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DATE:
Downer® LOCATION Manchester M15 4QF 21/02/2023
System Calculations Input by Date Checked Date Approved Date
IS 21/02/2023

PROJECT INFORMATION APPLIED LOADINGS
Cladding Other A) Vertical Loads
Thickness 10 mm Self-weight of panel = 19.4 kg/m’
System Face Fix Support system = 3.6 kg/m’
Galv steel top hat None (Omm) TOTAL = 23.04 kg/m’
Substrate Fixing design by others - through holes B) Horizontal Loads
Notes Design to loading advised below Calculated wind = 1.17 KN/m?
Rail Type 60 Stem x 40 face x 2 L angle Check reverse load case Yes
Bracket Type All 88mm high
Thermostop pad Thermostop DEFLECTION REQUIREMENTS
Cavity Width 108 mm Cont. span/defl ratio = L/200
L Rail horizontal spacing 600 mm Cantilever defl. Ratio = L/150
Top hat span mm
Rail height 1.520 m Max total deflection = mm
No. of spans of rail 3
SPAN DEFINITIONS (FROM BASE)
Span No.

[ 300.0 mm Cantilever Dead fix bracket pos'tn Top of Span |

2 920.0 mm Supported each end

3 300.0 mm Cantilever

Total height = 1.520 m
RESULTS
Sheeting Rail Type 60 Stem x 40 face x 2 L angle PASS 98%
Max deflection 0.61 mm

Dead load bracket Type HH-Single70 PASS 20%

Wind restraint bracket

NOTES

Number per rail

(Includes allowance for Omm of panel fixings, 5mm thermal pad and Omm top hat)

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.67 kN ULS  Shear = 0.14 kN ULS
Type HH-Single70 PASS 9%
Number per rail 1

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.40 kN ULS

Maximum cavity for selected components 114 mm

Minimum cavity for selected components 89 mm

Current cavity zone 108 mm
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Rail length: 1520mm
""""""""""" Vertical rail: 60 Stem x 40 face x 2 L angle
Set @ max:  600mm cts

Note

Arrangement drawing is indicative only.

All dimensions shown represent the centreline position of the bracket (or bracket group if multiple dead load brackets are required).

DCS03 | Bracket Arrangement:
Fix Point (dead load)

.
Rail to bracket fixing;

2 No T4 4 4.8x19

Sliding Point (wind restraint & rail expansion)

Rail to bracket fixing;
2 No JT4 4 4.8x19
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DATE:
Downer® LOCATION Manchester M15 4QF 21/02/2023
System Calculations Input by Date Checked Date Approved Date
IS 21/02/2023

PROJECT INFORMATION APPLIED LOADINGS
Cladding Other A) Vertical Loads
Thickness 10 mm Self-weight of panel = 19.4 kg/m’
System Face Fix Support system = 3.4 kg/m’
Galv steel top hat None (Omm) TOTAL = 22.79 kg/m’
Substrate Fixing design by others - through holes B) Horizontal Loads
Notes Design to loading advised below Calculated wind = 1.17 KN/m?
Rail Type 60 Stem x 40 face x 2 L angle Check reverse load case Yes
Bracket Type All 88mm high
Thermostop pad Thermostop DEFLECTION REQUIREMENTS
Cavity Width 108 mm Cont. span/defl ratio = L/200
L Rail horizontal spacing 600 mm Cantilever defl. Ratio = L/150
Top hat span mm
Rail height 2.240 m Max total deflection = mm
No. of spans of rail 4
SPAN DEFINITIONS (FROM BASE)
Span No.

[ 300.0 mm Cantilever Dead fix bracket pos'tn Top of Span |

2 820.0 mm Supported each end

3 820.0 mm Supported each end

4 300.0 mm Cantilever

Total height = 2240 m
RESULTS
Sheeting Rail Type 60 Stem x 40 face x 2 L angle PASS 99%
Max deflection 0.19 mm

Dead load bracket Type HH-Single70 PASS 30%

Wind restraint bracket

NOTES

Number per rail

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.75 kN ULS  Shear = 0.20 kN ULS
Type HH-Single70 PASS 11%
Number per rail 2

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.45 kN ULS

Maximum cavity for selected components 114 mm

Minimum cavity for selected components 89 mm

Current cavity zone 108 mm

(Includes allowance for Omm of panel fixings, 5mm thermal pad and Omm top hat)
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Note

Arrangement drawing is indicative only.

DCS03 | Bracket Arrangement:

Fix Point (dead load)

.
Rail to bracket fixing;
2 No JT4 4 4.8x19

820mm

820mm

o L Sliding HH-Single70

g L Fixed 1No HH-Single70

Rail length: 2240mm

Vertical rail: 60 Stem x 40 face x 2 L angle

Set @ max:  600mm cts

All dimensions shown represent the centreline position of the bracket (or bracket group if multiple dead load brackets are required).

