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1 Basic Data
1.1 References

1.1.1 Norms and Standards

[1] BS EN 1990:2002, Eurocode — Basis of structural design.

[2] BS EN 1993-1, Eurocode 3 — Design of steel structures — Parts 1, 4 & 8.
[3] BSEN 1999-1, Eurocode 9 — Design of aluminium structures — Parts 1 & 4
[4] CWCT:2005, Standard for systemised building envelopes, Parts 2 & 3.

[5] CWCT TU14, Technical update on Load combinations.

1.1.2 Document Reference
[6] Lindner. D262-LFL-SW-TYP-CL-F-1401: Loads and load combinations.

[71  Wintech. Performance Specification for the Installation of Curtain wall. Rev. M, 24 October 2014.

1.1.3 Software
[8] Nemetschek. SCIA Engineer v.14.0. Structural Analysis & Design Software for Construction and Engineering.

1.2 Loads

The following loads are in accordance with load report [6].

1.2.1 Dead Load (D)
Selfweight of the framing profiles are generated by the software Scia [8].

1.2.2 Imposed/live load (L)

The most onerous of the following when combined with other loads in accordance with load report [6].

i Vertical load to internal ledges and horizontal members/surfaces

i Barrier horizontal loads

I . #$ % " g ' ((
) % " e («
% tore («
1.2.3 Wind load (W)
*%+ $

1.2.4 Thermal load

.- 5

o - + %-+) A
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2 Typical balustrade

2.1  Typical Detail

HANDRAIL: @50x3mm / EN AW-6060 T6

1300 (max) 1300 (max)

50

15 85 N5 WARIES| |20{ VARIES | [15 85

15|

1075
3

| 100 mm (max)

40

540

240

INFILL BARS: @15mm / EN AW-6082 T6

HORIZ. MEMBER: SHS50x3mm / EN AW-6060 T6 i

| clear opening

MULLIONS: 50x20mm / EN AW-6082 T6 |

HORIZ. MEMBER: SHS40x3mm / EN AW-6060 T6 I
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2.2 Members check

2.2.1 Handrail
12 3
1, )5#%53 6 +3 5

@50x3mm / EN AW-6060 T6
0 $6 78

1o $65% 3+ 5 #:

;)5 #$53 $<36$5+ 5 =

2.2.2 Mullion
> )
? 2@ #9$5 3A )B c
1, )5C5) C$ 5

Flat 50x20mm / EN AW-6082 T6
19 +5+5) 5+) ++# 5 $ .
; C5 8<35# 5+5)8+=

2.2.3 Check overall deflection
D E @ )A)B C+3
D ;o 3*+ 3 3# $:

2.2.4 Infill bars
12 $ %+) $3)
14 )5)5%3)% #)C$ 5

@15mm / EN AW-6082 T6
0 33 78

1 ¢ +5 335+) C 5 6$:
JE$3) ) C
;) 5$3)8 <$65# 5+) = $C #3:
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2.3 Type Flat Balustrade

Refer to structural analysis results in section 2.3.3.

2.3.1 Deflection check
;2 $3
@ )A)B )
2.3.2 Stress check to BS EN 1999-1-1

i Vertical members
12 F G 2 )6 + *

EN AW-6082 T6
Ghig )5+) +) *

ii Horizontal members
12 F G 2 36 C +
12 ?HI G 2HI +6 + +

EN AW-6060 T6
Gy $ +# +# *
GhHio $35% )$ #3 L
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2.3.3 Structural analysis — Type flat balustrade

. Project The Comiche, London
FEERRRRRRINEN  [een — BAL102 Type Flat
NEMETSCHEHK  [Descripton Aluminium - Welded assembly
Scia LT Ll EC - EN

1. Structural model

¥

1.1. Analysis model

112
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Project The Gomiche, London
LUCREEETEEN] [pen BAL02 Type i
MNEMETSCHEK Descripton Aluminium - Welded assembly
4 Mational code EC - EN
Scia
1.2. Materials
Hams Type Unit mass E mod Poisson - oo G mod Thermal axp
[kgym] [MPa] [MPa] [ mE]
EM-AW B0E0 TE | Aluminium Z70a.00 70000e+04 | 0.3 2.6823a+04 0.00
EM-AW E362 Te | Aluminium Z700.00 | Fo0Dde+Dd |03 2oE023e+04 0.00
1.3. Cross-sections
Mams Mi1|A [cmd] 10,00
Type Heciangle [ A v, z [emf] 8.33 833
Detailed 5 201y z fem'] 20,63 3.33
I=m mawerial EN-AW G082 Te|! w [cme], t [ome] 1.58 .85
Fabrication genersl [ wel y, Z jcm] 8.33 3.33
ke 20 FEM enalysis v | Wpl y, z [em] 12,50 5.00
dy, z [mm] 0 o
c YUCS, ZUCS [mm] 10 25
o [deg) 0.00
Mame Mz |A [omd] 177
Type Circle A y. z [cmd] 1.58 158
Detailad 15 |1y, z [cmf] 0.25 025
Hem maerial EN-AW 8082 Te|[Iw [cme], ¢t [cm] 0.00 050
Fabrication peneml [Wel y, z [cmf] 0.33 033
Use 20 FEM analysis + |wWpl y. Z [cm] 0.56 058
d y, Z [mm] 0 0
£ YUCS, ZUCS [mm] T B
o [dag] 0.00
Mame T1[A [cmf] 4.43
Typa Tube | & ¥, Z jcmd] 287 297
Detailed B 3l y, z femY 1208 12.28
hem maerial EMN-AW E060 TE [l w [em®], t [cm'] 0.00 23.86
Fabrication extrusion | Wel y. z [em?] 4.8 FET
—* [use 2D FEM analysis v [wpl y, z [cmf] B.E4 B.64
dy, = [mm] [i] 0
¢ YUCS, ZUCS [mm] 25 5
a [deg] 0.00
] Name Tz[ A [en] 554
z Type o[Ay, z [cmd 2.0 250
D tailed A0; 3; B 3|1y, z [em) 20.85 20.85
Iem material EN-AW BDE0 TE|I w [cm®], t [cm'] 0,04 30.68
o3 Fabrication extrusion | Wel y, z [cm?] B34 8.34
Use 20 FEM enalysis v | wWpl y, z [cmd] 0.5 9.95
d y. z [mm] [ o
v ¢ YUCS, ZUCS [mm] 25 75
o [deg] 0.00
Hame Ta[A [cmA] 564
Type OlAy z [enr] 382 1.78
Detailed T % 3% 3|0y z [ome] B.38 33.a2
lem maerial EN-AW E0G0 TE |1 w [em®], t [cm] 7.88 2067
Fabrication extrusion [ Wel y, z [cmf] 5.58 952
Usa 20 FEM enalysis v [Wpl y, z [cmd] E.53 1217
d y, z [mm] 1] 0
€ YUCE, ZUCE [mm] 35 15
a [deg] 0.00
13.05.2015 212
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Project The Gomiche, London
LIVTRRERETRID  [Pen BAL102 Type Flat
NEMETSCHEK Description Aluminium - Welded assembily
] Mational code EC - EN
Scia
i Hams= Ta| A [emd] 6.00
Type Rectangle A y, z [cmd] 5.00 5.00
Detailed HE 121 y. z [omY 12 50 072
Iem maserial EM-AW E060 Ta [l w [em®), t [cm] 116 244
|l . | Fabrication general | Wel y. z [cmA] 5.00 120
Uss 2D FEM analysis | wpl y, z [en?] 7.50 1.80
d y, 2 [mm] [ i)
© YUCS, ZUCS [mm] ] 25
a [oeq] 0.00
Hame T5| A [emd] 444
Type o[Ay, z [cml 23 2.3
Detailed 4 3 4 3|1y z fem) 10.20 10.20
lem material EN-AW BDED T&([! W [cm#], t [cmr] D104 1512
Fabrication extrusion | Wel y, Z [cm7] 510 510
Use 20 FEM analysis v | Wl y, z [cAP] 617 6.17
d y.  [mm] i [1]
¢ YUCS, ZUCS [mmj] 20 20
o [deq]) 0,00
Mame Mazszs | Surface | Volume
[ka] [m] [cmT]
Totel meuls 25.80 2.553 | 95B3.56
Mene rial Mass Surface | Unit velume mass | Volume
kgl [m=] [kg'm] [em]
EM-AW G080 T8 13.80 1.758 Zr00.00 | 514754
EM-AW &D82 T 12.00 0756 Zr00.00 | 4445.03
2. Loads [kN, kN/'m]
2.1. LC1 - D: Dead load
[ 13.05.2015 a1z

@
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BALACZ Type Flai
NEMETSCHEK Description Aluminium - Welded assembly

Scia Mational code EC - EN

Project The Comiche, London
l”l TEEERLITND  [een

2.2. LC2 - |: Imposed load

2.3. LC3 - W: Wind load

13.05.2015 41z
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BAL-102 Type Flat

The Comiche, London
Aluminium - Welded assembly

EC - EN

512]

