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Introduction/Actions/Assumptions/Result Summary:

Introduction:
TSA was instructed by Concorde Glass Ltd to provide the below Calculations:

1- Provide a glass analysis for 15mm toughened glass with handrail for the side-mounted U
Channel system.

2- Provide a glass analysis for 21.52mm toughened laminated glass without handrail for the

side-mounted U Channel system.

Actions:
Balustrade load = 0.74kN (Table NA.6151991-1-1:2002)
Point load = 0.5kN (Table NA.51S1991-1-1:2002)

Typical High Wind load = 2.5kN/m?

Assumption:

Aluminium Shoe grade 6063-T6 — Minimum strength is 195Mpa.

Result Summary:
A. Side Fix Mount U — Channel:

1- Shoe: 136x66mm Aluminium Shoe.

2- Glass Panel 1 — Handrail: Glass is 15mm Toughened Panels.
Please Note: toughened glass is not permitted to bear horizontal balustrade loading on
its own. As a result, a handrail must be designed specifically to support the horizontal

balustrade load.

Analysis for 15mm Toughened Glass with Handrail: mm

Deflection of Glass due to Wind Loading 9.682
Deflection of Shoe due to wind loading at Shoe 11.36
Combined deflection of system 21.04

Combined Deflection 21.04mm < 25mm {BS6180:2011 cl. 6.4.1}

3- Glass Panel 2 - with No handrail: 21.52mm Toughened Laminated Glass Panel with EVA

Interlayers.
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Analysis for 21.52mm Glass with EVA Interlayer — without Handrail mm
Deflection of Glass due to Wind Loading 4.857
Deflection of Glass due to Balustrade Loading 4.441
Deflection of Glass due to Point Loading 0.9252
Deflection of Shoe due to Shoe Loading 11.36
Combined deflection of system 16.22

Combined Deflection 16.22mm < 25mm {BS6180:2011 cl. 6.4.1}

Glass Strength

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

fad = (Kmod) (Ksp) (fek)/ Yma + ku(fok-Fek)/Vimy
fea = (0.77)(1.0)(45)/1.6 + 1.0(120-45)/1.2
feq = 84.2N/mm?

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

fgd = (kmod)(ksp)(fgk)/ Yma + kV(fbk'fgk)/va
faa = (0.74)(1.0)(45)/1.6 + 1.0(120-45)/1.2

fea = 83.3N/mm?

Glass Analysis- 15mm Toughened Glass with handrail
System Sketch:
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Please Note:

15mm Toughned Glass

Handrail:
(F{ 48x2mm
2

1- Toughened glass is not permitted to bear horizontal balustrade loading on its own. As

a result, a handrail must be designed specifically to support the horizontal balustrade

load.

2- The above sketch is for lllustration purposes only.
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Glass Analysis - Bending Stress of Glass Panel due to 2.5kN/m2 Wind Loading:

Analysis Software was used to determine maximum bending stress of the glass due to

2.5N/m2 Wind Loading.
15mm Toughened Glass.

Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm.

Result:

Max. Bending Stress = 24.49N/mm? X 1.5 = 36.74N/mm? < 83.3N/mm?

Type: 1st Princpal Stress

Unit: MPa

02/04/2024, 15:48:53
24.49 Max

1931

14.13

8.95

3.77

-1.41 Mn

OK in Bending
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Glass Analysis - Deflection of Glass Panel due to 2.5kN/m2 Wind Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
2.5N/m2 Wind Loading

e 15mm Toughened Glass
e Deflection analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:
Max. Deflection = 9.682mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit; mm
02/04/2024, 15:49:10

|| 7.746

|| 3.873

1.936

0 Mn
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Glass Analysis - Bending Stress of Glass Panel due to 0.74kN/m Balustrade Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
0.74kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 0.89kN (0.74kN/m x 1.2m)
e 15mm Toughened Glass
e Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Bending Stress = 18.54N/mm? X 1.5 = 27.81N/mm? < 84.2N/mm?