Sliding Point (wind restraint & rail expansion)

Rail to bracket fixing;
2 No JT4 4 4.8x19
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System Calculations Input by Date Checked Date Approved Date
IS 21/02/2023

PROJECT INFORMATION APPLIED LOADINGS
Cladding Other A) Vertical Loads
Thickness 10 mm Self-weight of panel = 19.4 kg/m’
System Face Fix Support system = 3.2 kg/m’
Galv steel top hat None (Omm) TOTAL = 22.64 kgm’
Substrate Fixing design by others - through holes B) Horizontal Loads
Notes Design to loading advised below Calculated wind = 1.17 KN/m?
Rail Type 60 Stem x 40 face x 2 L angle Check reverse load case Yes
Bracket Type All 88mm high
Thermostop pad Thermostop DEFLECTION REQUIREMENTS
Cavity Width 108 mm Cont. span/defl ratio = L/200
L Rail horizontal spacing 600 mm Cantilever defl. Ratio = L/150
Top hat span mm
Rail height 3.120 m Max total deflection = mm
No. of spans of rail 5
SPAN DEFINITIONS (FROM BASE)
Span No.

[ 300.0 mm Cantilever Dead fix bracket pos'tn Top of Span |

2 840.0 mm Supported each end

3 840.0 mm Supported each end

4 840.0 mm Supported each end

5 300.0 mm Cantilever

Total height = 3.120 m
RESULTS
Sheeting Rail Type 60 Stem x 40 face x 2 L angle PASS 99%
Max deflection 0.24 mm

Dead load bracket Type HH-Single70 PASS 41%

Wind restraint bracket

NOTES

Number per rail

(Includes allowance for Omm of panel fixings, 5mm thermal pad and Omm top hat)

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.91 kNULS  Shear = 0.28 kN ULS
Type HH-Single70 PASS 11%
Number per rail 3

Fixings 2No Client to specify Design to loading advised below
Peak load in fixing to structure: Pullout = 0.45 kN ULS

Maximum cavity for selected components 114 mm

Minimum cavity for selected components 89 mm

Current cavity zone 108 mm
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§ Rail length:  3120mm
@ Vertical rail: 60 Stem x 40 face x 2 L angle
- Set @ max:  600mm cts

Note

Arrangement drawing is indicative only.
All dimensions shown represent the centreline position of the bracket (or bracket group if multiple dead load brackets are required).

DCS03 | Bracket Arrangement:

Fix Point (dead load) Sliding Point (wind restraint & rail expansion)

.
Rail to bracket fixing; Rail to bracket fixing;
2 No JT4 4 4.8x19 2 No JT4 4 4.8x19



Architectural Panel Solutions
5 Wainwright Close, Churchfields Industrial Estate,
St Leonards on Sea, East Sussex, TN38 9PP

Project details
Project Name:
Project ID:
Project Location:

Designer Comments:

Author details
Authored:
Checked:
Approved:

Cladding buildup
Outer cladding:
Fixing system:
Thickness:

Galvanised steel top hat:

Cavity width (face of sub-structure to back of panel):

Thermal pad:

Vertical rail:

Brackets:

Substrate
Type:

Loading
Design wind load to BS EN 1991-1-4 (WL):
Check pressure and suction?:

Design dead load (DL):

Constraints
Main span design deflection limit &,
Cantilever end design deflection limit &,

Maximum absolute deflection &,,:

Geometry
Total height of vertical rail H,;:
Rail horizontal spacing H:

Set out of brackets from base of rail:

Base

Restraint |

Restraint 2

The Boatmans
SC23-02-015
Manchester M15 4QF

By:

Other

Face Fix

10mm

None

108mm

Thermostop

60 Stem x 40 face x 2 L angle

All 88mm high
Dead: HH-Single70
Sliding: HH-Single70

Fixing design by others - through holes

Design to loading advised below

1.17 kN/m?

Yes
0.22 kN/m?