15.05.2015 |

PASONNG l.._
...a,a.‘.ﬁ R\

AR
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Project
Pan

Mational code

Description

NEMETSCHEK

Scia

2.4. LC4 - T1: Thermal load - Summer

2.5. LC5 - T2: Thermal load - Winter

REGISTERED IN SWITZERLAND VAT REGISTRATION CHE-437.605.665
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Project The Gomiche, London
”ll U [ AL-ice Type Fis
NMEMETSCHEK Description Aluminium - Welded assembily
I Hational code EC - EN
Scia
2.6. Nonlinear combinations
Hame De scription Type Load cases Coafi.
-
MC101 [ (00 + (L) Serviceahility | | Gp - SeHweight 1.00
LC1 - D - Dead load 1.00
LCg - L - Imposedilive Load 1.00
NCio2 | (D) + (Wpl Sarviceabily | |Co - Seiweight 1.00
LC1 - D - Dead load 1.00
LC3 - W - Wind load Load -1.00
MC103 | D) + (Wsl Sarviceability | LCD - Soliweight 1.00
LC1 - O - Dead load 1.00
LCE - W - Wind load Load 1.00
NG211 | 1.35(0) + 1.5(L} + 075Wp) + 075(Ts) | UlSmeie LCO - Salweight 1.35
LG1 - D - Dead load 1.35
LG2 - L - Imposedilive Load 1.50
LCE - W - Wind load Load 075
LG4 - T1 - Tempermture Load, Summer 075
MC212 | 1.3s5(D) + 15} + 075Ws) + 075(Ts) | Ulimeie LCOo - Selweight 1.35
LC1 - D.- Dead load 1.35
LC2 - L - Imposedilive Load 1.50
LCa - W - Wind loed Load 075
LG4 - T1 - Temperature Load, Summer 075
MG213 | 1.35(D) + 15(Wpl + 08(Ts) Uitmaie LCO - Selfweight {45
LC1 - D - Dead load 1.35
LG5 - W - Wind load Load -1.50
LG4 - Ti1 - T rature Summer 0.80
MNCz14 | 1.3s(D) + 1.50Ws) + 0.8(Ts) Ultimzis LCO - Seltwsight 135
LC1 - D - Dead load 1.35
LC3 - W - Wind Ioed Load 1.50
LG4 - T1 - Temperature Load, Summer 0.80
MNC221 | 1.35(0) + 15(L} + 075Wp) + 075(Tw) | Ulimate LSO - Selwsight 1.35
LC1 - D - Dead load 1.35
LC2 - L - ImposedLive Load 1.50
LCa - W - Wind loed Load 075
LOS - T2 - Temperature Load, Winder 075
MCza2 | 1.35(0) + 15 + 075MWs) + 07s(Tw) | Ulimeie LCO - Solfweight 1.95
LC1 - O - Dead load 1.35
LC2 - L - Imposedlive Load 1.50
LC3 - W - Wind load Load 075
LCS - T2 - Temperature Load, Winder OF5
MC2e3 | 1.35(0) + 1.50Wp} + 0.B(Tw) Ultimeie LCO - Seliwsight 1.35
LC1 - D - Dead load 1.5
LC3 - W - Wind loed Load -1.50
LCS - T2 - Temperature Load, Winter 0.80
MCza4 | 1.35(0) + 1.50Ws)l + 0.8(Tw] Litimede LCO - Salfweight 1.35
LC1 - D - Dead load 1.35
LCs - W - Wind loed Load 1.50
LGS -T2 - T rature Winder 0.80
NC231 [ 1.35(D) + 1.5{Tg] Ultimaie LCO - Selfweight 1.35
LC1 - O - Dead load 1.35
LG4 - T1 - Temperature Load Summer 1.50
NC232 [ 135000 + 1.5(Tw) Ulimaie LCD - Salfweight 1.35
LG1 - D - Dead load 135
LGS - T2 - Temperature Load, Winder 1.50
2.7. Result classes
HName List
Seanvicaability NC101
NC102
NC103
UHimale MC211
NCz2i12
NC213
MNC214
13.05.2015 &2
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Project The Comiche, London
HETTRRIRLINE] [Pam BAL-102 Type Flat
NEMETSCHEK Description Aluminium - Welded assembiy
S : Mational code C - BN
cla
MHame List
Uttimaie sl
MCzz2
MNCz23
MC234
NCz31
MGz3z
3. Calculation protocol
Calculation prowoco
Honlinear calculation
Mumber of 20 elements 1
Mumber of 10 elements 157
Mumber of mesh nodes 134
Mumber of eguations 504
Meximum iemtions 50
Number of incements 2
Type of nonlinearity Il. order
local nonlinearities
Method {Il. onder} Mawton-Raphson
Bending theary Mindlin
Mo. of combination Btart End Mo. of femtions
NC 1 26.05.3015 14:02 26053015 14:02 4
NG 2 26053015 14:02 28052015 14:02 &
NG 3 26.05.3015 14:02 26052015 14:02 4
NG 4 26052015 14:02 26.052015 14:02 3
NG 5 26.05.3015 14:02 26.05.2015 14:02 -]
NC 8 26.05. 3015 14:02 26.05.3015 14:02 5
NG 7 268053015 14:02 26.05.2015 14:02 5
NG 8 26.05.2015 14:02 26052015 1402 5
NG 3 26.05230M5 14:02 260523015 14:02 5
HC 10 26.053015 14:02 26.05.2015 14:02 5
NC 11 26.053015 14:02 26.05.3015 14:02 5
NG 12 26.052015 14:02 26052015 14:02 5
MG 13 26.05.3015 14:02 26.05.2015 14:02 5
Sum of lpads and reactions.
TRA] X i L
Monlinear combinafion 1 Toads 0.0 14 [-18
meactions in nodes 0.0 14 iB
reactions on lines 0.0 oo oo
contact 1D oo 0.0 0o
contact 20 0.0 0.0 0.0
Monlinear combinafion 2 Inads o0 (45 |18
reactions in nodes 0.0 0.5 1.8
reactions on lines 0.0 o oo
comtact 1D oo 0.0 oo
contact 20 oo 0.0 n.o
Monlinear combination 3 Inads 0.0 20 o4
meactions in nodes (00 |20 |-04
reactions on lines 0.0 0.0 oo
contact 1D oo 0o 0.o
contact 20 oo 0.0 0.o
Monlinear combination -4 loads ) 40 |20 |-
reactions in nodes | 0.0 20 11
reactions on lines oo oo oo
contact 1D 0.0 0.0 0.0
contact 20 oo 0.0 n.o
Monlinear combination 5 Ineds o0 (36 |29
reactions in nodes (0.0 3.8 28
reactions on lines 0.0 0. oo
contact 1D 0.0 0.0 oo
contact 20 oo 0.0 0o
Monlinear combination & Inads 0.0 3 o0&
reactions in nodes oo |31 -08
mactions on lines oo 0o oo
contact 10 0.0 0.0 oo
contact 2D oo 0.0 oo
Nonlinear combination 7 Ineds oo (31 |18
reactions in nodes (0.0 31 iB
meactions on lines 0.0 0.0 oo
contact 1D oo 0.0 oo
contact 20 oo 0.0 0o
|| Nonlinear combination 8 Inads 40 |05 -8
13.05. 3015 72
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Project The Comiche, London
HITRRRERLIRN]  [Pem BAL10z Type Flat
NEMETSCHEK Descripton Aluminium - Welded assembly
S 1 Mational code EC - EN
cla
Calculation prowcol
[RA] & i £
reactions in nodes 0.0 0.5 1.8
reactions on lines 0.0 oo oo
contact 1D 0.0 0.0 o.o
contac: 20 0.0 0.0 0.0
Nonlinear combination 9 loads o0 |-3E |28
reactions in nodes | 0.0 36 28
reactions on lines 0.0 0.o oo
comact 1D 0o 0. oo
contace 20 0.0 0.0 0.0
Nonlinear combination 10 | loads 0.0 a1 0E
reactions in nodes 0o (-3 -08
reactions on lines 0.0 oo oo
contact 10 0.0 0. 0.0
contact 20 0.0 0.0 0.0
Nonlinear combination 11 loads 0o |31 18
reactions in nodes | 0.0 ad 1B
reactions on lines 0.0 0.0 oo
contact 1D 0.0 0.0 oo
contact 20 0.0 0.0 0.0
Monlinear combination 12 | losds 0.0 0.0 -05
reactions in nodes 0.0 00 |05
reactions on lines 0.0 oo oo
contact 10 0.0 0.0 0.0
contact 20 0.0 0.0 0o
Nonlinear combination 13 | loads 0.0 0.0 -05
reactions in nodes | 0.0 40 |0s
reactions on lines 0.0 0. oo
comtact 1D 0.0 0.0 0.0
contact 2D 0.0 0.0 0.0
4. Deflection
4.1. Deformations on member; uz: NC101
13.05. 2015 a2
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Project The Comiche, London
FIERRRIRENnNl  jpen BAL 102 Type Flat
Description Aluminium - Welded assembly
NEMETSCHEK
Sﬁia Matipnal code EC - EN

5. Member code check

5.1. Stress; von Mises: Vertical members

Monlinear calculefion, Extreme : Global

Selection : All

MNonlimear combinafions : MC211

Cross-section : M1 - Rectangle (50; 20)

Values : Nomnal -, Mommal +, Shear, von Mises, Fafigue, Kappa, Sigma Y

Member | Case dx | Narmal - | Marmal + | Shear | von Mises | Famgoe | Kappa
[} [MPa] [MPa] [MPa] [MPa] [MPa] H
B1z0 NC211 0.455 -B82 [T 5B.2
Bizo NC211 0.455 580 58.0 0.0 1.00
Bizo NC211 1.025 43 -4.3 o0 1.00
Bizo NC211 0.455 58.0 o0 5.0
B NC211 0.000 1.1 1.1 00 1.1
Bog NC211 0.782 0.0 a9 B4
Beg NC211 0.000 1.4 1.1 0.0 1.00

