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Actions/Result Summary:
Actions:

Balustrade load = 0.75kN/m
Point load = 0.5kN

Infill load = 1.0kN/m2
Maximum wind load 1.0kN/m2

Balustrade load = 1.5kN/m
Point load = 1.5kN
Infill load = 1.5kN/m2

(Table NA.5151991-1-1:2002)
(Table NA.6 151991-1-1:2002)
(Table NA.6 151991-1-1:2002)

(Table NA.5151991-1-1:2002)
(Table NA.61S1991-1-1:2002)
(Table NA.61S1991-1-1:2002)

Maximum wind load 1.5kN/m2

Assumption
Concrete Grade = C30/37

Result Summary:

Two design cases were checked.

1/. The post and Skyforce channel will work for a uniformly distributed loading of 0.75kN/m
and associated loading spanning up to 2.0m. The glass will also work at this loading for a
span of 2.0m as a 6/6/1.52 toughened laminate glass with a PVB interlayer.

2/. The post and Skyforce channel will work for a uniformly distributed loading of 1.5kN/m
and associated loading spanning up to 1.2m. The glass will also work at this loading for a
span of 1.2m as a 6/6/1.52 toughened laminate glass with a PVB interlayer.

It would be recommended that bolt spacing of channel to post would consist of a
concentration of 3no. bolts at 100mm c/c at the top of the glass and bolts at 300mm c¢/c
through the height of the post.
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Introduction:

TSA was instructed by On Level to determine the maximum span of glass for the two
conditions mentioned in the Actions section above.

Glass Calculation:
13.52mm, 6/6/1.52mm, Toughened Laminated Glass with a PVB interlayer.

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

fad = (Kmod) (Ksp) (fek)/ Yma + ku(fok-Fek)/Vimy

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

feq = 84.2N/mm?

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

fgd = (kmod)(ksp)(fgk)/ Yma + kv(fbk-fgk)/va
fga = (0.74)(1.0)(45)/1.6 + 1.0(120-45)/1.2

fed = 83.3N/mm?
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Skyforce Rail Check:
Skyforce Rail Check for Channel Loading:
The Skyforce Rail has the following particulars:
fy =170 MPa
E = 69,000 MPa
I = 1302mm*/m (37x35%2.5mm Channel)
Z = 1041.7mm3/m (37x35%2.5mm Channel)
Yo =15 (Table 6.10 EN 1991-1-1:2002)

Maximum Loading into Skyforce rail is 1.0m x W x 1.5 = 1.5 x W(kN/m)
Maximum Moment:

My = 1.5x0.035xW

My = 0.0525W kNm

_ M
Omax = E
(0.0525 W)x10° N
o =—""=170 Oka
max 1041.7 mm?2 y

W = 3.373kN/m (SLS) for strength
Check deflection in Channel due to this loading:

Maximum Deflection:

o __ PP
H ™ 35

3
= G330V — 0.410mm < 0.177mm - ()

(04
H 3X69000x1302 180

Allowable udl is 3.373 x 0.177/0.410 = 1.46kN/m (SLS) for deflection

Local Bending at Bolt Positions:

P(kN/m) x0.017m x 1.5 = 0.0255P
Z«=43x3.0°/6 =64.5mm?3
Stress in rail is: 0.0255 P x 10%/ 64.5 = 170 N/mm?

Implies P = 0.43kN / Bolt (0.43kN / 0.3m) = 1.433kN/m (SLS) for local effects
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Local Bending at Bolts due to Line Load:

Assuming 3no. bolts carry the loading.

Pt Load = 1.5kN/m x Span/2 = 0.75 x Span

From Above the maximum load a bolt can carry is 0.43kN (SLS).
0.43 x3=0.75x Span

Span = 1.72m for 1.5kN/m Line Loading.
Span = 3.44m for 0.75kN/m Line Loading.