L/200
L/150

2 mm

3.2 m
600 mm

rchitectural

PANEL SOLUTIONS
Date:
21/02/2023
0 mm
Mass: 19.4 kg/mz
Depth: 0 mm
Thickness: 5 mm
1.2 mm
Vw = 1.50
Vg = 1.35

Required number of spans: 5

Free
Fixed
Sliding
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Architectural Panel Solutions

[ J
5 Wainwright Close, Churchfields Industrial Estate, rc h I t e C t u ra l

St Leonards on Sea, East Sussex, TN38 9PP PANEL SOLUTIONS
Restraint 3 Sliding 1.980 m
Restraint 4 Sliding 2.820 m
Top Free 3.120 m

Component load resistances:

60 Stem x 40 face x 2 L angle vertical rails

Moment of inertia ly,rai = (refer to rail calculations) 7.51 cm®
Moment resistance MR rail = (refer to rail calculations) 65.54 Nm
Axial resistance Ne,rd,rail = (refer to rail calculations) 8.89 kN
Shear resistance Ve Rrd,rail = (refer to rail calculations) 10.08 kN
HH-Single70 Dead load bracket
Comepression resistance Nc rd,oL8 = (refer to bracket calculations) 8.47 kN
Tensile resistance N rd, L8 = (refer to bracket calculations) 1.56 kN
Moment resistance M¢ rd,0LB = (refer to bracket calculations) 0.22 kNm
Shear resistance Ve rdpLe = (refer to bracket calculations) 1.37 kN
Fixing tensile resistance N, fix oL8 = (fixing design by others) 0.00 kN
Fixing shear resistance Véix,oLs = (fixing design by others) 0.00 kN
Fixing moment resistance Meix bLe = (fixing design by others) 0.00 kNm
HH-Single70 Sliding bracket
Compression resistance Nc rd,ste = (refer to bracket calculations) 11.78 kN
Tensile resistance N; ra,stp =  (refer to bracket calculations) 2.13 kN
Fixing tensile resistance N fix,sLs = (fixing design by others) 0.00 kN
Fixing shear resistance Ve rdsiB = (fixing design by others) 0.00 kN
Worst case rail tensile reaction allowable Rimax.t = min{Veggrai; Neraos s Nesixois s Nifixsie 5 Nerasisl 1.56 kN
Worst case rail compressive reaction allowable Rinax,c = min{V¢Rgrai; Neraoe ; Nerdsia) 8.47 kN
Lateral line load on rails Wsis = WL.Hg 0.70 kN/m
Wuyts = Wuls - Yw 1.06 kN/m
Basic analytical analysis:
Max span for rail deflection (single span) = (384 . By - yyrait /(5 - Braio - ws,s))”3 1.42 m
Max span for rail abs. deflection (single span) = (3848, Euy - bypai /(5 - W)t 1.03 m
Max span for rail deflection (double span) = (185 . Eyy - yyrait /(Bracio - ws,s))”3 1.90 m
Max span for rail abs. deflection (double span) = (185 8yps - Eyy - bypai /(Weig)) ™ 129 m
Max span for rail deflection (multi span) = (145 . By - yyrait /(Bracio - ws,s))”3 1.76 m
Max span for rail abs. deflection (multi span) = (145 . 8,5 - Eay - lyyrail /(w5|5))”4 121 m
Max span for rail moment = (8 . M Rl /(wu|5))”2 0.70 m
Max span for rail moment (multi span) = (10 . M_ry rai /(wuls))”2 0.79 m
Max span for bracket pullout (single span) = 2. Rpue/ (Wuis) 295 m
Max span for bracket pullout (double span) = 8. Riaxe/ (10 wy) 1.18 m
Max span for bracket pullout (multi span) = 10 . Ryaxe / (12 wyyg) 123 m
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St Leonards on Sea, East Sussex, TN38 9PP PANEL SOLUTIONS

|

Max span for bracket compression (single span) = 2. Rpaxe/ (Wyy) 16.04 m
Max span for bracket compression (dble span) = 8 . Riyaxc / (10 . wy) 6.42 m
Max span for bracket compression (multi span) = 10 . Riaxe / (12 wy) 6.68 m
Therefore, limit the span to Linax = 0.80 m
Results from full analysis

Maximum cantilever deflection = 0.00 mm <2mm PASS
Minimum cantilever deflection = -0.02 mm < 2mm PASS
Maximum cantilever deflection ratio = L/ 13102 PASS
Maximum cantilever moment (ULS) = 0.00 Nm < 65.54 PASS
Minimum cantilever moment (ULS) = -47.52 Nm < 65.54 PASS
Maximum main span deflection = 0.24 mm <2mm PASS
Minimum main span deflection = 0 mm <2mm PASS
Maximum main span deflection ratio = L/3517 PASS
Maximum main span moment (ULS) = 36.87 Nm < 65.54 PASS
Minimum main span moment (ULS) = -65 Nm < 65.54 PASS

Number of dead load brackets required PASS
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5 Wainwright Close, Churchfields Industrial Estate,

St Leonards on Sea, East Sussex, TN38 9PP

rchitectural

PANE

Basic Wind Load Analysis to BS EN 1991-1-4 & UK National Annex

Project post code:

Site location:

Site altitude

Map wind speed

Height of building to eaves
Distance to sea

Distance inside town
Terrain category

Surrounding obstructions

Altitude factor

Direction factor

Season factor

Probability factor

Exposure factor

Town exposure correction factor
Fundamenetal basic wind velocity
Basic velocity

Basic velocity pressure

Peak velocity pressure

Is funnelling present?