Monlinear calculsfion, Extreme - Global

Salection : All

Monlinear combinafions : MC211

Cmss-section : M2 - Circle (15)

Values : Momal - Momal +, Shear, von Mises, Fafigue, K=ppa, Sigma Y

Member Casa ax Maommal - | Mormal + Shear | vom Mises | Fatigue
fm] | [MPa] MPa] | [MPs] | [MPa] | [MPa] | F

B114 NC211 0003 -16.8 B 168

Bimw NC211 0.000 168 16.6 [HE) 1.00
B1i4 NC211 0.485 £.3 -6.3 o0 1.00
Bior HNC211 0000 168 (1113 16.8

B10d NC211 0.000 1na 1.2 o0 1.0
Bioa NC211 0.061 47 18 56

Bi03 NC211 0000 11.2 112 1T 11.5

13.05.2015 g2
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Project The Comiche, London
”ll IILEELLENn [Pam BAL102 Type Flai
NEMETSCHEK Description Aluminium - Walded assembly
i National code EC - EM
Scia
£.2. Stress; von Mises: Horizontal members
Nonlinear calculafion, Exireme : Global
Selection : Al
Manlinear combinafions : MC211
Cross-gection : T1 - Tube (50; 3)
Values : Nomnal - Momal + Shear, von Mises, Fafigue, Kappa, Sigma Y
Member Case dx Mormal - | Mormal « | Shear | von Mises | Fatigue | Kappa
[m} [MPa] [MPa] [MPa] [MEa] [MPa] ]
Biaz MNC211 0.464 -146 27 153
Bi30 MG211 0.474 146 146 o 1.00
Biaz HC211 0.000 £.3 -B.3 L1 1.00
Bi30 HNC211 0.474 146 27 153
Biao MNC211 0,005 -4.4 -4.4 [111] 100
Bi30 NG211 0000 08 52 81
Biaz HC211 0.515 -14.8 29 15.4
Bi30 NC211 0.000 =44 -4.4 33 T2
Manlinear calculefion, Exiremne : Global
Selaction - All
Monlinear combinafions : MG211
Cross-section : T2 - O (80; % 50; 5)
Values : Nomal -, Momnal +, Sheer, von Mises, Fabigue, Keppa, Sigma ¥
Member Case ax Mormal - | Mommal + Shear | von Mises | Fatigoe Kappa
[mi] [MPa] [MPa] [MPa] [MPa] [MPa] H
B9 HGC211 0.353 -1.6 [ 16
Bi29 MNG211 0,000 na 04 o 1.00
=] MNC211 0.933 -16 -16 (111] 1.00
Bi2g NC211 0.533 25 oo 25
Bor HC211 0.000 07 07 L1 100
Ba7 MG211 0,000 0.3 34 B0
=] MNC211 0.9353 1.5 34 B.1
Ba7 MNG211 0,003 0.7 0.7 o oy
Monlinear calculefon, Extreme : Global
Selection - All
MNonlinear combinafions : NC211
Cmss-section : T3 - O (70; 3 30; 3
Values : Nomnal -, Momnal +, Shear, von Mises, Fafigue, Keppa, Sigma Y
[ 13.05.2015 1012
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Project The Comiche, London
PECRRRVRENRED  [Pam BAL-102 Type Flat
MNMEMETSCHEK Description Aluminium - Welded assembly
1 Mational code EC - EM
Scia
Mamber | Case [ Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[m] | [apa] [MPa] | aPa) | [MPs] | paPa) |
Bi2a MC211 0.000 -3.B og 8]
Bea MC211 0.933 25 25 00 1.00
Biza NG211 0.000 -a.4 -34 L L] 1.00
Bed NC211 0.933 2.5 0 25
Be3 NC211 0.000 0B 0B oQ 1.0
Bed NC211 0.000 0B 03 o7
== MC211 0.000 0B -0.E oD 0B
Monlinear calculsfion, Extreme : Global
Selection : All
Monlinear combinaficns : NC211
Cmss-section : T4 - Feclange (50 12)
Values : Nomnal -, Nomal +, Shear, von Mises, Fafigue, Wappa, Sigma ¥
Member | Case x Mormal - | Mormal « | Shear | vom Mises | Fasigue | Kappa
[m} [MPa] [MPa] [MPa] [MFa] [MPa] [ ul]
Bi00 MC211 0103 -39 (L] 8o
Bio2 MG211 0. 103 24.8 248 o 1.00
B0 NC211 0.100 -28.7 -26.7 o0 1.00
Bi0a MNC211 0.100 36T oD 3BT
Bio00 MCz11 0.000 1B -1.6 o0 1.00
B1oo MC211 0.000 -18 a7 48
B100 NC211 0.000 -1.B -1.6 [rEi) 1.6

6. Factored reaction forces

Bl
P
[
\0%'.
0y
Fa
18]
] o~
i R : & ]
X |
B
Nonlinear calculsfion, Extreme : Global
Salection : Memed selection - Support - base
Clazz : Ulimae
HAotated supporis
Suppon Cass Rx Ry Rz Mz My Mz
k] [t [kM] [kNcm] [kMcm] [kNcm]
Snifb1a2 MNC2a2 -014 0.00 0.a7 0o 0.00 0.0
SnifMia2 NC231 0.35 .00 018 0,00 0.00 0.0
Snahz3a MG 0.00 -1.34 013 0o 0.00 0.0
SnaM23d NC2i4 0.00 0.45 0.68 0.00 0.00 0.00
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Project The Comiche, London
I [pan BAL 1oz Type Flai
NEMETSCHEK Description Aluminium - Welded assembly
i Mational code EC - EM
Scia
Suppon Casa RX Ry RE Mx My [T
[kh] [kh] [] [kNcm] [khcm] [kNcm]
SnaMz34 MNC223 0.00 045 -0.25 0.00 0.00 0.OT
SniM1a2 NC212 01E 070 1.25 0.00 0.o0 00D
SnifMiaz MWC211 047 -0.60 1. 0,00 0.00 0.00
Monlinear calculafion, Extrems : Global
Selection : Mamed selection - Support - strut
Clazs : Ulimae
HAotated suppors
Supporn Case Rx Ry Rz Mx Ny Mz
[kH] [kH] [kH] [kNcm] | [kNcm] | [khcm]
SnisMiee | MNC231 -0.32 0.05 oo 0.00 0.00 0.00
SniaMies | MC23i 0.2 -0.068 o2 0.0 0.0 0.00
Sni4Mier | MC2i3 015 -1.44 .18 0.0 0.0 0.00
BniaMieT | MCz212 o1 3.00 024 0.0 0.0 0.00
SniaMies | MC212 010 1.43 058 0.00 0.00 0.00
SniaMies | MC211 010 084 050 0.0e 0.00 0.00
13.05.2015 1212
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2.4  Type J Balustrade

Refer to structural analysis results in section 2.4.3.

2.4.1 Deflection check
V2 3C
@ )A)B )
2.4.2 Stress check to BS EN 1999-1-1

i Vertical members
12 F G 2 )6 C *

EN AW-6082 T6
Ghig )5+) +) *

ii Horizontal members
12 F G 2 )$ *
12 ?HI G 2HI 6 # +

EN AW-6060 T6
Gy $ +# +# *
GhHio $35% )$ #3 5
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2.4.3 Structural analysis — Type J balustrade