From above the maximum span of glass based on Skyforce channel check is:

Applied Loading Allowable Span for Glass Check Based on
Skyforce Channel Capacity
0.75kN/m 3.44m
1.50kN/m 1.72m
1.0kN/m? 2.866m
1.5kN/m? 1.911m

The above table is based on a concentration of bolts (3no.) at 100mm c/c near the top of the
glass and bolts spaced at 300mm c/c through the height of the glass. This applies to both the
1100mm high and 1200mm high glass.

Glass checks will be for 0.75kN/m; 1.0kN/m?; and 0.5kN glass span of 2.0m.

Glass checks will be for 1.5kN/m; 1.5kN/m?; and 1.5kN glass span of 1.2m.
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Glass Check for 13.52mm Laminate Glass:

Design cases are to BS6180:

0.75kN/m ; 1.0kN/m?; 0.5kN ; on glass dimensions 2000mm wide x 1100mm high.

1.5kN/m ; 1.5kN/m?; 1.5kN ; on glass dimensions 1200mm wide x 1100mm high.

The glass is to be designed for PVB & EVA interlayers.
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Case Study 01:
System Sketch — 13.52mm — PVB Interlayer:
2000

1100

\

\ 13.52mm Thickness (6+1.52+6mm)

PVB Interlayer
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Glass Analysis —13.52mm — PVB Interlayer:

Glass Analysis - Bending Stress of Glass Panel due to 1.00kN/m2 Infill Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.00N/m2 Infill Loading

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 2.0 (I) x 1.1 (h) m

Result:

Max. Bending Stress = 23.52N/mm? X 1.5 = 35.28N/mm? < 83.3N/mm?

OK in Bendin

Type: 1st Principal Stress

Unit: MPa

30/11/2020, 09:04:33
23.52 Max

| 18.06

1 12,59

dl 167

-3.8 Min
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Glass Analysis - Deflection of Glass Panel due to 1.00kN/m2 Infill Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.00N/m2 Infill Loading

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Deflection analysed based on glass panel of 2.0 (I) x 1.1 (h) m

Result:
Max. Deflection = 6.757mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit: mm
30/11/2020, 09:04:53
6.757 Max

1.351

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 0.75kN/m Balustrade Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
0.75kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 1.5 kN/m (0.75x2.0m)
e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 2.0 () x 1.1 (h) m

Result:

Max. Bending Stress = 50.9N/mm? X 1.5 = 76.35N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Principal Stress

Unit: MPa

30/11/2020, 09:17:46
50.9 Max

] 39.24

| 27.58

L] 15.92

-7.4 Min
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Glass Analysis - Deflection of Glass Panel due to 0.75kN/m Balustrade Loading:

Analysis Software was used to determine maximum deflection of the glass due to
0.75kN/m Balustrade Loading

Actual Balustrade Load applied to the glass is 1.5 kN/m (0.75x2.0m)

6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated

Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

Deflection analysed based on glass panel of 2.0 (I) x 1.1 (h) m

Result:

Max. Deflection = 11.64mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacerment
Unit: mm
30/11/2020, 09:18:17

11.64 Max

9.31

6.98

2.33

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

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

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 2.0 () x 1.1 (h) m

Result:

Max. Bending Stress = 5.61IN/mm?2 X 1.5 = 8.415N/mm? < 84.2N/mm?

OK in Bendin

Type: 1st Principal Stress

Unit: MPa

30/11/2020, 09:03:54
5.61 Max

- 4,307

| 3.004

0.397
]

-0.906 Min
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Glass Analysis - Deflection of Glass Panel due to 0.5kN/m Point Load:

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

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Deflection analysed based on glass panel of 2.0 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.612mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit: mm
30/11/2020, 09:04:13
1.612 Max

0.322

0 Min
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Case Study 02:
System Sketch —13.52mm — EVA Interlayer:
2000

1100

\\

\ 13.52mm Thickness (6+1.52+6mm)

EVA Interlayer
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Glass Analysis — 13.52mm — EVA Interlayer:

Glass Analysis - Bending Stress of Glass Panel due to 1.00kN/m2 Infill Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.00N/m2 Infill Loading

e 6/6/1.52mm 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 2.0 (I) x 1.1 (h) m

Result:

Max. Bending Stress = 21.16N/mm? X 1.5 = 31.74N/mm? < 83.3N/mm?