Is the building envelope ventilated?
Internal pressure coefficient C,,;
External pressure coefficient C, .

Net pressure coefficient Cp,nec

Calculation of net positive pressure

MI15 4QF

In town

vb,map

hais
Care
Cdir
Ceason
Cprob
C(2)
Cer
Vbo
Vo

9

= 1 +0.001(Cg. x A)

= worst case 240 degrees

= worst case

= worst case

= UK NA to EN 1991-1-4, Figure NA.7
= UK NA to EN 1991-1-4, Figure NA.8
= Cuex vb,map

= Vb0 X Ceason X Cprob x Cgr

= 0613xV,]

= gb x Ce(z) x Ce, T

Rainscreen

= Cp,i + Cp,e

= qpX Cp,net
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34.00 m
23.00 m/s
24.00 m
50.00 km
8.00 km
3
5.00 m
1.03
1.00
1.00
1.00
2.82
|
23.78 m/s
23.78 m/s
0.35 kN/m’
0.98 kN/m’

0.00
1.20
1.20
1.17 kN/m?
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Sheeting Rail Design

Rail type = 60 Stem x 40 face x 2 L angle
Material = 6063-T6
Yield strength fo = = 160 N/mm?
Ultimate strength f, = = 195 N/mm?
Young's Modulus E,. = = 70000 N/mm?
Density Palu = = 2700 kg/m3
Material safety factors YMi = = 1.1

Ym2 = = 1.25
Buckling class BC = = A
Gross cross section
Stem Depth D, = = 60 mm
Face Width Wi = = 40 mm
Stem Thickness t, = = 2 mm
Face Thickness t = = 2 mm
Gross properties
Area A, = = 196.00 mm?
Inertia about y axis Iy = = 751 cm?
Inertia about z axis 1, = = 277 cm’
Radius of gyration in y axis iy = (I, / Ag)o‘5 = 19.57 mm
Radius of gyration in z axis i, = (I,/ Ag)o'5 = 11.90 mm
Distance to elastic neutral axis from edge of face Yec = = 8.76 mm
Distance to elastic neutral axis from base of stem Zy = = 4124 mm
Elastic modulus about y axis Wiy = |y / max(zy; Dy - z,) = 1.82 m’
Elastic modulus about z axis Wiz = |,/ max(yge; Ws - Ygo) = 0.89 cm’
Reduced effective section properties
Material strength parameter Eps = (250/1’0)0‘5 = 1.25
Reduced cross section in y-y bending - stem in compression - unreinforced unsymmetrical outstand element
Tensile stress at face . oT = -0c (Ds-24) [ 24 = -72.78
Stress ratio of ends of the stem v = = -0.45

EN 1999-1 Figure 6.2 Line B for outstand with
Slenderness reduction n = peak compression at toe = 1.00
Slenderness parameter of the stem Bb,be,stem = nDs/ts = 30.00
Maximum slendernesses for section classification B1 = 3 xEps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63

Bs = 6xEps = 7.50

Bb,be,stem > B3
Therefore, section is classified: CLASS 4
Determine effective section Cl = (EN 1999-1-1:2007 Table 6.3) = 10.00

Cc2 = (EN 1999-1-1:2007 Table 6.3) = 24.00

Pb,be,stem = min{(C1/(B/Eps)) - (C2/(B/Eps)z); I20/(B/Eps)2} = 0.21
Effective thickness of compression segment of stem tefbbestem = Phbbestem X Ls = 0.42 mm
Effective area Acttbbe = = 102.58 mm’
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Effective inertia about y axis lyef o, = = 2.34 em?
Effective distance to elastic NA from edge of face Yeceftbbe = = 15.83 mm
Effective distance to elastic NA from base of stem Zyc effpibe = = 51.93 mm
Effective elastic modulus about y axis Weiyefivbe = ly/ Zge = 0.45 cm’
Reduced cross section in y-y bending - face in compression - unreinforced unsymmetrical outstand element
Slenderness parameter of the face Bbtcface = Wf/f = 20.00
Maximum slendernesses for section classification B1 = 3 xEps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63

