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Revisions

29.07.2024 Initial Version

Blumano asks for a separate copy of the inspection report, if this analysis has been checked.

Symbols

Marginal notes contain explanatory signs whose meaning - if not conclusive - is explained here:

¢ The value was read in from a database.
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Subject of this analysis is a hanging fixture ladder.

Vertical tube Tube 50.8 x 4.8 mm EN AW 6061-T6 with holes 13.5 mm
Horizontal tube Tube 50.8 x 3.2 mm EN AW 6061-T6 with welded connection plug
Axis Width 381-965 mm
Height variable

e DESCRIPTION

o Ladder system of rails and rungs to allow fixtures to be flown vertically.
APPLICATION

o Used to create vertical towers of fixtures.
LENGTHS

o 84” and 42" ladder rails with mounting point for rungs every 3”
ACCESSORIES

0 367, 26” and 13" ladder rungs

o Bolt in M and F spigots for connection between rails
RIGGING

o Can be rigged directly from top
TRANSPORT

o Normally transported without fixtures on pipe carts. Carts available to

transport with fixtures by special request.

FINISH

o Black, silver veined powder coat finish.
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2 Basics

2.1 System Assumptions

The analysis is general based on first-order theory. Stability checks shall be done, where necessary, by

appropriate methods. The analysis according to Th.L.O. is sufficiently accurate for the given geometry.

2.2 Load Combinations

Load combinations are done according to DIN EN 1990.

Structural checks (STR) according to DIN EN 1990

Permanent loads Ks = 1,35
Variable loads Ko = 1,5
Accidental loads Ma = 1
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3 Load Assumptions

In order to ensure safe operation of the construction, the loads assumed in this chapter must not be exceeded.

Note: 1daN = Tkg; 1kN =100 kg
The maximum load capacity of the system is calculated by this report. The results can be found in the conclusion.

Is is assumed, that the ladder is hanging straight vertically indoors. This report does not consider any stacking of

the system or any inclination or tangential deviation.

No special loads are considered like wind, earthquake, swings, artistic live loads, cable camera systems, braced

fairy lights and so on.
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4 Structural Checks (STR)

All parts, which are not checked because of their safety-related little importance, must be dimensioned

adequately.

4.1 Ladder Rung

965.20

[38.00"]
940.61

[37.03"
914.40
[36.00"]

DETAIL ‘A’

(BOTHENDS) ™

/ Insert plug welded into ladder
/ rung at each end
END OF LADDER RUNG

O BE BIRD MOUTHED 917.58

AS SHOWN TO SUIT

19.05mm (0.75") holes drlled
into ladder rung either side to
allow for welding of the insert

VERTICAL
LADDER RAIL
FOR REFERENCE

VERTIOALLADDER [36.12"]

LADDER RUNG DETAIL

MATERIAL: 50.8mm (2.0") @ x 3.18 (0.125")
THICK ALUMINUM TUBE 6061-T6

For verification the longest version is considered. The checks therefore also covers any shorter length.

System
Length | = 965 mm
Section Modulus W= 533 cm?
0.2% prooth strength fo = 240 N/mm?
Yield strength fy = 260 N/mm?
Estimation of Design Load in Ultimate Limit State
Tube
Bending
Design resistance
2 2
Mrd = 5,33 cm3x min E 240 N/mm :260 N/mm E Mra = 110,91 kN-cm
0 11 1,25 0

Design load

Feq = 4x110,91kN-cm Feq = 4,6 kN

965 mm
Verification of shear stress negligible.
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Bolt 1/2" - Grade 8

Shear
Shear resistance

Vbrd = 0,6 x 84,3 mm?2 x 85000 Ib./in.2 x 10 m/s? Vb.Rd
Shear is not decisive.

30,23 kN

Hole bearing

240 N/mm?
11

Hole bearing is not decisive.

Vrg=15x% x3,2mm x 12,72 mm VRrd = 13,32 kN

Weld part

The weld seam essentially ensures that the thread is held in position.

