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General design rules
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« Structural hierarchy
* Robustness
» Structural redundancy
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Structural glass

General design rules

» Class of consequence (CC)
 Laminated glass
» Post-failure verification
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Structural glass

General design rules

Strenght dependencies:
Load duration
Concentration of stresses
Presence of defects

Detail design accuracy
Strengthening process

heat thermally chemically
strengthened glass toughened glass strengthened glass .«
HSG TTG HSG
024 = presiressed glass
N 7 P=l -9 I 30-300 pm ;
06d G o - <
2e BN >z S
~ 50 MPa 2 ~-120 MPa - 200 MPa CAE
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Structural glass

General design rules

CNR- DT 210/2013 design value of bending strength

f _ kmod 'ked 'kgf '}"‘gA '}“gl Lfg;k n ked k‘--‘ '(Lfb:k _Lfg:k)
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Ko load duration

key K'eg  finishing of edge affected by tensile stresses

Ky surface profile

A Ay pane area/ edge lenght affected by tensile stresses

k, manufacturing toughening process

Fo characteristic value of the bending strength for annealed glass (45 MPa)

ok characteristic value of the bending strength of prestressed glass
Yu V., Material partial factor for annealed / prestressed glass
R, ,R,, factor for class of consequence (CC1) o (CC2)
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Dependencies of interlayer
mechanical properties:

Load duration
Temperature

Behaviour of
laminated panel
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Structural glass

General design rules

Interlayer
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Structural glass

Case studies

Refurbished Margherita Theatre in Livorno
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DX, DZ, DY, RZ
restrictions

DX, DZ
restrictions
DX, DZ
restrictions

DX, DZ
restrictions
DX, bz
restrictions

Case studies

Structural glass

Tour Trinity fagade in Paris
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Structural glass

Case studies

Refurbishment historical slaughterhouse in Pisa
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Structural glass

Case studies

Point-supported glass roof for “San Rossore clinic” in Pisa

2022, 17 November
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Development of a Straus?7’'s API based application
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Structural glass

Development of a Straus7's API based application

Goals

Accurate modeling
Short modeling times
Tools

Verification according to CNR DT 210

Visual Studio — Windows Forms .NET
CH# programming language

St7AP1.dII

2022,17 November

38° International CAE Conference

SMStrutture - Glass Application - [m] X

~ ‘ Pannelo forato

Glass Application
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Structural glass

Development of a Straus7's API based application

Case studies

1- Floor
2 - Parapet

3 — Panel with holes

Workflow

a- Modeling

2022,17 November

38° International CAE Conference

b — Load definition
¢ — Material definition

d - Verification
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Definitions:
Panel dimension

Number and
thickness of layer
Interlayer
thickness

Boundary
condition
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Structural glass

Development of a Straus7's API based application

1-FLOOR
a - Modeling

Glass application - Solaio
File  Normativa

Modelazione  Carichi Materiali Verfica

Geometria
8 frm] [1000
H [om] 1000
N strat vetro
Nstao | sp. fum] 1
1 10 g
3
Z 10 ;
3 10

Sp. intercalare fnm] [1.52

Vincol
Q) Appoggio continuo su 4 ati
@ Appoggio continue su 2 ati

\

Profondita b o
appoggo  Imm] o

5 h
pessoe 0 ig

appoggio

Mesh

Remeshing
x o,
Dimensione  mm] E Q‘“:iﬂa\e
elemento
y
o xb

Crea modello Modiica modello

(-TZQ,J,-‘!Y)

Visualizzatore modello Straus7 - GlassApp_solaio.st7

1: Load Case 1 = || 1: Freedom Case 1

Spint.

@ o B> @ B\

a2 @z»8Y% 7

Opzioni visualizzazione

- || Global x¥Z: [Cartesian] =

[Moceto

VH Top H Bottom ‘Tumglwslrah ~ ‘ Spit
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Definitions :
Number of loads

Value, position
and duration of
load

Combination
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Structural glass

Development of a Straus7's API based application

1-FLOOR
b - Load definition

Glass application - Solaio

File  Normativa

Modelazione  Canchi Materiali Verfica

Caricon”1
@ Distribute () Concentrato

Narer i
Nome |A

v
Caricon'2
O Distributo @) Concentrato Nome [B
Distribuito Concentrato
Distribuito Concentrato
Distribuito Concentrato
Combinazioni di carica
Considera peso proprio (G1)
Nome Cocff. | Cacff. | Cact C
lome rocil e s SLE
1 13 15| 0 [m}
2 13| 0 |15 [m}
3 1 1
O
O

214 ~ || 1: Freedom Case 1

[N
R
‘ ‘.\‘w\,‘o“:,;"‘fw-‘ il
.