B3 = 6 xEps = 7.50

Bbtc face > B3
Tensile stress at toe . or = -0c.Zg [ (Ds-24) = -351.72
Stress ratio of ends of the stem w = = -2.20
Slenderness reduction n = EN 1999-1 Figure 6.2 Line A = 0.25
Slenderness parameter of the compression part of the stem By i stem = nD/t = 7.50
Maximum slendernesses for section classification B1 = 3 xEps = 3.75

(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63

B3 = 6 xEps = 7.50

Bb,be,stem > B3
Therefore, section is classified: CLASS 4
Determine effective section Cl¢ = (EN 1999-1-1:2007 Table 6.3) = 10.00

C2 = (EN 1999-1-1:2007 Table 6.3) = 24.00

(C1/(B/Eps)) - (CZ;/(B/Eps)Z) but max

Db tc face = 120/(B/Eps)* for angle sections = 0.47
Effective thickness of face Yefipicface = Phytcface X T = 0.94 mm

Cl = (EN 1999-1-1:2007 Table 6.3) = 10.00

C2, = (EN 1999-1-1:2007 Table 6.3) = 24.00

Porcsten = (CIJ/(B/EpS)) - (C2./(B/Eps)?) = 1.00
Effective thickness of stem part in compression tefibtcstem = Phbtcface X b = 2.00 mm
Effective area Actibic = = 154.56 mm?
Effective inertia about y axis Iy effbic = = 5.85 cm*
Effective distance to elastic NA from edge of face Yecefibitc = = 561 mm
Effective distance to elastic NA from base of stem Zyc effpric = = 36.48 mm
Effective elastic modulus about y axis Weyetibee = ly/ (Ds - 2g) = 249 cm’
Reduced cross section in compression
Adopt thicknesses previously calculated:
Effective thickness of stem et stem = = 0.42 mm
Effective thickness of face Lot c face = = 0.94 mm
Effective area in compression Actic = = 61.15 mm’
Effective distance to elastic NA from edge of face Yecefic = = 12.66 mm
Effective distance to elastic NA from edge of stem Zyc effc = = 47.14 mm
Flexural buckling - major axis only as minor axis is restrained by cladding
Effective length in y axis Le, = = 1000.00 mm
Relative slenderness in y axis Asy = Lecy X ((Aesrc / Ag) - (fox Eq) )0.5 / (iy xm) = 0.69
Buckling plateau limit Ao = EN 1999-1 Table 6.6 = 0.10
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Architectural Panel Solutions
5 Wainwright Close, Churchfields Industrial Estate,
St Leonards on Sea, East Sussex, TN38 9PP

Imperfection factor

Flexural buckling reduction in y axis

Section in major axis shear
Shear slenderness
Limiting slenderness

Web is non-slender

Section properties

Loading due to wind may be in either direction therefore

consider worst case moment resistance.
Shear resistance
Compression resistance

Buckling resistance

by
Xf,y

As,max

M cy,Rd

Nc,Rd
Nb,Rd

rchitectural

PANE.I
EN 1999-1 Table 6.6

L (@, + (&, -A)™)

D,/ t
39 x Eps

min{Wel,y,eff,b,tc ; Wel,y,eff,b,bc} x f0 / yM|
Ds x ts x f0 / (310.5 x AM1)

Aeff,c x f0 / yMI

Aegre X fo x Xf,y/ YMi
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0.20

0.80
0.84

30.00
48.75

65.54 Nm

10.08 kN

8.89 kN

7.43 kN
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St Leonards on Sea, East Sussex, TN38 9PP PANE.I SOLUTION S

Bracket Design
Dead fix bracket design

Geometry
Zone for rail and bracket zp = = 103 mm
Bracket to be checked: HH-Single70
Bracket height he = = 88 mm
Thickness t = = 3 mm
Outstand leg length L, = = 70 mm
Return leg length L, = = 40 mm
Bottom fold L; = = 0 mm
Material grade 6063-T6
Yield strength fo = = 160 N/mm”
Ultimate strength f, = = 195 N/mm?
Young's Modulus E,. = = 70000 N/mm?
Density Palu = = 2700 kg/m3
Material safety factors YMI = = 1.1

