Project: Contract:
10mm Toughened Glass 1172-3
% TSA Subject: Sheet No.
g_ TED SINGLETON & ASSOCIATES Glass Analysis 1
CONSULTING ENGINEERS
Date: By:
06/12/2018 C.He.

Concorde Glass Ltd.,
Linx House,
104 Waterloo Rd,
Mablethorpe,
LN12 1LE,
UK.

10mm Toughened Glass Analysis

Analysis By | Checked By
C.He./C.Hi. T.S.

0 06/12/2018 C.He. Issued
Revision Date Issued By Comment

TSA



Project: Contract:
10mm Toughened Glass 1172-3
TS A Subject: Sheet No.
g TED SINGLETON & ASSOCIATES Table of Contents 2
CONSULTING ENGINEERS
Date: By:
06/12/2018 C.He.
Table of Contents
Summary of Results Sheet 3
Type 1 Balustrade: Post with Handrail — No Saddle Sheet 4
Type 2 Balustrade: Post with Saddle & Handrail Support Sheet 5
Glass Analysis — 0.25kN Infill Point Load Sheet 6,7
Glass Analysis — 0.5kN/m? Infill Pressure Load Sheet 8,9

Glass Analysis — 0.5kN Infill Point Load

Glass Analysis - 1.0kN/m? Infill Pressure/Wind Load
Glass Analysis — 1.5kN/m? Wind Load

Glass Analysis — 2.0kN/m? Wind Load

10. Glass Analysis — 2.5kN/m? Wind Load

© PNV A WwN PR

Attachments
Appendix A: Glass Strength Calculations
Appendix B: Glass Clamp Specification

TSA

Sheet 10,11
Sheet 12,13
Sheet 14,15
Sheet 16,17
Sheet 18,19

Sheet 20
Sheet 21




=\ |TSA

@ TED SINGLETON & ASSOCIATES
CONSULTING ENGINEERS

Summary of Calculation Results:
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10mm toughened glass of Balustrades Type 1 and 2 analysed subject to Balustrade
Loading per Eurocode 1991-1-1: 2002 Categories A1 & A2

10mm toughened glass of Balustrades Type 1 and 2 analysed subject to Wind
Loading of varying intensity 1.0kN/m?- 2.5kN/m?

Glass Type 1 and 2 Analysis Results

Loading Bending Deflection
0.25kN Infill Point Load 15.86N/mm?2 < 84.2N/mm? 0.51mm
0.5kN/m? Infill Pressure Load | 14N/mm?< 84.2N/mm? 0.41mm
0.5kN Infill Point Load 31.71IN/mm?< 84.2N/mm? 1.02mm
1.0kN/m? Infill Pressure Load | 28.04N/mm?< 84.2N/mm? 0.82mm
1.0kN/m? Wind Load 28.04N/mm?< 83.3N/mm? 0.82mm
1.5kN/m? Wind Load 42.05N/mm?< 83.3N/mm? 1.224mm
2.0kN/m? Wind Load 56.06N/mm?< 83.3N/mm? 1.632mm
2.5kN/m? Wind Load 70.08N/mm?2< 83.3N/mm? 2.04mm

» Glass of maximum panel span 1000mm wide x 1050mm high per sketches

analysed

» 10mm toughened glass deemed adequate subject to above tabulated loads

> Posts and Handrails not in

cluded as part of analysis
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Bending Stress of Glass Panel due to 0.25kN Infill Point Load:
e Analysis Software was used to determine maximum bending stress of the

glass due to the application of a 0.25kN Infill Point Load

e 10mm toughened glass panel analysed

e Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

e Height of Balustrade above FFL = 1200mm

e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Bending Stress = 10.57N/mm?
Applying Safety Factor of 1.5 - Max. Bending Stress = 15.86N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Princips
Unit: MPa
05/12/2018, 11:.0

I |
10.57 Max E
9.47

8.38
7.28
5.19

509
3.99

2.9

18

0.7

0,39
-1.49
-2,59 Min
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Deflection of Glass Panel due to 0.25kN Infill Point Load:

Result:

Analysis Software was used to determine maximum deflection of the glass
due to the application of a 0.25kN Infill Point Load

10mm toughened glass panel analysed

Deflection analysed based on glass panel span of 1000mm wide x 1050 high
Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Max. Deflection (represents deflection of glass only) = 0.51mm < 25mm
{BS6180:2011 cl. 6.4.1}

Type: Displacemd
it mm
0e/12/201%, 11:0

OK in Deflection (GLASS ONLY)

=
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Bending Stress of Glass Panel due to 0.5kN/m? Infill Pressure Load:

Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 0.5kN/m? Infill Pressure Load

10mm toughened glass panel analysed

Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:

Max.

