


Mercado del Vidrio Estructural

B Vidrio estructural (Structurally Glazed)
B Carga estructural soportada (Structural Load Bearing)




Mercado del Vidrio Estructural cont...

e Vidrio estructural
= Tradicional
= Vidrio contenido

= Productos en uso
 Vidrios templados
 Vidrios laminados
- DVH




Mercado del Vidrio Estructural cont...

B Carga estructural soportada

e Vidrio como elemento estructural
= Aletas
= Pisos
= Escaleras
= Toldos & techos
= Sistemas de acristalamiento fijo (agujeros)
= Juntas de acristalamiento (gasket glazing)



Donde esta el vidrio estructural?

B Global
e Proyectos de referencia
e Proyectos arquitectonicos con “firma”
e Clientes Grandes e pequefos participan

Por que vidrios estructurales?

B Tendencia de disefo
B Psicoldgico — abertura
B Medio ambiente — luz del dia

B Belleza




Normas de desempeino para vidrio

B Depende de cada pais (paises que normalmente utilizan)
e Australia, Europa, Alemania e EE.UU.

B Normas internacionales

e ASTM C158 Standard Test Method for Strength of Glass by Flexure (Determination of
Modulus of Rupture)

e ASTM E997 Standard Test Method for Structural Performance of Glass in Exterior

Windows, Curtain Walls, and Doors Under the Influence of Uniform Static Loads by
Destructive Methods

e ASTM E998 - Standard Test Method for Structural Performance of Glass in Windows,
Curtain Walls, and Doors Under the Influence of Uniform Static Loads by
Nondestructive Method

) ASTlg/I E1300-9a Standard Practice for Determining Load Resistance of Glass in
Buildings




Equivalencia para la pelicula de (PVB)

regular

B Aplicacion de los graficos de
la fuerza del vidrio (ASTM E
1300)

B Medicion de las propiedades
de la pelicula
e ASTM D 4065

e Modulo de cizalla (Shear storage
modulus):

G’ 20.4 MPa (58 psi)
e Modulo de Young (elasticidad):
E 21.5 MPa (218 psi)

Shear Storage (Elastic) Modulus — G’ (Pascals)

Shear Storage Modulus (G') as a Function of Temperature @ 1 Hz
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Shear Stress vs. Tiempo e Temperatura

Shear Modulus Data — Saflex® DG
Datos de Shear modulus expresos en MegaPascals (MPa)

0 682.00 | 624.00 | 512.00 | 306.00 | 135.00 23.30 4.22
10 528.00 | 500.00 | 329.00 | 122.00 | 24.50 2.00 0.86
20 352.00 | 309.00 | 147.00 | 19.30 1.95 0.74 0.60
30 80.90 49.10 6.44 0.85 0.61 0.43 0.28
40 2.02 1.31 0.70 0.49 0.29 0.00 0.00
50 0.77 0.66 0.53 0.28 0.00 0.00 0.00
60 0.60 0.54 0.36 0.00 0.00 0.00 0.00

0.27 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00




Modulo de Young vs. Tiempo e Temperatura

Datos* del Modulo de Young - Saflex® DG
Datos del Modulo de Young expresos en MegaPascals (MPa)

0 2013.26 | 1842.05 | 1511.42 | 903.31 | 398.52 68.78 12.46
10 1558.66 | 1476.00 | 971.21 |360.14 | 72.32 5.90 2.53
20 1039.10 | 912.17 | 433.94 | 56.97 5.76 2.18 1.78
30 238.82 | 144.94 19.01 2.52 1.81 1.26 0.81
40 5.96 3.87 2.07 1.44 0.86 0.00 0.00
50 2.27 1.95 1.56 0.81 0.00 0.00 0.00
60 1.76 1.59 1.05 0.00 0.00 0.00 0.00
70 1.55 1.37 0.81 0.00 0.00 0.00 0.00
80 1.32 1.10 0.00 0.00 0.00 0.00 0.00

lado utilizando la formula E=2G(1+Vv) donde v= Coef. de Poisson de 0.476



Calculo del stress en los vidrios

B Graficos para las peliculas especiales (PVB Estructural
SaﬂeX® DG) Long Dimension (in.)