NEMETSCHEK |Descripton

”l FHEERENEND  [Pan

Project The Comiche, London
BAL-102 Type J

Aluminium - Welded azsembly

EC - EN

Scia e

1. Structural model

1.1. Parameters

1.2. Materials

Az

MHams T'"]E Unit mass E mod Poisson - nu G mod The rmal axp
[kg/m?] [MPa] [MFa] [m/m]
EN-AW G060 16 | Aluminium 2700.00 | 7.0000e+D4 |03 7 6a236+04 0.00
EN-AW 6062 T& | Aluminium 270000 | 7.00008:04 |03 2.60238+04 0.00
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Project The Comiche, London
l”I HHEEEENTNT  [Pam BAL102 Type J
NEMETSCHEK Description Aluminium - Welded assembly
i Mational code EC - EM
Scia
1.3. Cross-sections
. Mams M| A [ome] 10,00
Type HRectangle | A y, z [em®] 8.33 8.33
Detgiled 50 Zz0[1 y, z [enr] 2063 3.33
Iem material EN-AW 5082 Te|! w [cmf], t [omd] 353 8.85
Fabrication genarel [ Wel y, z [cm?] 8.33 333
Use 2D FEM analysis v wpl y, z [em?] 12.50 5.00
d y. z [mm] 0 0
¢ YUCS, ZUCS [mm] 12 25
o [deq] 0.00
Hame Mz & fem? 177
Type Circle |A ¥ 2 [cmF] 1.58 1.58
Detailed 5]l y, z [cm'] 0.25 [
Hem maierial EN-AW s0EZ2 Te |l w [cme], & [cm'] 0.00 050
Fabrication peneml | Wel y, z [cmT] 0.33 033
Uge 2D FEM amalysis * |Wp ¥, z [omT] 0.56 058
d y,  [mim] a o
© YUCS, ZUCS [mm] 7 8
a _[deg] 0.00
Hame T1[A [cnF] 4.43
Type Tube [A y, = [emf] 2.87 297
Detailed 5 afuy, z e 1228 12.28
hem maderial EN-AW EOGD TE (1 w [em®], t [cm'] 0.oo 23.86
Fabrication extrusion | Wel y. z [cm?] 481 4.9
Use 20 FEM analysis ¥ [wpl y. z [cm7) E.64 B84
dy, z [mm] 0 0
¢ YUGS, ZUCS [mm] 25 25
o [deg] 0.00
Hame Tz[A [en] 554
Type OfA y z Jemf] 2.30 230
D tailad 50; 3; 5 3|1y z [em] 20.85 20.85
tam matarial EM-AW B0BO TE|I w [cmf], t [cm®] ooa 30.68
Fabrication extrusion | Wel y, z [cm] B34 B34
Use 20 FEM analysis ¥ |Wpl y, Z [cAF] 035 8.95
dy. z [mm] 0 0
¢ YUCS, ZUCS [mm] o5 o5
a [deg] 0.00
Nama Ta[A [cmA] 564
Tvpe Ola Yy, z [emi ez 1.78
Desailed T & 30 3|l ¥ = [ome] B.38 33.32
lam material EN-AW 060 TE |1 w [ems], t [cmf] 7.88 20.67
Fabsication exirusion | Wel y, z [omf] 558 .52
Use 20 FEM analysis « | Wpl y, z Jemd] BE.53 12147
d y, z [mm] ] [
¢ YUCE, ZUCS [mm] 35 15
a [deg] 0.00
i Hame Ta] A [cmf] 6.00
Typ2 Reciangle | A ¥, Z [cmf] S0 500
Desailed 5 12[1 g z [em] 250 072
Iem_ maerial EM-AW E060 TE |1 w [em®l t [cm'] 1.18 244
_+ | Fabricasgion general [ Wel . z [omd] 5.00 130
Use 2D FEM analysis | wpl y, z [em] 750 180
d y, z [mm] 1] [
© YUCS, ZUCS [mm] 8 a5
o [deg] 0.00
[ 13.05.9015 EE
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Project The Comiche, London
[”1 LT e S
NEMETSCHEK Description Aluminium - Welded assembly
’ Mational code EC - EN
Scia
MName T5| A [omd] 4.42
Type oAy z [cma] 23 EE]
De wiled 40; 3; 40 3|01y, z femY 10.20 10.20
lkem mabarial EM-AW BOBD Te|1 w [cmf], t [cme] 0oL 15.12
Fabrication extrusion [ Wel y, z [cmd] 510 5.10
Use 20 FEM analysis v |[Wpl y, z [cAF] 617 617
d y, z [mm] o [
¢ YUCS, ZUCS [mmi] 20 20
o [deq] 0.00

Mame Mass | Surface | Volume
ko] [m?] [em?]
Total meults : 5123 5118 | 18874.20
Mae rial Mass | Surface | Unit volume mass | Volume
[ka] [me] [ep'm] feme]
EMAW B080 T 28.07 5.549 270000 | 1089577
EN-AW BD82 Ta 23.18 1.570 2700.00 8576.43

2. Loads [kN,

kMN/m]

2.1. LC1 - D: Dead load
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METAL BALUSTRADES 23 of 57
Projact The Gomiche, London
FEERRERERRLRND  [Pem uEﬁL-m:ZT';'peJ
MEMETSCHEK [Descripion Aluminium - Welded assembly
I Mational code EC - EM
Scia

2.2. LC2 - I: Imposed load

7{ =

2.3. LC3 - W: Wind load

;{__ =030
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SAMPLE PROJECT IN LONDON

METAL BALUSTRADES

BAL-1D2 Type J
Aluminium - Welded asssmbly

The Comiche, London

Project
Pamn

Descriphon

Hational code

NEMETSCHEK

Scia

24.LC4 - T1:

Thermal load - Summer

2.5. LC5 - T2: Thermal load - Winter

s12]
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Project The Comiche, London
[”I THHERETRED  [Pem BAL-102 Type J
NEMETSCHEK Description Aluminium - Welded assembly
] National code EC - EN
Scia
2.6. Nonlinear combinations
Hame Description Type Load cases Coeff.
H
MG [ (D + (L Serviceabily | LCo - Selfweight 1.00
LC1 - O - Dead lpad 1.00
LC2 - L - Imposedlive Load 1.00
MCioz | (D + (Wp Serviceahility | LCo - Seffweight 1.00
LCH - D - Dead lpad 1.00
C3 - W - Wind loed Load -1.00
NC10a | (D + (Ws) Serviceability | LCo - Selfweight 1.00
LC1 - D - Dead lpad 1.00
LGS - W - Wind load Load 1.00
MNC211 | 1.35(0F + 18} + 075Wp) + 075(Ts) | Uimaie LCO - Seffweight 1.35
LC1 - D - Dead lpad 1.35
LGz - L - Imposedlive Load 1.50
LCa - W - Wind load Load 075
LG4 - T1 - Termnperature Load, Summer 0TS
MC212 | 1.35(D) + 151 + 075Ws) + 0.75(Ts) | Ulimate LCO - Selfeaight 1.35
LGt - D - Dead lpad 1.35
G2 - L - Imposedlive Load 1.50
LCE - W - Wind load Load 07s
Cd4 - T1 - Temperature Load, Summer 0TS
MC213 | 13s5(0) + 1.50Wp) + 0.9(Ta) Ultimzie LCO - Selfweight 145
LC1 - D - Dead lpad 1.35
LG5 - W - Wind load Load -1.50
LG4 - T1 - Termnperature Load, Summer 0.50
NC2i4 | 1.35(0) + 1.50Wsl + 0.8(Ts) Ultimaie LCD - Sefweight 1.35
LGt - D - Dead lpad 1.35
LG - W - Wind loed Load 1.50
LC4 - T1 - Temperature Load, Summer 0.00
NGea1 | 1.35(0) + 1.5l + 075Wp) + 075(Tw) | Ulimate LCO - Seffmeight 1.35
LC1 - O - Dead lpad 1.35
G2 - L - Imposedlive Load 1.50
LC3 - W - Wind load Load 075
C5 - T2 - Temperature Load, Winer 075
MCzaz | 1.35(0) + 1.5l + 075MWs) + 0.75(Tw) | Ulimee LCO - Salweight 1.45
LC1 - D - Dead lpad 1.35
LC2 - L - Imposedlive Load 1.50
LC3 - W - Wind load Load 0TS
LCS - T2 - Temperature Load, Winier 0TS
MC223 | 135000 + 1.50Wp) + 0.B(Tw) Ultimaie LCO - Sefweight 1.35
LC1 - D - Dead Ipad 1.35
LCE - W - Wind load Load -1.50
LGS - T2 - Temperature Load, Winer 0.90
MCz24 | 1.35(0) + 1.50We) + 0.8(Tw Ultimeie LCO - Selfweight 145
LC1 - D - Dead Ipad 1.35
LG5 - W - Wind load Load 1.50
LCE - T2 - Tempersture Load, Winder 0.80
WCz231 | 135000 + 1.5(Ts) Liigimate LCO - Selfweight 1.35
LC1 - D - Dead lpad 1.35
LC4 - T1 - Temnperature Load, Summer 1.50
¥Czsz | 1.35(0) + 1.5(Tw) Llitimate LCO - Seltweight 1.35
LC1 - D - Dead lpad 1.35
LGS - T2 - Temperature Load, Winder 1.50
2.7. Result classes
Hame List
Sanviceability MNC101
NCio2
NC103
Uitimate NC211
MC212
MC213
NC214
[ 13.05.2015 a1z
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Project The Comiche, London
FHERRREELERND  [Pam BAL-102 Type J
NEMETSCHEK Description Aluminium - Welded assembly
S i National code EC - EM
cla
Hame Lisi
JHimaie MGz
MCzz2
NGz
MCz24
MNC231
MCzaz
3. Calculation protocol
Calculation protocol
Honlinear calculation
Mumber of 20 element= [1]
Number of 10} elemants 542
Number of mesh nodes 430
Mumber of eguafions 2840
Maximum femstions 50
Number of incements 2
Type of nonlinearity Il. order
local nonlinearities
Meathod {Il. order) Mawton-Raphson
Bending theory Mindlin
Mo of combinafion Start End Mo, of femtions
NG 1 26.05. 3015 14224 2B8.05.3015 14:24 4
NG 2 26052015 1424 26.05.3015 14224 5
NG 3 26.05.2015 14:24 26.05.2015 14:24 4
NG 4 26052015 1424 268053015 1424 4
NC 5 26053015 1424 26.05.3015 14:24 5
NC & 26.05.201% 1424 26.05.2015 14:24 =]
NG 7 26.05.2015 14:24 26.05.3015 14224 5
NC 8 26052015 1424 26.053015 14:24 5
NC 5 26.05. 2015 14:24 26.05.3015 14:24 5
NG 10 26052015 14224 28.05.3015 14224 5
NG 11 26.05.2015 1424 26.052015 14:24 5
NG 12 2605205 1424 26.05.3015 14:24 5
NC 13 26.05.3015 14:24 26.05.3015 14:34 5
Sum of loads and reactions.
TRI] X i L
Nonlinear combinaficn 1 Toads 1.1 20 [-Z0
ractions in nodes | -1.1 20 20
reactions on lines 0.0 oo oo
contact 10 0.0 0.0 0.o
contact 20 0.0 0.0 n.o
Monlinear combination 2 loads 0.4 a8 |[-18
reactions in nodes 04 |08 1B
mactions on lines 0.0 oo oo
contact 10 0.0 0.0 0.0
contact 20 0.0 0o 0.0
Wonlinear combination 3 loads 16 |28 E:]
meactions in nodes 1.6 28 |-08
ractions on lines 0.0 0.0 o.o
comtact 10 0.0 0.0 0o
contact 20 0.0 0.0 n.o
Monlinear combinafion & Inads _ ) 18 28 |23
mactions in nodes  [-16 |28 23
reactions on lines oo oo oo
contact 10 0.0 0.0 0.0
contact 20 0.0 0.0 oo
Nonlinear combination 5 loads 28 52 |-42
rmactions in nodes 28 |52 42
reactions on lines 0.0 0. oo
contact 1D 0.0 0.0 Do
contac: 20 0.0 0.0 0.0
Monlinear combination & Inads 24 4.4 13
reactions in nodes 24 44 |-13
reactions on lines 0.0 o oo
contact 10 0.0 0.0 n.o
contact 20 0.0 0.0 0.0
Nonlinear combination 7 loads 2.4 44 |-5.4
reactions in nodes 24 |44 34
reactions on lines 0.0 0. oo
comtact 1D 0.0 0.0 Do
contact 2D 0.0 0.0 0.0
|| Monlinear_combination 8 | ioads 04 |08 |18
[ 13.05.2015 M2
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Project The CGomiche, London
FITRRRERNLRND [rem ALz Type J
MNEMETSCHEK Descripton Aluminium - Welded assembly
S 1 Mational code EC - EN
cla
Calculaton prowncol
jiadi| 5 i £
reactionz in nodes 0.4 0.8 1.8
mactions on lines 0.0 0.0 oo
contact 10 0.0 0.0 oo
contact 2D oo 0.0 oo
Nonlinear combination 9 loeds 24 52 |-42
ractionz in nodes -28 5.2 4.2
mactions on lines 0.0 0.0 oo
comtact 1D 0.0 0.0 oo
comact 20 0.0 0.0 0.0
Nonlinear combinafion 10 | loads 24 |44 13
mactions in nodes 24 4.4 -13
mactions on fines 0.0 0.0 oo
contact 10 0.0 0.0 oo
comact 2D 0.0 0.0 oo
Monlinear combination 11 loads 2.4 44 |-54
mactionz in nodes 24 4.4 34
meactions on fines 0.0 0.0 oo
contact 1D 0.0 0.0 0.0
comact 2D a.o 0.0 oo
Nonlinear combination 12 | loads 0.0 0.0 -0
mactions in nodes -00 |00 1.0
macfions on fines 0.0 0.0 oo
contact 10 0.0 0.0 oo
contact 2D 0.0 0.0 0.0
Nonlinear combination 13 | losds 0.0 0.0 -10
mactions in nodes 0.0 0.0 i0
reactions on fines 0.0 0.0 o.o
contact 1D 0.0 0.0 0.0
contact 2D 0.0 0.0 0.0