Bending Stress = 9.343N/mm?

Applying Safety Factor of 1.5 - Max. Bending Stress = 14N/mm? < 84.2N/mm?
OK in Bending

Type: 1st Principd
Unit:
05/12/201%, 110

MPa

9.243 Max Eb —]
8.324 -

7305
6,286
5.267
4,248
3.229
2.209
1.19
0.171
-0.848
-1.867
-2,886 Min
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Deflection of Glass Panel due to 0.5kN/m? Infill Pressure Load:

e Analysis Software was used to determine maximum deflection of the glass
due to the application of a 0.5kN/m? Infill Pressure Load

e 10mm toughened glass panel analysed

e Deflection analysed based on glass panel span of 1000mm wide x 1050 high

e Height of Balustrade above FFL = 1200mm

e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Deflection (represents deflection of glass only) = 0.41mm < 25mm
{BS6180:2011 cl. 6.4.1}

OK in Deflection (GLASS ONLY)

Type: Displacermd
Unit: rmm
oe/1z2/2018, 11:0

=

TSA



<\ [TSA

g TED SINGLETON & ASSOCIATES
CONSULTING ENGINEERS

Project: Contract:
10mm Toughened Glass 1172-3
Subject: Sheet No.
0.5kN Infill = 10mm Glass 10
Date: By:
06/12/2018 C.Hi./C.He.

Bending Stress of Glass Panel due to 0.5kN Infill Point Load:

e Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 0.5kN Infill Point Load

e 10mm toughened glass panel analysed

e Bending stress analysed based on glass panel span of 1000mm wide x 1050

high

e Height of Balustrade above FFL = 1200mm
e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Bending Stress = 21.14N/mm?
Applying Safety Factor of 1.5 - Max. Bending Stress = 31.71N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Principd
Unit: MPa
05/12/2018, 11:.0

21.14 Max [—
18,95
16.76
14,56
12.37
10,18
7.98
579

3.6

1.41
-0.79
-2.98
5,17 Min
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Deflection of Glass Panel due to 0.5kN Infill Point Load:

Result:

Analysis Software was used to determine maximum deflection of the glass
due to the application of a 0.5kN Infill Point Load

10mm toughened glass panel analysed

Deflection analysed based on glass panel span of 1000mm wide x 1050 high
Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Max. Deflection (represents deflection of glass only) = 1.02mm < 25mm
{BS6180:2011 cl. 6.4.1}

Type: Displacemd
nit: mm
061242018, 110

1.019 Mayx [—

0,934
0.849
0,764
0.679

0.594
051
0.425
0.34
0,255
0.17
0.085
0 Min

OK in Deflection (GLASS ONLY)

il
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Bending Stress of Glass Panel due to 1.0kN/m? Infill Pressure Load/Wind Load:
e Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 1.0kN/m? Infill Pressure Load/Wind Load

e 10mm toughened glass panel analysed

e Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

e Height of Balustrade above FFL = 1200mm

e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Bending Stress = 18.69N/mm?
Applying Safety Factor of 1.5 - Max. Bending Stress = 28.04N/mm? < 83.3N/mm?

OK in Bending

Type: 1st Principg
Unit: MPa
0612720128, 11:0

] 1
18.69 Max Eb

16,65
4561
12.57
10,53

2.5

.46
4.42
2,38
.34
-1.7
-3.73
=277 Min
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Deflection of Glass Panel due to 1.0kN/m? Infill Pressure Load/Wind Load:
e Analysis Software was used to determine maximum deflection of the glass
due to the application of a 1.0kN/m? Infill Pressure Load/Wind Load
e 10mm toughened glass panel analysed

e Deflection analysed based on glass panel span of 1000mm wide x 1050 high
e Height of Balustrade above FFL = 1200mm
e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Deflection (represents deflection of glass only) = 0.82mm < 25mm
{BS6180:2011 cl. 6.4.1}

OK in Deflection (GLASS ONLY)

Type: Displacems
nit: mm
OBf12/2018, 110

q [—
0.8161 Ma g
07481

0.6801
06121
0.5441

04761
0.4081
0.34
0.272
0.204
0,136
0.068
0 Min
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Bending Stress of Glass Panel due to 1.5kN/m? Wind Load:

Result:
Max. Bending Stress = 28.03N/mm?
Applying Safety Factor of 1.5 - Max. Bending Stress = 42.05N/mm? < 83.3N/mm?