OK in Bendin

Type: 1st Principal Stress

Unit: MPa

30/11/2020, 12:01:16
21.16 Max

H 16.18

L 1121

-3.72 Min
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Glass Analysis - Deflection of Glass Panel due to 1.00kN/m2 Infill Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.00N/m2 Infill Loading

e 6/6/1.52mm 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 2.0 (I) x 1.1 (h) m

Result:
Max. Deflection = 5.296mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit: mm
30/11/2020, 12:01:47
5.296 Max

0 Min



Project: Contract:
One Level Ltd 1459-1
= Subject: Sheet No.
—,ﬁ T—E)gcﬁ\mwf ASSOCIATES Juliette Glass Balustrade 19
=7 | CONSULTING ENGINEERS
Date: By:
30/11/2020 cC

Glass Analysis - Bending Stress of Glass Panel due to 0.75kN/m Balustrade Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
0.75kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 1.5 kN/m (0.75x2.0m)
e 6/6/1.52mm 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 2.0 () x 1.1 (h) m

Result:

Max. Bending Stress = 47.2N/mm? X 1.5 = 70.80N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Principal Stress

nit: MPa

30/11/2020, 12:02:03
47.2 Max

| 3641

L 2561

L 14,82

4.02

i -6.77 Min
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Glass Analysis - Deflection of Glass Panel due to 0.75kN/m Balustrade Loading:

Analysis Software was used to determine maximum deflection of the glass due to
0.75kN/m Balustrade Loading

Actual Balustrade Load applied to the glass is 1.5 kN/m (0.75x2.0m)

6/6/1.52mm 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 2.0 (I) x 1.1 (h) m

Result:

Max. Deflection = 9.017mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit: mm
30/11/2020, 12:02:20

! 7.214

9.017 Max

541

3,607

1.803

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

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

e 6/6/1.52mm 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 2.0 (1) x 1.1 (h) m

Result:

Max. Bending Stress = 5.047N/mm? X 1.5 = 7.5705N/mm? < 84.2N/mm?

OK in Bendin

Type: 1st Principal Stress

Unit: MPa

30/11/2020, 12:02:39
5.047 Max

! 3.86
1 2674

L1 1.487

0.3

-0.887 Min
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Glass Analysis - Deflection of Glass Panel due to 0.5kN/m Point Load:

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

e 6/6/1.52mm 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 2.0 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.263mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement
Unit: mm
30/11/2020, 12:03:02
1.263 Max

0 Min
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Glass Analysis — 13.52mm — PVB Interlayer

Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m2 Infill Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.5N/m2 Infill Loading

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 1.2 (I) x 1.1 (h) m

Result:

Max. Bending Stress = 9.739N/mm? X 1.5 = 14.6085N/mm? < 83.3N/mm?

OK in Bendin

Type: 1st Principal Stress
Unit: MPa
30/11/2020, 09:24.27

9,739 Max

L1 4,948

. 2,552

| 0.156

-2.24 Min
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m2 Infill Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5N/m2 Infill Loading

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Deflection analysed based on glass panel of 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.92mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: mm

30/11/2020, 09:24:45
1.92 Max

L1 1.536

1.152

0.384

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m Balustrade Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.5kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 1.8 kN/m (1.5x1.2m)
e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 1.2 () x 1.1 (h) m

Result:

Max. Bending Stress = 43.44N/mm? X 1.5 = 65.15N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Principal Stress
Unit: MPa
30/11/2020, 09:25:02

43.44 Max

| 32,95

. 22.47

11,98

1.49

-8.99 Min
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m Balustrade Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 1.8 kN/m (1.5x1.2m)
e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Deflection analysed based on glass panel of 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 6.916mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: mm

30/11/2020, 09:25:14
£.916 Max

. 5,533

. 4,149

[ 2,766

1.383

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m Point Load:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.5kN/m Point Load

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Bending Stress analysed based on glass panel of 1.2 () x 1.1 (h) m

Result:

Max. Bending Stress = 7.878N/mm? X 1.5 = 11.817N/mm? < 84.2N/mm?

