaulins, tents, sun protection, environment and
industry Mehler Texnologies has a great know-how and is able to
manufacture fabrics of highest quality.

Mehler Texnologies' membrane VALMEX" MEHATOP F is a multi-
layer composite material with special densely woven low-wick
yarns in the base fabric. Several coatings (adhesion, main coat,
primer) give necessary tightness and flexibility. The surface lacquer-
ing, that includes PVDF lacquer (MEHATOP F) developed by Mehler
Texnologies, finishes the material with a double top coat that has a
pratective and refining effect. That is why VALMEX" MEHATOP F
membranes maintain their unique appearance long term, even
under extreme climatic conditions.

Schematic sectional drawing of
VALMEX" MEHATOP F

MEHATOP F is applied to both sides of the membrane. Because
of its special components it is directly weldable and needs no
grinding. This ensures welding of exact seams, reduces invasion
of fungus and micro-organisms into the membrane and is good
surface barrier as sealants against plasticiser migration.

Base fabric of VALMEX® MEHATOP F is a double threads fabric,
commonly described as "Panama” weave. It makes membranes
stronger for tension and increases resistance. The material is
"prestressed”, warp direction has less stretch and weft direction
has more stretch than comparable fabrics. This leads to an extra-
ordinary flexibility of the textile and enables constructors to
erect a structure in a very short time — nowadays an inestimeably
economical advantage.

Mehier Texnalogies runs biaxial tests at the laboratories of the
University of Essen. Essen University runs the tests according to a
standardized procedure, known as MSAJ/M-02-1995. These results
are provided free of charge and gives the engineer workable
figures on hand. If the engineer needs results under other testing
conditions, Mehler Texnologies does arrange tests at the University
of Essen and | or at laboratory BLUM.

The average time of membrane structures in use is approx. 10
years. As Mehler Texnologies is committed to its customers the
Mehler Texnologies warranty covers this period.
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