V0156-001

Al

fILAN WHITE DESIGN

APOLLO CRADLESLTD
LADDER BOX BEAM CANTILEVER
DESIGN CHECK CALCULATIONS

Alan N White B.Sc., M.Eng., C.Eng., M.I.C.E., M.LLH.T.

Malachy Ryan B.Eng, M.Sc., C.Eng., M.I.C.E.

OCT 2015

17-19 Hill Street

Kilmarnock

KA3 1HA

Tel:01563 594 621

Fax:01563 593 056
enquiry@alanwhitedesign.com



CALCULATION SHEET

Project : Apollo ladder box beam cantilever

Element : Brief
Job Number : V0156 By: anw Date: Oct 15
Document No : 001 Checked: mmr |Date: Oct 15 Hmﬂ HH'HT{ U%SIBH

Brief

Layout

Design

Design assumptions

To produce design check calculations for the maximum cantilever for an
Apollo ladder beam box used to support the winch loads from cradles.

The frame is constructed from standard scaffold components, ladder beams,
GKN beams and scaffold tubes.

The winches will be Alpha 500 or Alpha 800

Design check is only valid for the extent of the cantilever. Counterweight and
support reactions will be dependent on the length of the back span.

Drawings below have been provided by the client:

Ladder Beam Boxes
connecled together with
straight X-Beam spigots

Alpha 500 winch  /
rope fixing position/

B N Wiile _JML"“KJ e Lodder Box Beam Cradie Rig
T e (1885mm Projection]
T —NERREN SCALE::50 A3
Design of aluminium structures EN 1999-1-1
Design of steel structures EN 1993-1-1
Technical guidance TG20:13

Scaffold components must be as per TG20:13.

GKN steelwork grade must be S355.

Aluminium components to be 6082T6 alloy

This design does not include a check of the existing structure.

Design check is only valid for the extent of the cantilever. Counterweight and
support reactions will be dependent on the length of the back span.
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Wind Loading

Working Wind Loading

Basic Wind Speed V= 14.00 m/s (BS EN 1808 T.6)
Dynamic Wind Pressure Qp= k*Ve2 k=0.613
= 0.12 kN/m?

Storm Wind Loading

Basic Wind Speed V= 36.00 m/s (BS EN 1808 T.7)
Dynamic Wind Pressure b= k*V? k=0.613
= 0.79 kN/m?

Applied Wind Pressure

Applied Working Wind Pressure = 0.12*0.2125*1.2

Applied Storm Wind Pressure = 0.79*0.2125*1.2

Wind calculation procedures are taken from the European standards:

Eurocode 1 Actions on structures - Wind BS EN 1991-1-4
NA: Actions on Structures - Wind NA BS EN 1991-1-4
Safety Requirements on Suspended Access Equipment BS EN 1808

Maximum wind pressure applied at working wind speed is:

Maximum wind pressure applied at storm wind speed is:

The wind pressure is applied to the members of the box beam.

900
for a 900mm length of beam there are ; )
2ol 1T 1
horizontals 2* 900 1800 300
Verticals 3*250 750
2550 mm per 900mm
so wind area of 50mm tube is 2550*50
= 127,500 mm? per 900mm

Take 50% as shielding for other parallel beam
so wind area permeter length is

1.5*127500/0.9
212,500.00 mm?per m
0.2125 m? per m

A

Cpe= 1.2 for cylinder

= 0.03 kN/m

= 0.20 kKN/m
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Loading
< be—»
Dimension is site dependant .
varies
F

for an alpha 500 winch the force
F= 500y, Y=
500*2.5
= 1,250 kg
= 12.5 kN

for an alpha 800 winch the force
F= 800y, YW=
800*2.5
2,000 kg
= 20 kN

2.5 BS EN 1808

2.5 BS EN 1808

In addition there will be a horizontal force equal to 10% of the above loads
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Box Beam Section

conservatively only considering 4No tubes , 48.3 by 4.4mm wall

Tube Section Properties

Box Properties

Restraint

The tubes are restrained at a distance of 305mm by cross members.

This assumption is only valid up to the length where the whole section acts as
a beam and lateral torsional buckling of the box occurs.