4. Deflection

4.1. Deformations on member; uz: NC101
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Project The Comiche, London
T feen BAL-102 Type J
MEMETSCHEK Description Aluminium - Welded assembly
Scia Mational code EC - EN

5. Member code check

5.1. Stress; von Mises: Vertical members

Monlinear calculzfion, Extreme : Global

Sedection : Al

Monlinear combinations : NC211

Cross-section © M1 - Rectangle (B 20)

Values : Nomnal -, Momal +, Shear, von Mises, Fafigue, Keppa, Sigma Y

Member | Casa dx Mormal - | Mormal + | Shear | von Mises | Fasgoe | Kappa
[m] [MPa] [MPa] [MPa] [MPa] [MPa] El
B4 MCz11 0.540 -589 o 5RO
B4 NC211 0.540 5BE 5BE LT+ 1.00
B4 NC211 1.025 221 -224 ol 1.00
Ba MC211 0540 5BB L111] 588
B3 MC211 0,000 o1 o1 [111] 01
Bs NC211 0.752 o1 4.4 T
B3 MWC211 0.000 o4 o1 [1T:1] 1.00

Monlinear calculafion, Exirems - Global

Selection : All

Monlinear combinaions : NC211

Cmss-=ection © M2 - Circle (15)

Values : Momnal - Momnal +, Shear, von Mises, Fafigue, Keppa, Sigma ¥

Member | Case dx | Mormal - | Mormal + | Shear | von Mises | Fatgue | Kappa
fm} [MPa] [MPa] [MPa] [MPa] [MPa] El
BaT NCz11 0.000 248 01 B
Bas4 NCz11 0.000 155 155 oo 1.00
831 NC211 0.000 3.3 133 oo 1.00
Ba7 NCz11 0.000 248 o 248
814 NC211 0.000 12.6 12.6 oo| 100
821 NCz11 0.000 131 19 135
814 NC211 0.000 12.8 12.8 03 12.8
[ 13.05.2015 FRE
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Project The Comiche, London
FEERREVRRTRED  [Pem BAL-1D2 Type J
NEMETSCHEK Description Aluminium - Walded assembly
S 3 National code EC - EN
cla
£.2. Stress; von Mises: Horizontal members
e
=+
)
TN
[ L
- 1 b %
1 |95 .\\.
-
| - =5
——d < = —_— -
- —— ]
. B = - 6.
o _ )
o B 40
-
(L
{2 ©
X
Nonlinear calculafion, Exireme : Global
Selection : Al
Manlinear combinafions : MC211
Cross-gection : T1 - Tube (50; 3)
Values : Nomnal - Momal + Shear, von Mises, Fafigue, Kappa, Sigma Y
Member Case dx Mormal - | Mormal « | Shear | von Mises | Fatigue | Kappa
[m} [MPa] [MPa] [MPa] [MEa] [MPa] ]
Bias MNC211 0.5688 -14.4 14 14.6
Bi31 MG211 0.454 180 150 o 1.00
Bi3a HC211 0.869 T4 -T4 L1 1.00
Bi3s HNC211 0.000 160 148 16.3
Bi3 MNC211 0,003 -5 -3.5 [111] 100
Bi3a NG211 0.885 -10.7 6.0 15.0
Bi3a HC211 0.865 1687 57 1B.5
Bi3 NC211 0.000 =35 -5 33 6.6
Manlinear calculefion, Exiremne : Global
Selaction - All
Monlinear combinafions : MG211
Cross-section : T2 - O (80; % 50; 5)
Values : Mommal - Momnal +, Shesr, wvon Mises, Faiigue, Keppa, Sigma Y
Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[m] [MPa] [MPa] [MPa] L [MPa] H
Bio HGC211 0.000 -152 [ 162
Bio MNG211 0,000 152 152 o 1.00
Bio MNC211 0.5688 -114 -11.4 (111] 1.00
Bi0 NC211 0,000 152 oo 152
B& HC211 0.000 23 2.3 L1 100
Be MG211 0.5687 23 a7 BB
BE NC211 0,003 23 2.3 111 243
MNonlinear calculefion, Exireme : Global
Selection : All
Monlinear combinafions : NC211
Cmss-mection : T3 - O {70 ¥ O 3
Valuez : Mopmnal - Momal + Shear, von Mises, Fatigus, Kappa, Sigma Y
[ 13.05.2015 1012
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Project The Comiche, London
FECRRRERRTRED  [Pam BAL10z Type J
NEMETSCHEK Description Aluminium - ‘Welded assembly
7 National code EC - EN
Scia
Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[m] [MPa] [MPa] [MPa] [MPa] [MPa] EH
Bo NG211 0.383 -41.7 [T Fr ki
Bz NG211 0.383 18 218 oul 1.00
Bo NC211 0.868 -20.1 -2 o 1.0G
Be HNG211 0.363 36T o 36T
81 MNG211 0.000 -1.B 18 [111] 1.00
Bz NG211 0150 -b.d TA 134
Bi NG211 0003 -1.B -1.8 0.0 1.6
Monlinear calculefion, Extreme : Global
Selection = All
Monlinear combinations : NG211
Cmess-section : T4 - Reclangle (50 12)
Values : Nomal -, Nomal +, Shear, von Mises, Fatigue, Kappa, Sigma ¥
Mamber | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[m] [MPa] [MPa] [MPa] [MPa] [MPa] H
B4z HG211 0. 100 -Gb.4 [ ] 654
B4z MG211 o100 523 523 o 1.00
Bs2 NG211 0100 -51.2 -51.2 0D 1.00
B4g NG211 0. 100 60.2 [114] ED2
B4s HG211 0.000 0.6 0.6 00 1.00
Bso MG211 0.000 AT 120 208
B48 NG211 0.000 0.6 -ILE 0 0.6

6. Factored reaction forces

6.1. Reactions @ Base Support: ULS Envelope

Monlinear calculefion, Extreme : Global
Selection : Named selaction - Support - base
Class : Ulimae