Shear

Shear force in weld comes from local bending:

Veg = 15,88 mm x 4,6 kN VEq = 3,3 kN
0,5x44,2 mm

A 3,141 %19 mm 2 A= 283,48 mm?
4

2
Vg = 283,48 mm2x 0,6 x 0.8 x 0,67 x% Vg = 1896 kN

_ 33N 49 eta = 0,17 0
18,96 kN

Further checks negligible.

eta

Conclusion
The static load for one ladder rung is 300 kg. The position on the rung can be freely chosen. The centre of gravity

must be vertically under the rung (no cantilever).
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The load-bearing capacity of the overall system corresponds to the load-bearing capacity of a rail, as the load

could in principle be attached on one side of a rung.

+

|Q o o o o o o o o o o o o o o o o o o o o o o o © °|—< 2.00" [50.80]

0
i *
3.00" [76.20]

‘ 80.25" [2038.35] I

84.00" [2133.60]

86.00" [2184.40]

Estimation of Design Load in Ultimate Limit State
Tube

Tensile strength

Net Area
3141x 0508 mm2-412mm20 ,
Anet = O 2 0. 2%135mmx4,8mm Anet = 563,93 mm
2 2
Nia1 = 563,93 mm2 x min [ 220 N/mm?. 0.9 x 260 Njmm* T Negs= 10557 kN
0 1,1 1,25 0
Bolt 1/2" Grade 8
Hole Bearing
2
Nrg2 =15 4 x 4,8 mm x12.7 mmxw Nra2 = 798 kN
Shear
Nrd3=4x30,23 kN NRrd3 = 120,91 kN
Connector
Tensile strength net area shaft
2
Anet = 3,141x 40,72 mm +13,5mm2-2x13,5mm x 40,72 mm Anet = 38485 mm?
2 2
NRd.4 = 384,85 mm?2 x min B 240 Tﬁmm : 0.9x 216;)5N/mm E NRrd4 = 72,04 kN
ad , , O

Tensile strength net area male spigot
Anet = (50,3 mm -15,9 mm ) x 17,45 mm Anet = 60028 mm?2

2 2
Negs = 600,28 mm? x min B 240 N/mm : 0,9 x 260 N/mm E
0 11 1,25 0

11237 kN

NRrd,5
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Hole bearing
2

Nra,6 =1,5%15,9 mm x 17,45 mm x w NRd,6 = 90,8 kN
Pin Grade 8 15,8 mm

Nra7 =2 x 0,6 x 156 mm2 x 85000 Ib./in.2 x 10 m/s2 Nra7 = msg7 kN
Design Resistance

Nrd = min (105,57 kN ; 79,8 kN ; 120,91kN; 72,04 kN ; 112,37 kN ; 90,8 kN ; 111,87 kN )

NRrq = 72,04 kN

Conclusion
The static load for the rail system (without load accessory) is 4800 kg. This is also the maximum load capacity of

the system.

4.3 Load lifting equipment
Suspension links or similar are not part of this calculation. It is very likely that these will reduce the load-bearing
capacity.

For example, if the ladder is suspended from the top rung, the load-bearing capacity of one rung limits the load of
the entire system. Otherwise, the load-bearing capacity should always be assessed on the basis of the specific

load configuration.
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The analysis was made according to the current state of the art. There are no concerns about load bearing

capacity and stability as long as the notes in this chapter are observed and implemented.

The following points must be observed from structural point of view, unaffected by other safety requirements:

General notes
The assembly and operation of the construction occurs in a professional manner. In particular, the staff is

qualified for their activities and is trained in the special characteristics of the construction.
All joints have to be secured against self-loosening.

The bearing structure / underground / subsoil is not subject of this calculation. Sufficient load-bearing capacity

must be ensured by the customer.

It has to be ensured by the customer that the design of the used components correspond to the drawings and
assumptions of this structural analysis. Especially if manufacturers make changes to their components without

prior notice.
The installation and operating instructions of the manufacturer of the corresponding parts have to be considered.

Further notes within this document have to be considered.