OK in Bending

Type: 1st Princips
Lnit: MPa
0e/12/2018, 11:.0

28,03 Max [— —

24,97
21.91
18,86
158

12.74
9.69
5.63
3.57
051
-2,54
5.6
-8,66 Min

Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 1.5kN/m? Wind Load

10mm toughened glass panel analysed

Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

TSA
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Deflection of Glass Panel due to 1.5kN/m? Wind Load:
e Analysis Software was used to determine maximum deflection of the glass
due to the application of a 1.5kN/m? Wind Load
e 10mm toughened glass panel analysed

e Deflection analysed based on glass panel span of 1000mm wide x 1050 high
e Height of Balustrade above FFL = 1200mm
e Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:
Max. Deflection (represents deflection of glass only) = 1.224mm < 25mm
{BS6180:2011 cl. 6.4.1}

OK in Deflection (GLASS ONLY)

Type: Displacemd
Lnit: mim
oB/12/2018, 1101

1.224 Max [— —

1.122
1.0z

0918
0.816
0,714
0612
0.51

0,408
0,306
0,204
0.102
0 Min
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Bending Stress of Glass Panel due to 2.0kN/m? Wind Load:

Result:
Max. Bending Stress = 37.37N/mm?
Applying Safety Factor of 1.5 - Max. Bending Stress = 56.06N/mm? < 83.3N/mm?

OK in Bending

Type: 1zt Principd
nit: MPa
0e/12/201%, 110

37.37 Mayx [—] ]

16.99
1291
8.84

4.76

0.69

-3,39

-7 .47
-11.54 Min

333

29.22
25,14
21.07

Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 2.0kN/m? Wind Load

10mm toughened glass panel analysed

Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

TSA
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Deflection of Glass Panel due to 2.0kN/m? Wind Load:

Analysis Software was used to determine maximum deflection of the glass
due to the application of a 2.0kN/m? Wind Load
10mm toughened glass panel analysed

Deflection analysed based on glass panel span of 1000mm wide x 1050 high
Height of Balustrade above FFL = 1200mm
Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:

Max. Deflection (represents deflection of glass only) = 1.632mm < 25mm
{BS6180:2011 cl. 6.4.1}

Type: Displacermsd

it

0s/12/2018, 11:0
1.632 Max

mm

1.496
1.36

1.224
1.088
0.952
0.816
0.68

0.544
0.408
0,272
0.136
0 Min

OK in Deflection (GLASS ONLY)
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Bending Stress of Glass Panel due to 2.5kN/m? Wind Load:

Analysis Software was used to determine maximum bending stress of the
glass due to the application of a 2.5kN/m? Wind Load

10mm toughened glass panel analysed

Bending stress analysed based on glass panel span of 1000mm wide x 1050
high

Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:

Max.

Bending Stress = 46.72N/mm?

Applying Safety Factor of 1.5 - Max. Bending Stress = 70.08N/mm? < 83.3N/mm?
OK in Bending

Type: 1st Princips

|rit:

05/12/2018, 11:0

MPa

46.72 Max [— —1

4162
3552
3143
26.33
21,24
16.14
11.05
.95
(.86
4,24
-9.33
-14,42 Min
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Deflection of Glass Panel due to 2.5kN/m? Wind Load:

Analysis Software was used to determine maximum deflection of the glass
due to the application of a 2.5kN/m? Wind Load

10mm toughened glass panel analysed

Deflection analysed based on glass panel span of 1000mm wide x 1050 high
Height of Balustrade above FFL = 1200mm

Glass Panel restrained by 4 nr Glass Clamps per Spec WS-1001 to Posts

Result:

Max.

Deflection (represents deflection of glass only) = 2.04mm < 25mm

{BS6180:2011 cl. 6.4.1}

Type: Displacems
nit:
05/1z2/2018, 11.0

OK in Deflection (GLASS ONLY)

mm

2.04 Max [— ]

1.87
17
1.53
136
1.19
1.02
0.85
0.68
051
0.34
0.17
0 Min
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Glass Strength Calculations
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Glass Strength Calculation:

Horizontally Toughened Glass

Balustrade Loading: < 5mins duration => kmog = 0.77

fgd = (kmOd)(kSP)(fgk)/ Yma + kv(fbk'fgk)/va

foa = (0.77)(1.0)(45)/1.6 + 1.0(120-45)/1.2

fod = 84.2N/mm?

Wind Loading: 10min duration, Multiple Gust Storm => kmog = 0.74

fed = (Kmod)(ksp)(fgk)/ Yma + ku(fok-fek)/ymy
fga = (0.74)(1.0)(45)/1.6 + 1.0(120-45)/1.2

fed = 83.3N/mm?

TSA
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Appendix B:

Glass Clamps /WS-1001
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