305

@ O

305

@ O

A= 607 mm?
I= 147654 mm*
W= 6114 mm?
W= 8254 mm?
r= 15.6 mm
A= 2,427 mm?
I= 57,040,977 mm*
W= 374,039 mm?®
W= 448,847 mm?®
r= 153 mm

This occurs when

}"LT: 0.4
M= sqrt(aWe.fo/M,)
where a= 0.768
W= 374,039 mm?®
fo= 250 N/mm?

Under 2.5m cantilever then section acts with top booms in compression

as struts

Over 2.5m, then section acts together as beam with lateral buckling

M= n® El / L**sqrt(L’Gl/n°El)

E=

|=

L=

It=

G=
= 449422521
A= 0.40

on whole section.

BE EN 1999-1-1 Cl 6.3.2.1.c

Table 6.4

Table 3.2b

70000 N/mm?
57,040,977 mm*
2,568 mm
1.25E+06 mm* (shapecad)
27000 N/mm?
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Boom 48.3 x 4.4mm CHS
| 48.3mm :
Boom CHS Layout
4 Apn
Section Properties A= 607 mm?
I= 147654 mm*
W= 6114 mm?
W= 8254 mm?
ry= 15.6 mm
for slenderness B= b/t b= 48.3
= 10.98 t=4.4
€= Sqrt(250/fo) f0: 250N/mm2
= 1.00 (PD6702 Table3d)
Class A, without welds, Internal parts By= 1lle
= 11*1
= 11.00
< 10.98 Not Class 1
BZ: 13¢
= 13*1
= 13.00
10.98 Class 2

Section is class 2 |
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Boom CHS Moment Capacity (6.2.5.1)
Mcra = aWe fo/ ymy
o= Wp|/We| (Table 64)
= 1.35
W = 6.11 cm®
fo= 250 N/mm?
M1 = 1.1 (6.1.3)
= 1.35%6.11*250/1100
M ra = 1.87 kNm
Myrd = Wietfu/ vz
Wnet Wel* Pu, haz
= 6.11*0.64
= 3.91 cm®
fu= 290 N/mm?
Ym2 = 1.25 (6.1.3)
= 3.91*290/1250
Mu,Rd = 0.91 KNm
Mgax = 0.91 kNm lesser value of M¢ rq/ My rd
Boom CHS Shear Capacity (6.2.6)
Vra = A, fof \/3YM1
A= 0.6A
A= 0.6*607
A= 364.20 mm?
Y™M1= 1.1
fo= 250 N/mm?
= 364.20*250/(SQRT(3)*1100)
Vg = 47.79 kN
Boom CHS Axial Comp Capacity @ 257mm (effective length of boom)
Nbra= KX Aerfo/vm (6.3.1.1)
k= Wy
Wx= Pyhaz ful Ymo
fol yma
= (0.64*290/1.25)/(250/1.1)
= 0.65
k= 0.65
Nee= T2 EI/K*L? (Appendix 1.3)
E= 70,000 N/mm?®
= 147,654 mm*
k 0.50
L= 257 mm
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N = ((P1()"2)*70000*147654)/((0.5"2)*(257"2))

6,177,841.29 N

’\/Aeff fo / Ncr (6.3.1.2)
0.16 Actr = 607 mm?

>
1

X= 1/ O+D*\?
® = 0.5(1+8(A-A,)+A%)

4= 0.20 Table 6.6
A= 0.10 Table 6.6
¢ = 0.52
X= 0.97
Np,ra = 0.65*0.97*607*250/1100
= 86.98 kN
Boom CHS Axial Tension Capacity (6.2.3)
1. General yielding
Nord = Ag fo lymy
fo= 250N/mm?
Ag= 607mm?
= 1.1
= 607*250/1100
= 137.95 kN
2. Local failure
Ny,ra = Anetfu vz

fu= 290N/mm?
Anet: A* Pu,haz
= 607*0.64
= 388.5mm?”
v = 1.25

388.5*290/1250
90.13 kN

Lesser Value= 90.13 kN
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Alpha 500 - 2.5m length