Load Capacity

The static load capacity of the components are as follows:

- Rung: 300 kg

- Raill / Total system: 4800 kg

In hoist operation, the dynamic factors must be considered separately.

The loads only apply to purely vertically freely suspended systems without cantilevered loads.

The load capacity may also reduced by the used lifting accessories. This has to be checked separately.
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5 References

5.1 Basis of Calculation

In general the structural analysis was made according to the current state of the art. In particular, the following

literature and publications are used:
Eurocode 3

Eurocode 9

EN 17206

5.2 5.2 Used Software

The calculation is done by using specialized engineering software for structural analysis: Jameo AutoStatics for
structural analysis in general and Jameo Engineer for framework analysis and finite element Analysis. An electronic

report of the external analyses are annexed to this document if relevant.
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PLEASE NOTE THAT ALL PARTS ARE TO BE FULLY
WELDED WITH NO SHARP EDGES OR CORNERS

- 965.20 _
[38.00"]
. 940.61 N
[37.03"]
B 914.40 —
[36.00"]
DETAIL ‘A’
(BOTH ENDS) \
s e B
L / an i\
—+ ) - - - - - - - - — K+
\ o/ /
4 S 7R |
Insert plug welded into ladder 19.05mm (0.75") holes drilled
rung at each end into ladder rung either side to VERTICAL
'IE'L\‘)DIB(IE)FBIIEAE?I\D/IE)TJ"EI:JI'E\IS allow for welding of the insert LADDER RAIL
ASSHOWNTOSUIT | _ 917.58 | FORREFERENCE
VERTICAL LADDER "
RAILS [36.12 ]

LADDER RUNG DETAIL

MATERIAL: 50.8mm (2.0") @ x 3.18 (0.125")
THICK ALUMINUM TUBE 6061-T6

ISOMETRIC VIEW OF LADDER RUNG

INSERT DRILLED TO SUIT A
3-13x325HEXCAP. || K
SCREW ‘ s
| t=
I 3=
,,,,,,,,, 4 =

25.40
[1.00"]

DETAIL ‘A’
(MACHINED INSERT TO FIT
INSIDE LADDER RUNG TUBE)

MATERIAL: ALUMINUM ROUND
BAR 6061-T6

CHRISTIE LITES

TITLE: NEW 1.5 LADDER RUNG

DRAWING No: 001 |REV: - |DATE: 10 JAN 2022

PROJECT: FIXTURE LADDERS

DRAWN BY: Paul Elkin ukcad@christielites.com

INFORMATION DRAWING |SCALE: NTS | =@ | A3 )




Item No: | CL Part No: Name: Drawing No: | Quantity:

1 84" Rail RIGZZ-L1-2 1
2 CLM-00010 Male Bolted Spigot RIGZZ-L1/2-3 1
3 CLM-00011 Female Bolted Spigot RIGZZ-L1/2-4 1

Standard Parts

4 CLP-00127 | 3"x 31" Grade 5 Hex Head Screw - 4

5 CLP-00112 1" Flat washer - 8

CLP-00151 1" Nylock Nut ] 4

!

FanY
\J

Qoooooooooooooooooooooooﬂ@—e} 2.00" [50.80]

?

3.00" [76.20]
80.25" [2038.35] -—
84.00" [2133.60] —
ITl I I
(4
T T
86.00" [2184.40] —
4 N
CHRISTIE

TITLE: Ladder Rail 84" General Assembly

DRAWING No: RIGZZ-L1-1 REV: 3 [DATE: 27-Sep-23

PROJECT: RIGZZ-L1 - Ladder Rail 84"

DRAWN BY: Sam Harding ukcad@christielites.com
| MANUFACTURE DRAWING SCALE:NTS | =+ | A3
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0.19" [4.78] | | |

|
|
@2.|50" [@50.80]
|b1 62" [§41.25]
| ©0.53" [13.49]
%:?53::E::0::§:E::::::::::::::::::::::::::::::::::::::::::::::::

<— 3.00"[76.20]
S 1.125" [28.58]

80.25" [2038.35]

Mask tube ends before powder coating to ensure Overall Length and ID is not compromised

Materials:
2" (50.80mm) Aluminium 6061-T6 round tube, 0.188" (~4.8mm) Wall Thickness

Finish:
Powder Coated Silver Vein - Protech product no: PV212NS2

Cross holes drilled for 5" bolts. No sharp edges.