HAotated suppors
Suppon Case Rx Ry Rz Mx My Mz
[kH] [kN] L] [kHcm] | [kWcm] | [kbcm]
SnaN10 NCz3z -0.x o.om Q15 0.00 0.00 0.00
SnaN10 NGz31 0.99 004 Loy 0,00 0.00 0.00
SnsNE NG211 Q.00 -1.19 003 0.00 0.00 0.00
SnpaMass | NCz24 0.00 04T 058 0,00 0.00 0.o0
SnaN1z NCzzz2 Q.00 -0.32 073 0.0D 0.00 0.00
SnzaMass | NCzzz 0.00 0A7 144 0,00 0.00 0.00
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Project The Comiche, London
I [pan BAL-t0z Type J
NEMETSCHEK Description Aluminium - Welded assembly
SC!E[ Mational code EC - EM
Support Case Ax Ry Rz Mx My Mz
[kN] [iN] [kN] | [kWcm] | [kWcm] | [kNcm]
SnzaMass | NG211 0.00 0.53 080 0.00 0.00 0.00

6.2. Reactions @ Strut Support: ULS Envelope

Monlinear calculafion, Exireme : Global

Selection : Named selection - Support

Cla=s : Ulimae

- sind

HAotated suppors
Support | Case Rx Ry Rz Mx My Mz
(kM) | (kM) | ND | [kMem] | [kMem) | [kNem]
SnigMNas G231 -0.68 228 LH D.0o 0.0 0.00
SnigMae | NC23: .58 D.08 o2 0.0 0.0D 0.00
SnigMas Cera i 1 -1.34 0.1 0.00 0.00 0.00
SntaMes |MC2i2 040 2.59 049 0.0 D.0x 0.00
SniTiNaT G213 033 -128 0DAT 0.00 0.0 0.00
SniaMes | NC222 003 1.68 050 0.0 0.0D 0.00
SniaMan e 0.2a 0.588 0 0.00 0.00 0.00
[ 13.05.2015 12012
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2.5 Type C Balustrade

Refer to structural analysis results in section 2.5.3.

2.5.1 Deflection check
;2 )+
@ )A)B )
2.5.2 Stress check to BS EN 1999-1-1

i Vertical members

12 F G 2 #+ *

EN AW-6082 T6
Ghig )5+) +) *

ii Horizontal members
12 F G 2 ) ’
12 ?HI G 2HI +6 6 +

EN AW-6060 T6
Gy $ +# +# *
GhHio $35% )$ #3 L
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SAMPLE PROJECT IN LONDON

METAL BALUSTRADES

2.5.3 Structural analysis — Type C balustrade

: Project The Comiche, London
FECRRRERRENED  [Pan BALmz Type C
NEMETSCHEK Description Aluminium - Welded assembly
S':la Mational code EC - EN

1. Structural model
=
Z ’ﬂ""‘: -ﬁ."'?
X e, .,..gEF
1.1. Parameters
? o B
o
g2
e alo| BEEF
glel BrERER %
T3

]

3 o

™ A it

= +
1.2. Materials

Hame Type Unit mass E mod Poisson - o G mod Thermal exp
[kg'me] [MiPa] [MPa] [memE]
EN-AW EB060 Te | Aluminium aro0.o0 | 7.0000e+04 |03 2 §a2%+04 0.00
EN-AW 6082 TE | Aluminium 270000 | 7.0000e+04 |03 25823 +04 0.00
13.05.2015 1Hg
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Projact

The Comiche, London

BAL-102 Type C

NEMETSCHEK  |Description

”ll IHELEETNT  [Pan

Aluminium - Welded assembly

Sma National code EC - EM
1.3. Cross-sections
. Hame M1 | A [omd] 10,00
Type Aectengle | A y, z [em] 8.33 8.33
Detailed 60k 20(1y, z [em' 2063 3.33
em maerial EN-AW 6082 Te|! w [cm], ¢ [cm9] 3153 9.5
=) _, | Fabrication genersl [ Wel y, z [cmY] 8.33 3
lise 20 FEM enelysis + [ Wpl y,  [cm] 12.50 5.00
d y. z [mm] 0 [
¢ YUCS, ZUCS [mm] 10 25
o [deq] 0.00
Name Mz (A [cmT 137
Type Circle |A ¥ Z [cmF] 1.58 1.58
Detailad 15[y, z [cm¥ 0.35 035
hem maerial EN-AW 8082 Te |1 w [cm®], t jcmf] 0.00 050
Fabricaton peneral [Wel y, z [cmf] 0.33 0.33
Use 20 FEM analysis * |Wp ¥, Z [focmf] 0.56 0.58
d v, z [mim] a o
€ YUCS, ZUCS [mm] T 8
a_[deg] 0.00
Hame T1] A [emf] 4.43
Type Tube | A ¥,  jcmd] 287 297
Detailed 5 3y z e 1238 12.28
hem mae rial EN-AW EO060 TE |l w [em®], t [cm'] 0.oo 23.98
Fabrication extrusion | Wel y. z [cm?] 4.81 4.9
8 |Use 2D FEM analysis v | wpl y, z [cm] E.64 B854
dy, z [mm] 0 o
¢ YUCS, ZUCS [mm] 25 25
a [dag] 0.00
Hame Tz[A [enf] 554
Type OfAy z [emf] 2.80 280
D tailed 50; 3 6 3|1y, z jem 20.85 20.85
Ilem material EM-AW BDBOD T&[| w [cm®], ¢ [cmY] 008 30.68
Fabrication extrusion | Wel y. z [cmY] B34 B34
Use 20 FEM analysis ¥ [wWpl y, z [cmA] 035 9.95
d y. z [mm] 0 0
¢ YUCS, ZUCS [mm] 25 o
o [deq] 0.00
5 Mams Ta| A [cmf] 564
Type Ola y z [cmi .92 1.78
Degailed T 3 30 afl ¥ z [cm] B.38 33.32
Iem maserial EM-AW B060 TE |1 w [cmT], t [cm¥] 7.88 20.67
Falbwication axirusion | Wel ¥, z [cmf] 5.58 852
Use 20 FEM analysis + | Wpl y, 2 [em?] E.53 12.17
d y, z [mm] [ [
© YUCS, ZUCS [mm] 35 15
a [oeg] 0.00
& Mams T4|A [emf B0
Type Reciangle |A ¥, Z [cm] 5. DK 5,00
Detailed 5 12|y z [em 250 072
I2im_maerial EM-AW 6060 TE |1 w [cm®]l t [cmf] 1.16 244
_+ | Fabvication general | Wel y. z [cmd] 5.0 120
Use 2D FEM analysis v [wpl y, z [enr] 7.50 1.80
d y, z [mm] © [
© YUCE, ZUCS [mm] B 5
a [deg] 0.00
[ 13.05.2015 212
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Project The Comiche, London
[||| THELELEEED  [Pam BAL102 Type C
NEMETSCHEK Description Aluminium - Welded assembiy
: Mational code EC - EN
Scia
Hame T5[A [cm] 444
Type O|Ay z [cmA 23 23
De tailed 40 3 40 3|1y 2 fem’) 10.20 10.20
lbem material EM-AW 6080 Te |l w [cme], t [cme] D04 15.12
i Fabrication extrusion [ wel y, z [cm?] 510 510
Use 2D FEM analysis v |Wpl y, z [car] E.17 BIT
d y, z [mm] [i] o
¢ YUCS, ZUCS [mm] 20 20
0 [deg] 0.00
Hame Mass Surface Yiahume
[xa] [m7] [ome]
Total msults : 4673 4801 | 17508.41
Miae rial Mass | Surface | Unit wolume mass | Volume
[k} [me] [eg/me] [emF]
EM-AW 6080 Te 27.33 3,504 2700.00 | 10121.80
EMN-AW 6082 T8 18.40 1.357 70000 |  Tia4a
2. Loads [kN, kMN/m]

2.1. LCA - D: Dead load

13.05.2015
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The Comiche, London

|||| THELELEEED  [Pam BAL102 Type C

NEMETSCHEK Description Aluminium - Welded asssmibly
EC - EN

Hational code

Scia

2.3. LC3 - W: Wind load

2.4. LC4 - T1: Thermal load - Summer

B e
y: ¢ ‘
Fel % 2L ]
uf ufi dn nic ] 'S
4175 8119 b
© 7 :
i _é ;:1 }1 ] |

%
6
&
5
6
6
&
6
el
oS
Qs
g
&
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Project

The Comiche, London

BAL-102 Type C

NEMETSCHENK  |Description

Aluminium - Welded assembly

”ll THEEELITNT  [Pen

EC - EN

Scia Mational code

2.5. LC5 - T2: Thermal load - Winter

///

LA b b

2.6. Nonlinear combinations

oS S o
mi%%%%@%aaq

oloiidano

Name DesCrption Type Load cases Coeff.
NC101 o) + (L Senviceabilty || Co - Selfweight []‘l-Dﬂ'
LG1 - O - Dead lpad 1.00
LC2 - L - Imposedlive Load 1.00
NC102 D) + Wpl Serviceability | LCo - Sehwaight 1.00
LC1 - D - Dead load 1.00
LC3 - W - Wind loed Load -1.00
NC10d D) + Ws) Sewviceability | LCO - Sefiweight 1.00
LG1 - D - Dead load 1.00
LC3 - W - Wind load Load 1.00
NG211 1.35(0) + 1.5[L) + 0.750Wp} + 0.75(Ts) | Ukimale LCO - Seliweight 1.35
LC1 - D - Dwead load 1.35
LG2 - L - Imposedilive Load 1.50
LC3 - W - Wind load Load 075
LC4 - T1 - Temperature Load, Summer 075
MC212 1.350) + 1.50L) + o7s(Ws) + 075{Ta) Ukimaie LG - Selweight 1.35
LGt - Ot - Dead load 1.35
L2 - L - Imposedilive Load 1.50
LG3 - W - Wind load Load 0TS
LC4 - T1 - Temperature Load, Summer 075
NC213 1.35(00 + 1.5Wp) + 0.8{Ts) Ukimaiz LCO - Seliwsight 1.35
LG1 - D - Dead load 1.35
LC3 - W - Wind load Load -1.50
LG4 - T1 - T raturs Summer 0Bl
NC214 1.35(0) + 1.50Ws) + 0.3(Ts] Uimaie LCo - Selfweight 1.35
LGt - D - Dead load 1.35
LC3 - W - Wind load Load 1.50
LG4 - T1 - Tempemture Load, Summer B
MGz 1.35(0) + 1.50L) + 0.750Wp) + 0.75(Tw) | Ukimaie LCO - Selwsight 1.35
LGt - D¢ - Dead load 1.35
LGz - L - Imposedlive Load 1.50
LG3 - W - Wind load Load 075
LCS - T2 - Temperature Load, Winer 07s
MCza2 1.35(00 + 1.50L) + 0.75(Ws) + 075(Tw) | Ukimae LCO - Sefiweight 1.35
LGt - D - Dead load 1.35
LGz - L - Imposedlive Load 1.50
LC3 - W - Wind ioed Load 075
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Project