OK in Bending
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Glass Analysis - Deflection of Glass Panel due to 0.74kN/m Balustrade Loading:

e Analysis Software was used to determine maximum deflection of the glass due to

0.74kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 0.89kN (0.74kN/m x 1.2m)

e 15mm Toughened Glass
e Deflection analysed based on glass panel of 1200 () x 1000 (h) mm

Result:

Max. Deflection = 9.041mm < 25mm {BS6180:2011 cl. 6.4.1}

Type: Displacement
Uhnit: mm
02/04/2024, 15:49:56

OK in Deflection (Glass Only)

|| 5,425

| 3616

1.808

0Mn
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Glass Analysis - Bending Stress of Glass Panel due to 0.5kN Point Load:

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

e 15mm Toughened Glass
e Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Bending Stress = 4.664N/mm? X 1.5 = 7.00N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Princpal Stress
Unit; MPa
02/04/2024, 15:50:09

4.664 Max

|| 3678

1 2691

0.718

-0.269 Mn
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Glass Analysis - Deflection of Glass Panel due to 0.5kN Point Load:

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

e 15mm Toughened Glass
e Deflection analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:
Max. Deflection = 1.844mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit; mm
02/04/2024, 15:50:22

1.w W —

|| 1475

| 1.107

0.369

0 Mn
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Glass Analysis —21.52mm Thickness EVA Interlayer:

1000

1200

21.52mm Thickness (10+1.52+10mm)
EVA Interlayer
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Glass Analysis - Bending Stress of Glass Panel due to 2.5kN/m2 Wind Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
2.5N/m2 Wind Loading

e 10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

e Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Bending Stress = 14.01N/mm? X 1.5 = 21.02N/mm? < 83.3N/mm?

OK in Bendin

Type: 1st Principal Stress
Unit: MPa
05/04/2024, 09:51:41

14.01 Max

| 10.73

L[ 744

| 4.16

0.87

-2.42 Min
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Glass Analysis - Deflection of Glass Panel due to 2.5kN/m2 Wind Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
2.5N/m2 Wind Loading

e 10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

e Deflection analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:
Max. Deflection = 4.857mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

rit: mm

05,/04,2024, 09:51:59
4.857 Max

=7

|| 3.886

L | 2,914

1.943

L | 0.971

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 0.74kN/m Balustrade Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to

0.74kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 0.89kN (0.74kN/m x 1.2m)
e 10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated

e Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

e Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Bending Stress = 9.811N/mm? X 1.5 = 14.72N/mm? < 84.2N/mm?

OK in Bending
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Glass Analysis - Deflection of Glass Panel due to 0.74kN/m Balustrade Loading:

Analysis Software was used to determine maximum deflection of the glass due to
0.74kN/m Balustrade Loading

Actual Balustrade Load applied to the glass is 0.89kN (0.74kN/m x 1.2m)
10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

Deflection analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Deflection = 4.441mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: rmm

05/04/2024, 09:52:30
4.441 Max

| INS553

|| 2.664

| 1.776

| 0.888

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 0.5kN Point Load:

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

e 10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

e Bending Stress analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:

Max. Bending Stress = 2.669N/mm? X 1.5 = 4.01N/mm? < 84.2N/mm?

OK in Bendin

Type: 1st Principal Stress
Unit: MPa
05/04,2024, 09:52:42

2.669 Max

152044

L1848

| 0.792

0.166

-0.46 Min
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Glass Analysis - Deflection of Glass Panel due to 0.5kN Point Load:

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

e 10/10/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 18MPa, G = 6.82MPa EVA

e Deflection analysed based on glass panel of 1200 (I) x 1000 (h) mm

Result:
Max. Deflection = 0.9252mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Lnit: mim

05/04/2024, 095254
09252 Max

=7

L | 07402

L1 0,5551

|| 03701

L1 0,185

0 Min
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Shoe Analysis:
System Sketch:

57.45

133.4

75.95
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Bending Stress of Shoe:

e Analysis Software was used to determine maximum bending stress of the shoe due to

maximum Moment.

e Momenty g = 25kN/m2 x 1.2m X 1.0m x 2% = 1.5kN m(SLS) Worst Case

e Momentggystrade = 0.74kN/m X 1.2m X 1.0m = 0.89kN m(SLS)

Result:

Max. Bending Stress = 119.1N/mm? x1.5 = 178.65N/mm? < 195N/mm?

Okay in Bending

NOTE:

In this case the 245.1 MPa is a localised stress. The most appropriate stress to be considered
is 119.1 MPa.
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Deflection of Shoe:

NOTE:
e Deflection 0.9769mm at the top of shoe

e Max. Deflection at the top of the glass = (0.9769 x 1000)/86 = 11.36mm