Ym2 = = 1.25
Buckling class BC = = A
Material strength parameter Eps = (250/f0)0'5 = 1.25
Gross properties
Area A, = = 264.00 mm?
Inertia about y axis ly = = 17.04 cm’
Inertia about z axis 1, = = 0.02 cm*
Radius of gyration in y axis iy = (I,/ Ag)o‘S = 2540 mm
Radius of gyration in z axis i, = (,/ Ag)o’5 = 0.87 mm
Distance to elastic neutral axis from edge of face Yec = = 1.50 mm
Distance to elastic neutral axis from base of bracket Zy = = 44.00 mm
Elastic modulus about y axis Wy = |,/ max(zy; hy - z) = 3.87 cm’
Elastic modulus about z axis Weiz = 1,/ max(yye L3 - Ygo) = 0.13 cm’
Capacity for pullout due to wind suction Check back leg for bending
Section modulus of back leg Wi = hy. tbz /4 = 198 mm’
Moment capacity of back leg McraL2 = W -fo/Vmi = 28.80 Nm
Pull capacity of bracket NprdL2 = Mcpaa/ (L2 0.5) - (8, / 2)) = 1.56 kN
Capacity for bending due to dead load Check outstand leg for bending
Outstand leg effective section
Tensile stress at face - o7 = -0c (hp-2g) / 24 = -160.00 N/mm?
Stress ratio of ends of the leg w = = -1.00

EN 1999-1 Figure 6.2 Line A for outstand

Slenderness reduction n = with peak compression at toe = 1.00
Slenderness parameter of the stem Beia = nhy/t, = 29.33
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Maximum slendernesses for section classification B1 = 3 xEps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 45 x Eps = 5.63
Bs = 6xEps = 7.50
Ber > B3
Therefore, section is classified: CLASS 4
Determine effective section Cl = (EN 1999-1-1:2007 Table 6.3) = 10.00
C2 = (EN 1999-1-1:2007 Table 6.3) = 24.00
min{(C 1/(B/Eps)) - (C2/(B/Eps)?);
Pt = 120/(B/Eps)’} = 0.38
Effective thickness of outstand leg tefroLn = P Xty = 1.15 mm

Base fold leg effective section (if applicable)

Stress ratio of ends of the leg W = (Uniform compression) = 1.00
Slenderness reduction n = (Uniform compression) = 1.00
Slenderness parameter of the stem Btz =nlk/t = 0.00
Maximum slendernesses for section classification B1 = 3 xEps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63
Bs = 6 xEps = 7.50
Beis < Bl
Therefore, section is classified: CLASS |
Section is fully effective Cl = (EN 1999-1-1:2007 Table 6.3) = N/A
C2 = (EN 1999-1-1:2007 Table 6.3) = N/A
min{(C1/(B/Eps)) - (C2/(B/Eps)2);
Pess = 120/(p/Eps)’} = 1.00
Effective thickness of base fold teff o 13 = PoizXty = 0.00 mm

Shape properties

Effective inertia of bracket b1 = = 6.52 cm*
Distance to elastic neutral axis from base of bracket Zetih = = 44.00 mm

Elastic modulus of outstand leg WelefiLi = = 1481.25 mm’
Moment capacity of outstand leg McRraL = Wara - fo/Vmi = 215.45 Nm
Vertical load capacity of bracket ViRrdLl = Mcrani /Ly = 3.08 kN

Capacity for compression due to wind pressure Check outstand leg(s) for compression

Outstand leg effective section

Stress ratio of ends of the leg W = (Uniform compression) = 1.00
Slenderness reduction n = (Uniform compression) = 1.00
Slenderness parameter of the stem Beir = nhy/t = 29.33
Maximum slendernesses for section classification B1 = 3 xEps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63
B3 = 6 xEps = 7.50
Beur > B3
Therefore, section is classified: CLASS 4
Determine effective section Cl = (EN 1999-1-1:2007 Table 6.3) = 10.00
C2 = (EN 1999-1-1:2007 Table 6.3) = 24.00
min{(C1/(B/Eps)) - (C2/(B/Eps)?);
Per = 120/(B/Eps)*} = 0.38
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Effective thickness of outstand leg Lefr o 11 = P Xty = 1.I5 mm

Base fold leg effective section (if applicable)

Stress ratio of ends of the leg w = (Uniform compression) = 1.00
Slenderness reduction n = (Uniform compression) = 1.00
Slenderness parameter of the stem Beis = nlk/t = 0.00
Maximum slendernesses for section classification B1 = 3.5 x Eps = 3.75
(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63
B3 = 6 xEps = 7.50
Beis < Bl
Therefore, section is classified: CLASS |
Section is fully effective Cl = (EN 1999-1-1:2007 Table 6.3) = N/A
C2 = (EN 1999-1-1:2007 Table 6.3) = N/A
min{(CI/(B/Eps)) - (C2/(B/Eps)2);
Pers = 120/(B/Eps)’} = 1.00
Effective thickness of base fold tefr o L3 = PeaXty = 0.00 mm