0 =0 100 150 200
140 Laminated Glass 8.76 mm Saflex® DG _“,_M
r Nonfactored Load 075 =
- Four Sides Simply Supported /‘\""ﬂ.
120 | P, = 0.008 \o \\ 3000
_ [1kPa=209 psf | d\ & =
£ 100 EH—Secnnd Diuration sz g =
|'_|'.| - -—
c B0 p 200 2000 2
L ak}
g ] "] o E
g 60 | 1.00 ] - )
E 4.0 - s
w : 5.00 in
40 - -5 1000
100
| 15]
20 - - —
| [ ] :
2000 3000 4000 5000

Long Dimension (mmj}

EASTMAN




Calculo del stress en los vidrios cont...

BCalculo para el espesor equivalente

. — 2 2
n h3e . Where: 1, = hh2, +hh2,
)
1.efc = h 2 h b
+ s
1 I s2 hg 3=
hf+h2
3 h8h2
h d hs;2 =
h ef W hth,
2:efo=
h1+21“hs;.| h.=0.5(h, +h,)+h,
l_,_ 1
T 149,64

h, thickness glass 1 ¢
h, thickness glass 2
hi the ith glass ply thickness
T dimensionless shear transfer coefficient (interlayer contribution)
hs;j scaled thickness for opposite glass ply
E glass E modulus at 71.1 Gpa
h, interlayer thickness
G interlayer shear modulus
o shortest bending direction

Desempefio de la estructura del
vidrio laminado

= Minimo espesor de los vidrios

= Shear modulus para laminados

Usado para modelaje

“El laminado actua como

vidrio crudo monolitico
bajo unacargade
_____duracion con de
temperatura.”

Stress en los vidrios utilizado
para determinar el espesor
equivalente para comparacion.



Espesor efectivo en uso

B Uso para peliculas que tienen una contribucion
estructural

B Permite el uso completo de la contribucion de la
pelicula de PVB
e Pafnos mas grandes con el mismo espesor
e Vidrios mas delgados para el mismo tamano
e Dependiente del tiempo e temperatura
o

Seleccionar la temperatura “real” durante el tiempo
de carga maxima

e Maxima temperatura raramente ocurre en la
méX| ma preSIGn (VlentO) 5.5 meter drop height — 10.76 Saflex DG

B NO lleva en consideracion el desempefio para
Impacto o rotura post impacto

e Desempefio de impacto

e Contencion de fragmentos de vidrio
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Estudio de CaStF
Espesor Efectivo




Prueba inicial — Balcones; Laminado Delgado

Apoyado solamente en un lado
965 mm x 1930 mm

Lado no apoyado 965 mm
Marco de apoyo con presion

Configuracion
e 3 mm termo endurecido
e 1.52 mm Saflex® DG
e 3 mm termo endurecido

B Lados 1 e 2 rotos

B Carga después de la rotura
(113 kQ)

B [Laminado permanece de pie

EASTMAN




Calculo del proyecto

B Parametros:
Tipo :Apoyado en un lado

Temp: 30°C

Tiempo: 3 seg
Configuracion simétrica
Stress: < 20 MPa

Carga: Uniforme 1800 Pa; Linear: 100 N/m

B Configuracion del Vidrio Tentativa 1: 8 mm FT + 1.52 interlayer + 8 mm

FT

Saflex® R series 33 22.2
Saflex® DG 19 7.5
lonomer 19 7.2




Calculo del proyecto cont...

dUso de un vidrio mas delgado para los mismos parametros

B Configuracion con PVB regular B Gafo con espesor efectivo

cumple los requisitos: usando una pelicula que
e 12 mm FT + Pelicula 1.52 mm contribuya
+12 mm FT e 8 mm REDUCCION en Espesor
B Stress: 14 MPa; Deflexion: 6.5 e REDUCCION de 20 kg/sgm en
mm peso