The Comiche, London

BAL-102 Type C

l lll II III Pan
NEMETSCHEK  |Description

Aluminium - Welded assembly

i Mational code EC - EM
Scia
Nams DesCrption Type Loed cases Coeif.
k1
iCzaa 1.35(0) + 1.50L) + 0.75(We) + 075{Tw) |Ukimaie LGS - T2 - Temperature Load, Winder 0TS
NGz 1.35(00 + 1.50Wpl + 0.8(Tw] URimaie LCO - Seltweight 1.35
LC1 - O - Dead load 1.35
LC3 - W - Wind load Lpad -1.50
LG5 - T2 - Temperature Load, Winder 0.80
MOz 1.35(0) + 1.5(Ws) + 0a(Tw) Ukimaie LCo - Selftweaight 1.35
LG1 - D - Dead load 1.35
LC3 - W - Wind load Load 1.50
LG5 - T2 - Temperature Load, Winder 0.ed
MNCz31 1.35(0}) + 1.5(T8) Ukimaie 0 - Seltweight 1.35
LG1 - D - Dead load 135
LG4 - T1 - Temperature Load, Summer 1.50
NGzaz 1.35(00 + 1.5(Tw) Ukimaie LCO - Selfmsight 1.35
LC1 - O - Dead load 135
LCS - T2 - Temperature Load, Winder 1.50
2.7. Result classes
Hamea List
Seniceabiliy [NCi1o
NC1o2
NC106
Lifimate MCz11
NGz212
NG213
NC214
NCzx
NGzz2
NCz25
NCz24
NC231
NCza2
3. Calculation protocol
Calculation protco
Honlinear calculation
Number of 20 elements []
Number of 10 elements E36
Mumber of mesh nodes B49
Mumber of eguafions 5084
Meximum fem=tions 50
Number of incemenis 2
Type of nonlinearity Il. order
local nonlinearities
Method (Il onder} Mewton-Rephson
Bending theory Mindlin
Mo. of combination Start End No. of femlions
MG 1 26052015 1334 26052015 1334 4
NC 2 26052015 1334 26052015 1334 E
NC 3 26.05.2015 1334 26.05.2015 1334 4
MC 4 26052015 1334 26.05.2015 1334 4
NC 5 28052015 1334 26052015 1334 E
NG & 26052015 1334 26.05.2015 13:35 5
NG 7 26052015 1335 268.05. 2015 13:35 =1
NC & 28.05.2015 1335 26.05.201% 1335 g
MG 3 26053015 1335 268.05.2015 1335 =1
NC 10 28.052015 1335 26.052015 1335 5
MG 11 26053015 1335 2B.05. 2015 1335 =1
NG 12 26 05215 13:35 268052015 13:35 5
NC 13 26.05.2015 13:35 26.05.3015 13:35 =
Sum of loads and reactions.
TRR] X ki i
Nonlinear combination 1 loads 1.8 21 -20
mactions innodes |16 (21 20
[ 13.05.2015 a12]
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Project The Comiche, London
FIRRRREERENED  [Pam BAL-102 Type C
NEMETSCHEK Descripsion Aluminium - Welded assembly
S i Mational code EC - EM
cla
Calculation prowocol
[RA] A X Z
reactions on lines 0.0 0.0 oo
contact 1D 0.0 0.0 oo
contact 20 0.0 0.0 oo
Monlinear combination 2 loads 08 |08 |18
meactions in nodes  (-06 |08 1.6
mactions on lines 0.0 oo oo
contact 10 0.0 0.0 oo
contact 20 0.0 0o oo
Wonlinear combination 3 loads 24 |32 ik:]
reactions in nodes 24 32 |-0®
reactions on lines 0.0 0.0 oo
contact 1D 0.0 0.0 oo
contacé 20 0.0 0.0 0.0
Nomlinear combination 4 loads 24 32 |-23
mactions in nodes  [-24 |32 23
reactions on fines 0.0 0.0 oo
contact 10 0.0 0o oo
contac: 20 0.0 0.0 oo
Momlinear combination 5 losds 4.2 56 |[-42
reactions in nodes |42 |58 4.2
meactions on fines 0.0 0.o oo
contact 1D 0.0 0.0 oo
contact 20 0.0 0.0 o.o
Nonlinear combinafion 8 loads ; -5 |48 14
mactions in nodes (3.5 4B |[-1.4
meactions on fines 0.0 0o oo
comtact 1 0.0 0.0 oo
contact 2D 0.0 0.0 oo
Nonlinear combination 7 loads a5 46 |-B3
mactions in nodes  [-35 4.8 ix
reactions on fines 0.0 0.0 oo
contact 1D 0.0 0.0 0.0
contact 20 0.0 0.0 0o
Monlinear combination a8 0.8 48 |(-18
reactions in nodes 0.6 |0.a 18
reactions on fines 0.0 0.0 oo
contact 1D 0.0 0.0 oo
contact 2D L] 0.0 0o
Monlinear combination 9 loeds 4.2 56 |[-42
reactions in nodes <42 |58 4.2
reactions on lines 0.0 0.o oo
contact 1D 0.0 0.0 oo
contact 2D 0.0 0.0 0o
Monlinear combinason 10 [ loads : ) 35 |48 14
mactions in nodes (3.5 4E |[-1.4
reactions on fines 0.0 0.0 oo
contact 1D 0.0 0.0 0.0
contact 2D L] 0.0 0.o
Nonlinear combination 11 loads a5 47 |-33
reactions in nodes 36 |47 a3
reactions on lines 0.0 0.0 oo
conact 10 L] 0.0 0o
contact 20 0.0 0.0 0.0
Monlinear combination 12 | losds oo 0.o -0e
reactions in nodes 00 |om |0
mactions on lines 0.0 oo oo
contact 1D L] 0.0 0o
contact 2D 0.0 0.0 0.0
Nonlinear combination 13 | loads 0.0 0.0 -0
mactions in nodes (0.0 oo oe
reactions on fines 0.0 0.0 oo
contact 10 L] 0.0 oo
contact 20 0.0 0.0 0.0
13.05.2015 T2
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Project The Comiche, London
(RRRNR AR RN M) T BALi0Z Type G
MEMETSCHEK |Description Aluminium - Welded assembly
Sﬂia Mational code EC - EN
4. Deflection

4.1. Deformations on member; uz: NC101

T i
"._‘I ; % 4 -, 1
b s A

5. Member code check

——

5.1. Stress; von Mises: Vertical members

Manlinear calculafion, Extreme : Global

Selection : All
Monlinear combinadons : NG211

Cross-section : M1 - Reclangle (5l 20)
Values : Momnal - Nomal +, Sheer, wvon Mises, Faligue, Kappa, Sigma Y

Member | Case dx Hormal - | Mormal + | Shear | von Mises | Fatigue | Kappa

[m] [MFa] MPa] | MPa] | [MPs] | [MPa] | ]
EE NCz11 0.455 T26 [T T26
Bsg MC211 0.455 Ti.2 712 o0 1.00
853 MC211 1.025 211 -1 00 1.00
858 NC211 0.455 Ti2 oo 7z
Bs3 NC211 0.000 0.4 04 00 04
857 NC211 0.540 E-Y -1 54 5
853 MC211 0.000 04 04 o0 1.00

13.05.2015 a1z
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NEMETSCHEK  |Descripton

”li L T

Project The Comiche, London
BAL-102 Type C

Aluminium - Welded assembily

Mational code EC - EN

Scia

Monlinear calculefion, Exireme - Global
Selection : Al

Maonlinear combinafons : NC211
Crmoss-section : M2 - Circle (15)

Valves : Nomal -, Nomal +, Sheer, von Mises, Faligue, Kappa, Sigma Y

Mamber | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[m] | [MPa] | [MPs] | [MPs] | [MPa] | [MPa] | F]
BEa MC211 0000 -40.4 L1 Ay 404
BET HNC211 0000 208 206 ol 1.00
Bea MC211 0.4B5 -10.3 -10.3 LEEH] 1.00
BES MNC211 0.000 404 oy A0.4
B54 MC211 0000 101 10.1 0o 1.00
Bes NC211 0.243 4.2 23 i
B54 MC211 0000 101 10.1 21 0.7