Shape properties

Effective area ActicLl = hy . tefreun = 100.99 mm
Effective inertia about y axis Iy effelLi = = 6.52 cm’
Effective distance to elastic NA from edge of face Yeceffoll = = 0.57 mm
Effective distance to elastic NA from base of stem Zyceffc Ll = = 44,00 mm
Effective elastic modulus about y axis Wiyl = /2y = 1.48 cm’
Flexural buckling
Effective length in y axis Le, = = 103.00 mm
Effective length in z axis Le., = = 103.00 mm
Relative slenderness in y axis Ay = Lecy X ((Acrrc / Ag) - (fo x Eq) )O'5 / (i, xm) = 0.04
Relative slenderness in z axis v = Lec, X ((Agsic x fo) / (Ag X E) )O'5 / (i, x 1) = 1.12
Buckling plateau limit Ao = EN 1999-1 Table 6.6 = 0.10
Imperfection factor a = EN 1999-1 Table 6.6 = 0.20

by = = 0.49

¢, = 123
Flexural buckling reduction in y axis Xy = 1/ (¢, + (d),2 - }\,2)0’5) = 1.00
Flexural buckling reduction in z axis X2 = 1/ (¢, + (cI)Z2 - ?\22)0'5) = 0.58
Compressive resistance of the outstand leg(s) NprdLi = min[ Xy Xe2 ] - Aetrert - fo/ Y = 8.47 kN
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Bending resistance of return leg

Bending about Z-Z'

Fixing head diameter

Distance to top fixing from top of bracket

Distance from fixing head to outstand leg

Distance from top corner of bracket to edge of fixing
Angle of yeild line relative to outstand leg

Length of yield line Z-Z'

Section modulus

Moment capacity

Maximum vertical load for offset e

Shear resistance of the outstand leg(s)
Shear slenderness

Limiting slenderness

Web is non-slender

Revised shear slenderness

Reduction factor

Shear resistance

Fixings to structure
Fixing to:
Fixing specification:

Number of fixings:

rchitectural

PANE

iy
-
H ~~
‘e
(E—
B
f, =
h =
b = B/2-(t, - f,/2)
. = (B + )
€] = tan-1(b/(H-h))
Le = H/cosb
Wi = le.t’/4
Mc,yl = Wpl,yl o/ ymi
Frnax = Mcyl.H/(x.¢e)[e=en,=LI]
A = h/t,
As,max = 39xEps
A = 035.hy/t,.(f/E)*
n = 07+035(f/f,)
Py = BSEN 1999-1-1 cl 6.2.6.2(b)
Vg = pyxhyxtyxf/ 3% x Awy)

Fixing design by others - through holes

Client to specify
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10 mm
24.00 mm
12.00 mm
26.83 mm

0.19 rads
89.53 mm
201.45 mm’
29.30 Nm

1.37 kN

29.33
48.75

0.49

0.99

0.80
17.74 kN
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Fixing group
Pullout resistance

Shear resistance

Moment resistance by row d, Arm

| - Bottom fixing 24mm

2 64mm

3 Omm

4 Omm

Dead load applied to bracket(s) Fv = Huy. DLy, = 0.56 kN
Lateral load applied to bracket(s) Fh = (from analysis) = 0.74 kN
Vertical moment applied to bracket Mv = Fv.LI = 39.29 Nm
Max pullout on top fixing Frimax = Mv/ sum[dn2 /dpax] + Fh/n = 0.91 kN
Max shear on fixing Fymax = Fv/n = 0.28 kN

Fixing to rail

Bearing capacity of 4.8mm dia fixing VRdrfix = = 2.25 kN
Number of fixings N, ix = = 2
Total resultant shear in fixings VEdsix = = 0.93 kN
Fixing utilisation = 21%
Overall worst case bracket result = 41%
Minimum number of dead fix brackets to achieve fixing = |
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Restraint fix bracket design

Geometry
Zone for rail and bracket zy = = 103 mm
Bracket to be checked: HH-Single70
Bracket height hy = = 88 mm
Thickness t = = 3 mm
Outstand leg length L = = 70 mm
Return leg length L, = = 40 mm
Bottom fold L; = = 0 mm
Material grade 6063-T6
Yield strength fo = = 160 N/mm?
Ultimate strength f, = = 195 N/mm?
Young's Modulus E,. = = 70000 N/mm?
Density D = = 2700 kg/m’
Material safety factors YMi = = 1.1