CHRISTIE _

TITLE: Ladder Rail 84"

DRAWING No: RIGZZ-L1-2

REV: 3 [DATE: 27-Sep-23

PROJECT: RIGZZ-L1 - Ladder Rail 84"

DRAWN BY: Sam Harding

ukcad@christielites.com
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Mask indicated area before powder coating to
ensure fit with rail is not compromised.
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0.0312"[0.79]
lf— 0.6870" [17.45] !|
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45° /
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AN

R0.75" [R19.05] /7 20.625" [315.88]
A ; ~) :
+
1.98" [50.29] { / 1.60" [40.72] +
A

:x>

— = WA ///////é//l__ﬁ e

< 0.06"[1.59]

<= 0.69" [17.45]

1.125" [28.58] —|<t——m=]
< 1.875" [47.63] —=] - 3.00"[76.20] ————— =
- 2.21"[56.01] ! 5.125" [130.18] -1
| 8.00" [203.20] —
Materials: p y
6061-T6 Aluminium rod c |.| R | s T | E LTI G

Finish:
Powder Coated Silver Vein - Protech product no: PV212NS2

TITLE: Male Bolted Spigot

DRAWING No: RIGZZ-L1/2-3 REV: 3 [DATE: 27-Sep-23

PROJECT: RIGZZ - Ladder Rails

1 1!! H .
Cross holes drilled for 3" bolts, Pin hole to clear standard CL truss pin. No sharp edges. DRAWN BY: Sam Harding ukcad@christielites.com
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Mask indicated area before powder coating to
ensure fit with rail is not compromised.
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Finish: TITLE: Female Bolted Spigot
Powder Coated Silver Vein - Protech product no: PV212NS2
DRAWING No: RIGZZ-L1/2-4 REV: 3 |DATE: 27-Sep-23

PROJECT: RIGZZ - Ladder Rails

. In . .
Cross holes drilled for 3" bolts, Pin hole to clear standard CL truss pin. No sharp edges. DRAWN BY: Sam Harding ukcad@christielites.com
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Item No: | CL Part No: Name: Drawing No: | Quantity:
1 42" Rail RIGZZ-L2-2 1
2 CLM-00010 Male Bolted Spigot RIGZZ-L2-3 1
3 CLM-00011 Female Bolted Spigot RIGZZ-L2-4 1
Standard Parts

4 CLP-00127 | 2"x 33" Grade 5 Hex Head Screw - 4
5 CLP-00112 %" Flat washer - 8

CLP-00151 1" Nylock Nut ] 4

!

© O o

O

O O

O

2.00" [50.80]

@ <)

<= 3.00"[76.20]

38.25" [971.55]

42.00" [1066.80]

?

=

44.00" [1117.60]

CHRISTIE |

TITLE: Ladder Rail 42" General Assembly

DRAWING No: RIGZZ-L2-1 REV: 3 [DATE: 27-Sep-23

PROJECT: RIGZZ-L2 - Ladder Rail 42"

DRAWN BY: Sam Harding ukcad@christielites.com
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Mask tube ends before powder coating to ensure Overall Length and ID is not compromised

Materials: p y
2" (50.80mm) Aluminium 6061-T6 round tube, 0.188" (~4.8mm) Wall Thickness c HRISTIE _ G
Finish: TITLE: Ladder Rail 42"
Powder Coated Silver Vein - Protech product no: PV212NS2

DRAWING No: RIGZZ-L2-2 REV: 3 |DATE: 27-Sep-23

Cross holes drilled for 5" bolts. No sharp edges. PROJECT: RIGZZ-L2 - Ladder Rail 42"

DRAWN BY: Sam Harding ukcad@christielites.com
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Mask indicated area before powder coating to
ensure fit with rail is not compromised.
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