Max moment from winch is

M= PL
P= 12.50 kN
L= 250 m
= 31.25 kNm
M,= 0.1PL
P= 12.50 kN
L= 250 m
= 3.125 kNm
max moment from wind is
M,= wL*L/2
w= 0.03 kN/m
L= 250 m
= 0.10 kNm
so total Mz= 3.22 kNm
The max compression in a boom from My is
F= 0.5M/1,
M,= 31.25 kNm
l= 0.3 m
= 52.08 kN
The max compression in a boom from Mz is
F= 0.5M,/1,
M= 3.22 KNm
l,= 0.3 m
= 5.37 kN

so total compression force in boom is
Ng= 57.45 kN
From previous calc the max ultimate compression load in the boom is

N= 86.98 kN
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Eﬂl_l:”l_ﬂ"ﬂ" SHEH Project : . Apollo ladder qu beam cantilever
Element : Alpha 500 Cantilever
Dosument o |01 [onesked:mmr[oate: 0ot z5 | M UMIELESE]
Alpha 500 > 2.5m for lateral torsional buckling
Mp rd= XLT-Wy-fy/Ym
= V@V —ir?)
dur= 0.5*(L+oy *(h7-0.2)+A 17)
M= V(Wyy.f/Mc)
A= sqrt(aWe.fo/M,)
where a= 0.768 Table 6.4
W= 374,039 mm?®
fo= 250 N/mm? Table 3.2b
M= 7 El / L2*sqrt(L°GI/n°El)

Air=

¢LT=

ALT=

for

E=
I_
L=
G=
146529923 Nmm
0.70
0.75
0.98
110.09 kNm
Wpl fo I v
Wp|:
=
ML=
112.21 KNm
7.88 m
PL
P=
L=
98.46 KNm
0.1PL
P=
L=
9.85 KNm

70000 N/mm?
57,040,977 mm*
7,877 mm
1.25E+06 mm* (shapecad)
27000 N/mm?

448,847 mm?®

250 N/mm?
1

12.50 kN
7.88 m

12.50 kN
7.88 m
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max moment from wind is
wL*L/2
w= 0.03 kN/m
L= 7.88 m
0.95 kNm
so total Mz= 10.80 kNm
so M/My+M,/M= 0.99 <1 ok
Deflection
Cantilever max is L/180
PL%/3EI P= 5000 N
L= 3648 mm
E= 70000 N/mm?
I= 57,040,977 mm*
20.27 mm
daow= L/180
20.27 mm
diff= 0.0 mm

Cantilever length limited by deflection to 3.6m
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Alpha 800 <3m length
Max moment from winch is

My= PL
P= 20.00 kN
L= 234 m
= 46.83 KNm (goalseek result)
M,= 0.1PL
P= 20.00 kN
L= 234 m
= 4.68 kNm
max moment from wind is
M,= wL*L/2
w= 0.03 kN/m
L= 234 m
= 0.08 KNm
so total M,= 4.77 KNm
The max compression in a boom from My is
F= 0.5M/1,
M= 46.83 kNm
l.= 0.3 m
= 78.05 kN
The max compression in a boom from Mz is
F= 0.5M,/1,
M= 4.77 KNm
l,= 0.3 m
= 7.95 kN

so total compression force in boom is
Ng= 86.00 kN

From previous calc the max ultimate compression load in the boom is
Nc= 86.98 kN

so the max cantilever length for an alpha 800 winch is 2.34m
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Deflection

Cantilever max is L/180

d=

d=

dallow=

diff=

As 2.34m<2.884m,

PL%/3EI
L=
E=
=
16.02 mm
L/180
16.02 mm
0.0 mm

canitlever is limited to 2.34m.

8000 N
2884 mm
70000 N/mm?
57,040,977 mm*
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ALAT LLHITE DESIGN

Summary

Scaffold components must be as per TG20:13.

GKN steelwork grade must be S355.

Aluminium components to be 6082T6 alloy

This design does not include a check of the existing structure.

Design check is only valid for the extent of the cantilever. Counterweight and
support reactions will be dependent on the length of the back span.

Max Cantilever for Alpha 500=

Max Cantilever for Alpha 800=

3.60 m

2.34 m
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