Ym2 = = 1.25
Buckling class BC = = A
Material strength parameter Eps = (250/f0)0'5 = 1.25
Gross properties
Area A, = = 264.00 mm?
Inertia about y axis Iy = = 17.04 em?
Inertia about z axis 1, = = 0.02 cm*
Radius of gyration in y axis iy = (I, / Ag)o‘5 = 25.40 mm
Radius of gyration in z axis i, = (I,/ Ag)o'5 = 0.87 mm
Distance to elastic neutral axis from edge of face Yec = = 1.50 mm
Distance to elastic neutral axis from base of bracket Zy = = 44.00 mm
Elastic modulus about y axis Wiy = |,/ max(zy; Dy - z,) = 3.87 cm’
Elastic modulus about z axis Wz = |,/ max(yg; Wi - ygo) = -0.13 cm’
Capacity for pullout due to wind suction Check back leg for bending
Plastic modulus of back leg W2 = hy. tbz /4 = 198 mm’
Moment capacity of back leg M rdr2 = WpI,L2 Ao/ Vet = 28.80 Nm
Pull capacity of bracket N raL2 = Merara/ (L. 0.5) - (t, / 2)) = 2.13 kN
Capacity for compression due to wind pressure Check outstand leg(s) for compression
Outstand leg effective section
Stress ratio of ends of the leg Y = (Uniform compression) = 1.00
Slenderness reduction n = (Uniform compression) = 1.00
Slenderness parameter of the stem Beia = nhy/t, = 29.33
Maximum slendernesses for section classification B1 = 3 xEps = 3.75

(EN 1999-1-1:2007 Table 6.2) B, = 4.5x Eps = 5.63
Bs = 6xEps = 7.50
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Ber > B3
Therefore, section is classified: CLASS 4
Determine effective section Cl = (EN 1999-1-1:2007 Table 6.3) = 10.00

C2 = (EN 1999-1-1:2007 Table 6.3) = 24.00

min{(CI/(B/Eps)) - (C2/(|3/Eps)2);

Pt = 120/(B/Eps)’} = 0.38
Effective thickness of outstand leg tefroLn = P Xty = 1.15 mm
Base fold leg effective section (if applicable)
Stress ratio of ends of the leg W = (Uniform compression) = 1.00
Slenderness reduction n = (Uniform compression) = 1.00
Slenderness parameter of the stem Btz =nlky/¢ = 0.00
Maximum slendernesses for section classification B1 = 3 xEps = 3.75

(EN 1999-1-1:2007 Table 6.2) B, = 4.5 x Eps = 5.63

B3 = 6 xEps = 7.50

Beus < Bl
Therefore, section is classified: CLASS |
Section is fully effective Cl = (EN 1999-1-1:2007 Table 6.3) = N/A

C2 = (EN 1999-1-1:2007 Table 6.3) = N/A

min{(C1/(B/Eps)) - (C2/(B/Eps)2);

Pets = 120/(B/Eps)*} = 1.00
Effective thickness of base fold tefr c,13 = Pz Xty = 0.00 mm
Shape properties
Effective area ActicLl = hy . tefreun = 100.99 mm’
Effective inertia about y axis lyeffeLi = = 6.52 em?
Effective distance to elastic NA from edge of face YeceficLl = = 0.57 mm
Effective distance to elastic NA from base of stem Zyceffc Ll = = 44.00 mm
Effective elastic modulus about y axis Wely.ell = /2y = 1.48 cm’
Flexural buckling
Effective length in y axis Le, = = 70.00 mm
Effective length in z axis Le., = = 70.00 mm
Relative slenderness in y axis Ay = Lecy X ((Ackrc / Ag) - (fox Eqy) )2/ (iy x Ty = 0.03
Relative slenderness in z axis A, = Le, X ( (Aerc X fo) / (Ag X E) %2 / (i, x ) = 0.76
Buckling plateau limit Ao = EN 1999-1 Table 6.6 = 0.10
Imperfection factor a = EN 1999-1 Table 6.6 = 0.20

by = = 0.49

b, = 0.86
Flexural buckling reduction in y axis Xy = 1/ (¢, + (¢y2 - }\yz)o.s) = 1.00
Flexural buckling reduction in z axis Xez = 1 (b, + (0 -A)™) = 0.80
Compressive resistance of the outstand leg(s) NprdLi = min[ Xey; Xez 1 - Aetrcrr - fo / Y = 11.78 kN
Fixing to substrate:
Fixing to: Fixing design by others - through holes
Fixing specification: Client to specify
Number of fixings: 2
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Fixing pullout resistance NRa fix = = 0.00 kN
Fixing shear reistance VRasix = = 0.00 kN
Fixing resultant load limit Fraifix = = 0.00 kN
Lateral load applied to bracket(s) Fh = (from analysis) = 091 kN
Client to specify fixing to suit loads below:

Pullout per fixing (ULS) Ny = Fh/n = 0.45 kN
Fixing to rail

Bearing capacity of 4.8mm dia fixing VR fix = = 2.25 kN
Number of fixings N, fix = = 2
Total resultant shear in fixings VEdix = = 0.91 kN
Fixing utilisation = 20%
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