(:Q,D.AE)

Opaioni visualizzazione

|| Global XYZ:[Cartesian]

[Modeto

| [ e |

Splt
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Structural glass

Development of a Straus7's API based application

1-FLOOR
¢ — Material definition

Glass application - Solaio
File  Normativa

Visualizzatore modello Straus7 -

Modelazione Carichi Materiali  Verfica

Deflnltlons . Vetro LGL - | 1: Freedom Case 1 = || Global xY2: [Cartesian] =
" N Nome E G v o B
poprita | matericke | [(MPal | [MPal ka3l
. 1 Veo | 70000 | 28300 | 021 | 2500 .
Glass material e w0 To o] | 99080
E
S0 1 Srato2 Stralo3 Srato4 = || %:;:I;Mam
) Appocgio
ass streng 5 Fo
Strato 2
Interlayer material Z
Trattamento =] [ ©8eams |[0Pates | 0Bricks | /|
|Velm float temprata termicamente - ‘
. o
Support material
[ Trattamento temmico can processo onzzontale ~] =]
®
& o
Irtercalars c
fa o
Tipologia |PVB (Du Port - Butacite) - =8 39
z Cc
Nome  [Dumtadel | E G v |Temperara | |2 = 8
propricta carico [MPa] [MPa] IC1] o
M.GI20 | S0ami | 0155 | 0852 | 05 | PO B e
n A2 | floe | 1581 | 0527 | 05 | |0 & SO
n B2 | 10mn | 2673 | 0358 | 05 | [0 N3
. |=® &
[ =
| ks g
o g
Supporta slastico di appoggio M =
116,2,-34) [
3 H v Crea/Modfica propreta ¢ : X
MPal_| [MPa] e Opsioni visuaizzazons o
0332 ‘Mudel\u v” Top H Bottom ‘ ~ ‘ Spiit |
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Structural glass

Development of a Straus7's API based application

1-FLOOR
d - Verification

Definitions : —

Glass application - Solaio

File  Normativa

Max displacement Modellazione  Carichi  Materiali  Verfica st ot S T Ganon a0 47
ULS and NC CC -
Cracked layer

Classe di conseguenza cc2 v
Point of verification

N strato rotio

=ra

248 2HEY S @B >NBBEN -

Verification : —
One LSA for eaCh CALCOLO DI VERIFICA ESEGUITO @

File Straus7: GlassApp_solaio.&t7

load case and

- Verfica allo SLC

limit state oo 1001 votese

Max strato 3= 0.15 < 1> Verficato

17 November
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o0

0

2

- Verfica allo SLU

superposition

G Combinazione 2" [[Tlsn 5
C max O max e e T o < 1 Veficdo Opsioni visualizzazione
3 L < Max strato 2 = 0.78 < 1 —> Verficato hd StrausGlass Application’Straus'Solaio'\Glass App_solaio_verficaComb 1_SLUtt v\| Top H Bottom HZ—V” Spit |

G T g =
jg.d j;d
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Structural glass

Development of a Straus7's API based application

1-FLOOR
Split
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Structural glass

Development of a Straus7's API based application

2 - PARAPET
a - Modeling

Glass application - Parapetto
File  Normativa

Modellazione  Carichi  Materiali Verfica

Geometria
B fmm]

Definitions: -
H mm] fiooo 4//

. . : = F l=. .="= i ': :. ' T '

Panel dimension -t ; '§§§=;:;., I ‘.i;?i‘ q

N’s‘trat ® ;mm] L T mﬁﬂl

Number and = y ’;. iﬁ m%;g

i Sp.intercaare ] [152 = i

thickness of layer — ‘ : :

Interlayer pame wm . M : i §§
thickness = ze V2 i

pess
mmmmm

/ Novemb
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Boundary i
condition — ’

N'totale brck 12600 |

* z
Crea/Modica medsllo Oponi visuslizzazions
[Modsia VH Front H Back ‘ Tt glstrati | Splt ‘
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Structural glass

Development of a Straus7's API based application

2 - PARAPET
b - Loads definition

Glass application - Parapetto - o X

File  Normativa
Modelazione Carichi  Material  Verifica Visualizzatore modello Straus7 - GlassApp_parapetto st7

D f . t R 2 1A [ recdomcase 1 | [Global XY2: Car
ernitons . Carca i

O Distibuto @) Lineare Nome [A
Number Of |oads Tipo di azione - durata carica
Value, position e

and duration of e
load V

Distribuito Lineare 8
C . . - &
ombination =
Disirbuto () Lineare =
¥ F
Distribuito Linears B
]
&
k3
SLE @
O is}
O (-152,39,-178)
D Opzioni visual lizzazione
O

[Modelo [ Fen [ ek |Fwdwm o[ sk |
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Definitions :
Glass material
Glass strength
Interlayer material
Support material
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Structural glass