5.2. Stress; von Mises: Horizontal members

Monlinear calculefion, Exireme - Global
Selection - Al

Monlinear combinations : NC211
Cross-section : T1 - Tube (20; 3)

Values : Momal -, Momal +, Shesr, von Mises, Fat

ue, Keppa, Sigma Y

Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
fm] [MPa] [MPa] [MPa] [MPa] [MPa] H

Biaw MC211 0,000 -245 3.0 250

Bi21 MC211 0.541 1B.0 180 Oul 1.00
BiF NC211 0.000 -158 -158 Ol 1100
BiF NC211 0.003 28.4 3.0 28.8

Bizi MC211 0.000 -4.0 -4.0 0l 1.00
Bl MC211 1.268 172 | anz

Bi NC211 0000 -4.0 -4.0 5.8 10.8

Maonlinear calculsfion, Extremne : Global

Selection - All

Monlinear combinations : NG211

Cmss-section : T2 - O (80; ¥ 50; 3]

Valuee : Momnal -, Momal +, Shear, von Mises, Fatigue, Kappa, Sigma ¥
[ 13.05.2015 FIE
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Project The Comiche, London
[”1 IEEERETELD  [Pam BAL1m2 Type C
NEMETSCHEK Description Aluminium - Welded assembly
: National code EC - EN
Scia
Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fasige | Kappa
fm} [MPa] [MPa] [MPa] [MPa] [MPa] ]
Bias MNC211 0.000 -174 [T 1T.4
gias NC211 0.000 166 166 L] 1.00
Bi2s MNC211 1.268 -142 -142 o0 1.00
Bias NC211 0,000 174 oo 7
B122 MC211 0.000 -131 -13.1 L] 100
Bias NC211 1.268 01 56 BT
Bizz NC211 0.000 -13.1 -13.1 0.0 13.1
Monlinear calculsion, Extrerne - Global
Selection - All
Monlinear combinaions : NC211
Cmss-section : T3 - O [ 3 30; 3)
Vaelues : Momnal -, Momnal +, Shear, von Mises, Fafigue, Keppa, Sigma Y
Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fasigue | Kappa
m] [MPa] MPa] | [MPa] | [MPa] | [MPa] | F|
Bi2g NC211 0,652 -57.4 (111} b4
Bi2g NC211 0.852 0.9 508 o0 1.00
Bizs NG211 0.000 -7 =273 00 1.00
Bi2g NC211 0.852 54.1 oo 4.1
Biz3 NC211 0.000 12 -1.2 0.0 1.00
B NG211 1.044 (i | 62 10.8
Bi23 NC211 0.000 1.2 -12 0.0 12
Monlinear calculsfion, Extrerne : Global
Selection © All
Nonlinear combinafons : NG211
Croes-section : T4 - Rectangle (60 12}
Values : Momnal -, Momnal +, Shesr, von Mises, Fafigue, Kappa, Sigma Y
Member | Case dx Mormal - | Mormal + | Shear | von Mises | Fatigue | Kappa
[} [MPa] [MPa] [MPa] [WPa] [MPa] 1
Bes NC211 0100 -50.6 00 B.6
Bes NC211 0. 100 436 4368 (1L} 1.00
B&8 MNC211 0.100 -42 8 -428 oD 100
Bed NC211 0. 100 461 ol 461
B58 NC211 0.000 AT -7 0.0 1.00
Bog NC211 0.100 -188 a9 454
B58 NC211 0.000 AT -7 00 17
13.05.2015 012
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NEMETSCHEK

”ll (ARRRNRARE
Scia

The Comiche, London

Project

Pamn BAL-1o2 Type C
Description Aluminium - Welded asssmbly
National code EC - EN

6. Factored reaction forces

6.1. Reactions @ Base Support: ULS Envelope

£ wr
A @ 00
" s A
X
Monlinear calculaon, Exirems : Global
Sedection : Named selection - Support - base
Class : Ulimae
HAotated suppors
Supporn Case Rx Ry Rz ME My Mz
[N L] [kh] [kMcm] | [kMcm] | [kiNem]
SnioM104 NCz3z 07 0.0 030 D.00 0.00 0.00
SnioMi04 | NG231 0.45 006 o8 0.OT 0.00 0.00
SnioM104 NC211 023 -1.58 117 D.00 0.0D 0.00
SnioMi04 | NC224 LAD 0.53 080 0.00 0.0 0.00
SnaN100 NGz21 0.00 <088 0.54 0.00 0.00 0.00
SnioMiDd | NC222 -0.or -1 186 0.00 0.0 0.00
Sn12M108 NC211 .00 0 -0.50 0.0 0,00 0.00
13.05.2015 11112
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3 Brackets and anchors
3.1  Strut connection

Detail
4 x ST 4.8/ A2 (2 x EACH SIDE)

1 x FLAT 80x70x5mm / EN AW-6060 T6

a1\
4
2xST55/A2 1 x M10/ A2-70

80mm — Flat 50x10mm / EN AW-6060 T6

3.1.1 Design Forces

Refer to results of balustrade structural analysis in sections 2.3.3, 2.4.3 and 2.5.3,

129 24 )C
129 5,4 )6
12 *9 ka4 36#
12 %9 ka4 % 6)

3.1.2 Fixing to spandrel element

i Self drilling screw check to BS EN 1999-1-4

(4 L<)C*)6= 63
(a4 6)+ C+
2xST55/A2

(o +)536 +) 36 4
(o +)5 4 )

8 33:
(s )5))585# +) $3$C 6:

LETTENWEG 118, 4123 ALLSCHWIL, SWITZERLAND
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(9 )9))5$ 5# +) C$ $#:
6* $#

i End plate check to BS EN 1999-1-1
Fa C+
14 C+5+ 6% 5

80mm — Flat 50x10mm / EN AW-6060 T6
19 )5 5% 5

i Weld check to BS EN 1999-1-1

Gy <36#*)C = <+5+5%$5) = ))6
M 4 <36#*)C = <+5+5$5) = ))6
M4 )6 <+5 ##5%$5) = +)

4 LN))6*3<))6  **+) *=0 #

4mm fillet Back-to-back

9 )C5# 3) #$3

3.1.3 Fixing to balustrade
(4 L<36#*)6= 3C

1xM10/ A2-70
(9 )B)#CCoH# +) +$ +$:
(o )5 55# +) +$ C:

LETTENWEG 118, 4123 ALLSCHWIL, SWITZERLAND
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3.2 Base bracket 4 B

Balustrade mullion @ 1300mm (max) } \

Flat 100x50x10mm / EN AW-6060 T6

2xST55/A2
150mm — L120x120x8mm / EN AW-6060 T6
1 x MKT BZ+ 70 M12-20/115

ALIGNMENT WASHER
(WHEN NECESSARY)

3.2.1 Design forces

129 54 cc
129 k4 )6
129 54 6

3.2.2 Fixing to balustrade

i Self-drilling screws check to BS EN 1999-1-4

(4 NL< CC* 6 =0+ )
(4 )6+* CC56 +

2x ST5.5/ A2

(9 +)536 +) 36 +6:
(vo )5) )565 # +) 6 C6 +:
(o +)5 4 ) 36:

(o )5))565# +) 36C )$:

LETTENWEG 118, 4123 ALLSCHWIL, SWITZERLAND
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36* )$ C+.
3.2.3 Fixing to slab

i Angle base plate

14 )65+ 6C 5

150mm — L120%120x8mm / EN AW-6060 T6 or EN AW-5754 H24/34

19 )56 5% +3% 5 C3:
i Anchors

Fk, )6

F2, CcC

1, )65 + Cc 5

1, CC5 + + 5

Provide: 1 x MKT BZ+ M12-20/115
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4  Balustrades @ High Upstand

4.1 Members check

Refer to structural analysis in section 4.1.3.

4.1.1 Deflection check
;2 $6
@ )A)B ) C:
4.1.2 Stress check to BS EN 1999-1-1

Maximum calculated Von Mises (or equivalent) stress in the analysis results.

i Members
G, + 3 *

15mm / EN AW-6060 T6
Go @ +5% A# +)B 3 * 6C:

i Welded plates
12 G ccC *
12 G o 6% *

15mm / EN AW-6082 T6
Go + M
Ghio $65+ 39%) RIC ™
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4.1.3 Balustrade Type C — Structural analysis

<
>
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4.2 Brackets and anchors

4.2.1 Details
Upstand in (-25mm ~ +4mm)

8
8

ANCHOR:
@ ENDS: 2 x HSL-3 M10/(65mm max)
@ INTERMEDIATE: 4 x HSL-3 M10/(65mm max)

METAL SHIM: 80mmx80mm |——

PLATE:
@ ENDS: 125x330%x15mm / 6082 T6
@ INTERMEDIATE: 200%330x15mm / 6082 T6

4.2.2 Anchor Design Forces

From the results of structural analysis in section 4.1.3.

i Upstand in (-25mm ~ +4mm) considering 29mm stand-off distance

F, >+ + +

+$6

i Upstand out (+5mm ~ +25mm) considering 15mm stand-off distance
F, >+ + +
+$6*+ +5) < $6= )#C
LETTENWEG 118, 4123 ALLSCHWIL, SWITZERLAND
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METAL SHIM: 80mmx100mm

@ ENDS: 1 x 80mm — L100x50x8mm / 6060 T6
@ INT.: 2 x 80mm — L100x50x8mm / 6060 T6

Upstand out (+5mm ~ +2  5mm)

SHELF ANGLE: }‘
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