Calculo del proyecto cont...

dMismo espesor de vidrio — 12 mm FT +1.52 interlayer + 12 mm FT

B Configuracion padron B Espes. Efectivo + Pelicula Contrib.
e 914 mm x 1930 mm e 1092 mm x 1930 mm
e Baranda MAS ALTA en 178 mm




Prueba de confirmacion — Apoyo en un lado
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Saflex® DG laminado roto apoyado en un lado
dos lados rotos, 16 hrs
Vidrio templado 17.52mm

EASTMAN



Post rotura — Carga Horizontal

-

g | I H

Construccion: Dos vidrios rotos con carga
8 mm FT — 1.52 mm Saflex® DG — 8 mm FT
Carga: 490 N



36inX60in -- DG 60g -- 2X08mm FT Load Test.mp4

B Software de propiedad de Eastman

B Desarrollado con expertos de la industria

B Calculo del stress y deflexion del vidrio

B Apoya la introduccion del Saflex® DG

B Interface para el usuario simplificada

B Disponible en el sitio www.saflex.com

B Se puede imprimir el archivo con los resultados



http://www.saflex.com/

Structural Glass Ealculator

Programa Estructural

Laminated Glass Stress and Deflection Estimator

Project Name:*

Project Location:

System of Units

Cranging Lt SE/OCTION Wi FESTI I FESEEEING W AXES

Support Conditions

of Stmpty Edges: |4 |w

Rectangular Dimensions

Short: ° mm
Long: ° mm

Temperature and Loading

Distributed Load:

Load Type: ;rwm
s
Load Duration: W 3

©

Temparatura: W

Four-side support

Glass Type
= =l

Laminate Construction

Giass Pry 11 :3 B_-
|Sstex® R seres [[erez =] -~
Glass Piy 20 [> [&leam



Pantalla de Resultados

‘..chy

Distributated Load:

QIY\,

Laminated Load Data

Load Ty
Distributated Load:

Load Deurathon:

Linkonm
1500 Pa

3 g=C

Stress and Deflection Data

Laminats Stress:
Laminate DaTkection:

Effective Thickness Data

Strecs:
D= Tlkection:

13.5 Hfa
11.58 mam

11.32 mim
10. 37 mum
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Laminated Glass Load Resistance Report

. F O rl I l ato F D F Project Details Report Details
Project Name: Sydney Opera House System of Units: Metric

Location: New South Wales, Australia Date: January 15, 2012
Requested by: Australian Government Prepared by: J. Schimmelpenningh

. T O d O S I O S d ato S Laminated Glass Configuration T

Type
Glass 1: Heat Strengthened

- - - Interlayer: Saflex® DG 152
Incluidos del usuario s et
Laminate Rectangular Dimensions Laminate Load Data
Long/unsupported length: 1930 Load type: Uniform
. T O d O S I O S r e S u | t ad O S Short/supported length: 864 Load duration: 3 sec
Glazing Information Stress and Deflection Data
Temperature at design load: 30°C Laminate stress:
- - Edge supports: 3 Laminate deflection:
. D I S C I al m e r Glazing angle (degrees): 90 Effective Thickness Data
Overall nominal Thickness: 13.52 Stress:
Laminate weight per unit area: 30.4 kg/sqgm Deflection:

Laminate weight per dimensions: XX kg

Disclaimer

This software can be used to caculate lood resistonces of specified gloss types exoosad to uniform lateral end combined
paint and uniforn loods of short or lang durotion subject fo fhe following conditions:

1. The dlass is free of edge ond surface camage and hes been properly glczed in the opening in conformance with the
manufacturer's recommendationrs;

2. Gloss wes designed using the propsr procadure for the gplication including but not limifed fo edge suppert,
temperature, load type ond duration.