Development of a Straus7's API based application

2 - PARAPET
¢ — Material definition

Glass application - Parapetta
File  Normativa

Modelazione Carichi Materiali  Veifica

Vetro
N Nome E G v P
proprieta maierisle | [MPa] | [MPa] ka/m3]
1 Vetro 70000 | 28900 | 021 | 2500
Z Vetoroto | 10 41 | 021 | 2500

Stato 1 Strato 2 Strato 3

Temperato termicamente ~
Trattamento superficiale | Nessun trattamento ~

Tipologia di vetro

Lavorazione bordo

A BEY FE S @« 3&N@MBN\ ¢

Trattamerto

[Vetro float temprato o

Trattamerto d

|Trat(amemn temico con processo ofizzontale -~ \
Intercalare

Tipologia |PVB (Du Pont - Butacite) v

Nome Durata del 3 G Temperatura
proprieta carico [MPa] | [MPa] €1

Int_G1-0 50ami | 2655 | 0885 05 | [

| mam | tomn | 0155 | o052 [ 05 | 0

—

—

—

—

Supporta lastico di appoggio

E G
[MPa] | [MPa]

Crea/Moifica propriets
materiali

Visualizzatore modello Straus7 - GlassApp_parapetto st7

+ || 1: Freedom Case 1

LAtz )
e I

f4ppoggo

ffstrato 1

ffstrato 2
~fifstrato 3

0Beams | 0 Plates | [0 Brick: /]

(14,56,73)

Opioni visuslizzazione

~ || Giobal xYZ:[Cartesi

[Modeto

| |

Spit
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Definitions :
Max displacement
ULS and NC CC
Cracked layer
Point of verification

Verification :
One LSA for each
load case and
limit state
superposition

cf o

max + max <

G T g =
jg.d qu.d
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Structural glass

Development of a Straus7's API based application

2 - PARAPET
d - Verification

Glass application - Parzpetto
File  Normativa

Modelazione Carichi Materiali Verfica

2 1A || 4: Freedom Case 1
SLE

Spostamento massimo

sLy

Classe di conseguenza

slc

Classe di conseguenza

T : I
a8 8
s N
I< < £l

B> @\ |\

N strato rotto

| Global xYZ: [Certesian]

Considera collaborazione
dei pannell adiacenti

4 @

Distanza dal bordo
del punto di verfica |~

o

CALCOLO DI VERIFICA ESEGUITO

Fl Siraus7: GlassApp_parapetto.st7

Combinazione "1”

- Verfica allo SLC {contributo panneli adiacenti considersto):
lax strato 1=10.16 < 1 —> Verficato
Max sirato 2 = 1.68 > 1~ Non verficato
Max sirato 3= 0.74 < 1> Verficato

- Verfica allo SLU
Max sirato 1= 1.23 > 1~ Non verficato
Max sirato 2= 2.7 lon verificato
Max strato 3= n verficato

22 d @& »2B8Y §¢

Combinazione "2" (0,180,0)

- Verfica alo SLE: o :
Max spostamento = 54.48mm > 10mm —> Non verficato| paioni visualizzazione

[[.Straus'Parapetto\Glass App._parspetto_verficaComb1_SLC o
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Structural glass

Development of a Straus7's API based application

2 - PARAPET
Split

e
a
a
- 7
A A
= =
Front S 5
+ L4
o 12
= "
ko »
B ]
]
]
B
214 v | 1 Freedom case 1 - || Gobal xrZefcartesin] o] [z 1 v | Gobsl ¥r2: [Cartesan]
Z g3
. H X3
- 7 gL
Z C
A A ~ O
= = - O
Back 0 . 82
[] L] 8 (&)
L4 + @©

= =

= kil

] B 9

[} o =

[ a8 %
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Layer1 Layer 2 Layer3
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Definitions:
Panel dimension

Number and
thickness of layer

Interlayer
thickness

Number, position
and diameter of
holes
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Structural glass

Development of a Straus7's API based application

3 - PARAPET
a - Modeling

Glass application - Pannello forate

File
Modellazione  Carichi ~ Materiali

Geometria

B from] 1000
H [mm] 1000
N* strati vetro
Nsrato | sp. fom]
1 8
2 g

Sp.intercaiare [rm] [1.52
Vincoli

Numero fori

1 Tigy
Ditanze ™)
dalbodo 42 figp
[mm]

R
Raggio ooy B

Mesh

Discretizzazione
foratue

Crea/Modfica modello

Verffica

Dmensioni M2 Il
clemerto

Win fmm]

N*totale brick.

1: Load Case 1

S| @0 BN B B \|*

4 8B 2 HBY 9

(45,4,35)

Opaioni visuslizzazione

~ || 1: Freedom Case 1

~ | Global xvZ:[Cartesian] ~

[Modelo

~] Front Back Tutti gl strafi Sple
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Structural glass

Development of a Straus7's API based application

Outlook

Tensional verification of puntual joints
Impact verification

DGU verification
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Thank you for your attention!
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