OK in Bendin

Type: 1st Principal Stress
Unit: MPa
30/11/2020, 09:28:11

7.878 Max

L1 5.94

.| 4.002

L | 2.064

| 0.126

-1.812 Min
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m Point Load:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5kN/m Point Load

e 6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated
e Interlayer Properties used for analysis, E= 3MPa, G = 1MPa PVB

e Deflection analysed based on glass panel of 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.553mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: mm

30/11/2020, 09:28:49
1.553 Max

1.242

L 0,932

| 0.311

0 Min
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Glass Analysis — 13.52mm — EVA Interlayer

Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m2 Infill Loading:

e Analysis Software was used to determine maximum bending stress of the glass due to
1.5N/m2 Infill Loading

e 6/6/1.52mm 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 1.2 (I) x 1.1 (h) m

Result:

Max. Bending Stress = 9.142N/mm? X 1.5 = 13.713N/mm? < 83.3N/mm?

OK in Bendin

Type: 1st Principal Stress
Unit: MPa
30/11/2020, 12:15:41

9.142 Max

| 6.922

L | 4.702

| 2481

0.261

-1.959 Min
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m2 Infill Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5N/m2 Infill Loading

e 6/6/1.52mm 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 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.525mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: mm

30/11/2020, 12:16:20
1.525 Max

1.22

0.915

0.61

0.305

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m Balustrade Loading:

Analysis Software was used to determine maximum bending stress of the glass due to
1.5kN/m Balustrade Loading

Actual Balustrade Load applied to the glass is 1.8 kN/m (1.5x1.2m)

6/6/1.52mm T/L/T Glass analysed, horizontally toughened Laminated

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

Bending Stress analysed based on glass panel of 1.2 (I) x 1.1 (h) m

Result:

Max. Bending Stress = 38.47N/mm? X 1.5 = 57.705N/mm? < 84.2N/mm?

OK in Bending

Type: 1st Principal Stress
Unit: MPa
30/11/2020, 12:16:34

38.47 Max

- 29,21

L | 19.94

10.68

1.42

-7.85 Min
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m Balustrade Loading:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5kN/m Balustrade Loading

e Actual Balustrade Load applied to the glass is 1.8 kN/m (1.5x1.2m)
e 6/6/1.52mm 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 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 5.452mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacement

Unit: mm

30/11/2020, 12:16:46
5.452 Max

L1 4.362

. 3,271

2,181

1.09

0 Min
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Glass Analysis - Bending Stress of Glass Panel due to 1.5kN/m Point Load:

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

1.5kN/m Point Load

e 6/6/1.52mm 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 1.2 () x 1.1 (h) m

Result:

Max. Bending Stress = 7.395N/mm? X 1.5 = 11.0925N/mm? < 84.2N/mm?

Type: 1st Principal Stress

Unit: MPa
30/11/2020, 12:16:59

7.395 Max

[ 5 599

L | 3.803

2,007

0.211

-1.585 Min

OK in Bendin
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Glass Analysis - Deflection of Glass Panel due to 1.5kN/m Point Load:

e Analysis Software was used to determine maximum deflection of the glass due to
1.5kN/m Point Load

e 6/6/1.52mm 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 1.2 (I) x 1.1 (h) m

Result:
Max. Deflection = 1.234mm < 25mm {BS6180:2011 cl. 6.4.1}

OK in Deflection (Glass Only)

Type: Displacerment
Unit: mm
30/11/2020, 12:17:10
1.234 Max

0.987

0.74

| 0,493

0.247

0 Min