3. The stiffness of memibers supporting ony alass eckae shdl be sufficient that uncer desian load, edge deflections shall
not exceed /175, where L denotes that lengih of the supported edge.

4, Tha non-factorad lood values for laminated glass are represeniotfive of test dota ond calculations performed for
palyvinyl butyral interloyer ot o temparciure of 50°C (122°F)

Nofice: Allhough the information and/or recommendahons as may be set forth herein (herecfler Information”| are
presented in good faith and believed to be corect at the date hereof, Solutia Inc. and ifs affliates (hersinafter "Solufid]
mcke no reprasentafions or warontiss as to the comoleteness or accuracy thereof. Informartion is supplied upon the
candifion that the persons receiving same will make their own determination os fo is suitckility for feir purposes pror fo
wse. h no eventwill Solutic be resporstie for domages of any noture whakoever resulfing from the use of or reliocnce
upon Information or the procuct to which Informafion refers. Nothing contcined herein & fo be corsfued os a
recommendation o use any procuct, process, equipment or formulation in conflict with any patent, and Solutio mckes
no representation or warranty, express or implied, hot the use thereof will not infinge any patent. NO REPRESENTATIONS
OR WARRANTIES, EITHER EXPRESS OR IMPLIED, OF MERCHANTABILTY, FITMESS FOR A PARTICULAR PURPOSE OR ANY OTHER
NATURE ARE MADE HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.

©2012 Solutia Inc., St Louis, Missouri, U.S A. All rights reserved. SOLUTIA and Radiance Logo ™, Saflex® and Vanceva® are

trademarks of Solutia Inc. As used herein, ® denotes registered trademark status in the U.S. o!z.
730 Worcester Street, Springfield, MA 01151 10of1

JCSCHI@Solutia.com (E) sa'"ex>
X/




Conclusiones

Hay varios métodos para determinar la aceptabilidad estructural del vidrio
Varian por todo el mundo
El espesor efectivo utiliza la contribucion total del las peliculas

La metodologia del espesor efectivo provee un valor equivalente al espesor
monolitico basado en las propiedades de la pelicula, tamafo del vidrio,
espesor y carga

Programas de calculo estan disponibles para calcular rapidamente el stress
en el vidrio sin la necesidad de utilizar el analisis de elementos finitos

Reduccion del espesor del laminado o aumento en el tamafio del laminado
es posible con la utilizacion de PVBs estructurales



Comentarios & Preguntas ?

.y



Daniel P. DA(')mingos ‘

Marketing & /hhical' rVIve Manager
Eastman Chemical Company 3>/

dpdom|@e‘astman com
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Notice: Although the information and/or recommendations as may be set forth herein (hereafter “Information”) are presented in
good faith and believed to be correct at the date hereof, Eastman Chemical Company and its affiliates (hereinafter "Eastman")
make no representations or warranties as to the completeness or accuracy thereof. Information is supplied upon the condition that
the persons receiving same will make their own determination as to its suitability for their purposes prior to use. In no event will
Eastman be responsible for damages of any nature whatsoever resulting from the use of or reliance upon Information or the product
to which Information refers. Nothing contained herein is to be construed as a recommendation to use any product, process,
equipment or formulation in conflict with any patent, and Eastman makes no representation or warranty, express or implied, that the
use thereof will not infringe any patent. NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR ANY OTHER NATURE ARE MADE HEREUNDER WITH
RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.

The data presented is derived from samples tested. Results are not guaranteed for all samples or for conditions other than those
tested. Data and its respective measured, calculated or estimated single number ratings is for glass panels only — glazing installed
in frames may differ significantly in performance.

© 2012 Eastman Chemical Company, Kingsport, TN USA. All rights reserved.
SOLUTIA and Radiance Logo™, Saflex® and Vanceva® are trademarks of Eastman
Chemical Company.
As used herein, ® denotes registered trademark status in the U.S. only.
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