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1.0

Executive summary
The following calculations are for the sole use of Natasha Mcgihe, regarding the trailer stage.
The stage is sufficient to support an imposed load of 1.5 kN/m2.
The stage is designed to resist a maximum wind speed of 20m/s (44mph).
Bracing layout
The stage is to have a total of 8no. 48.4mm aluminium scaffold pole braces, distributed as shown
on the diagram below.

The following assumptions have been made:
- All SHS members will be welded with continuous 4mm fillet welds.
- Steel is assumed to be S275 mild steel. Scaffold poles are assumed to be standard 48.4mm x 4mm
Aluminium scaffold tubes.
- The trailer is assumed to provide lateral support to the central section.

2.0

Introduction
These calculations have been prepared for the use of Natasha Mcghie concerning the Trailer Stage.
The stage is a 3.6m x 4.8m x 1.2m platform, mounted upon a trailer. Four sections of the deck fold
out on hinges from the trailer, with 4no. extra corner sections to form the rectangular stage.
An 18mm plywood deck is supported upon a steel frame of 20x20x2 SHS beams. The beams are
supported upon the trailer and aluminium scaffold poles. The perimeter scaffold poles are to be
braced further scaffold poles. The corner sections are bolted into the main structure by 6no. evenly
spaced M8 bolts per corner. All 20x20x2 SHS beams are assumed to be welded to each other with
continuous 4mm fillet welds. All steel is assumed to be grade S275. It is assumed all scaffold posts
will be sufficiently connected into the deck above.
The deck is screwed into the 20x20x2 beams at 100mm centres with 3.5mm Tek screws.
Where appropriate the following
calculations:
Weights of materials
Imposed Loading on structures
Steelwork Design
Timber Design

codes of practice have been used in the preparation of these
BS 648
BS 6399
BS 5950
BS 5268
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Below is an exploded plan and isometric view of the stage, and the primary structure.
Red line/dot - 48.4x4mm Aluminium scaffold pole
Green line - 20x20x2 SHS, S275

1.22m
2.44m

1.22m

1.22m

1.22m
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3.0

Loading

3.1

Dead load
20x20x2 SHS
18mm plywood

= 1.07 kg/m
= 10.8 kg/m2

Total UDL

= 0.106 + ((0.011 x 1.22m x 7 / 1.222)= 0.170 kN/m2

Dead load of original trailer - as advised by the client
3.2

Live load
Live load allowance

= 0.011 kN/m
= 0.106 kN/m2

= 400kg

= 1.5 kN/m2

3.3

Notional horizontal load
10% of the live load is applied horizontally to account for any dynamic effects on the stage.

3.4

Wind load
The stage has been designed to a maximum wind speed of 20m/s.
ve

= 252 x 0.613

= 0.383 kPa

Cp - stage folded up
Conservatively treat stage as a signboard
Cp
= 1.8
Cp - stage unfolded
Central section treated as blocked canopy, with unblocked sides
Cp, blocked
= -1.2
Cp, unblocked
= -0.5
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4.0

Structural design checks

4.1

Plywood deck
Check bending capacity of the plywood deck, spanning a maximum of 660mm.
Mapplied
= (1.5 + 0.17) x 0.662 / 8
= 0.09 kNm/m
Assume American plywood, C-D grade. Service class 2, medium term loading
kmod
= 0.86
σbending
= 7.24 N/mm²
Mres
= 7.24 x 0.86 x 182 x 1000 / 6
= 0.33 kNm/m > 0.09 /ok/

4.2

Primary beams
Check bending capacity of 20x20x2 SHS members. All 20x20x2 members are screwed into the
plywood deck at 100mm centres with 3.5mm screws and have been checked as load sharing
members.
1.22m
2.44m
Beam C

1.22m
Beam B

Beam A
1.22m

1.22m

Beam A
Span
Loaded width
Factored load
Mapplied
20x20x2 SHS, s275
I
EI
18mm plywood, 300mm width
I
EI

= 1.18m
= 0.3m
= 1.5 x 1.6 + 0.17 x 1.4
= 2.64 x 0.3 x 1.182 / 8

= 2.64 kN/m2
= 0.14 kNm

= 204/12 - 164/12
= 7872 x 205000

= 7872mm4
= 1.614x109 Nmm2

= 183 x 300/6
= 145800 x 4150

= 145800mm4
= 0.605x109 Nmm2
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Total EI

= (0.605 + 1.614) x 109

= 2.219x109 Nmm2

Bending in steel
Msteel
z
MRd

= 0.14 kNm x 1.614/2.219
= 0.692cm3
= 692 x 275

= 0.10 kNm
= 692mm3
= 0.190 kNm > 0.10 kNm /ok/

Bending in plywood deck
Mtimber
z
MRd

= 0.14-0.10
= 182 x 300 / 6
= 16200 x 0.86 x 7.24

= 0.04 kNm
= 16200mm3
= 0.10 kNm > 0.04 kNm /ok/

Deflection

Beam B
Span
Loaded width
Factored load
Mapplied

= (5 x 0.59 x 11803) / (384 x 2.219 x 106) = 5.69 mm
Deflection = span/207

/ok/

= 0.793m
= 0.64m
= 1.5 x 1.6 + 0.17 x 1.4
= 2.64 x 0.64 x 0.7932 / 8

= 2.64 kN/m2
= 0.13 kNm

= 204/12 - 164/12
= 7872 x 205000

= 7872mm4
= 1.614x109 Nmm2

= 183 x 640/12
= 311040 x 4150

= 311040mm4
= 1.290x109 Nmm2

Total EI

= 1.29 + 1.614

= 2.904x109 Nmm2

Bending in steel
Msteel
z
MRd

= 0.13 x 1.614/2.904
= 0.692cm3
= 692 x 275

= 0.07 kNm
= 692mm3
= 0.190 kNm > 0.13 kNm /ok/

Bending in plywood deck
Mtimber
z
MRd

= 0.13 - 0.07
= 182 x 640/6
= 34560 x 0.86 x 7.24

= 0.06 kNm
= 34560mm3
= 0.215 kNm > 0.06 kNm /ok/

20x20x2 SHS, s275
I
EI
18mm plywood, 640mm width
I
EI

Deflection

= (5 x 0.85 x 7933) / (384 x 2.904 x 106) = 1.90mm
Deflection = span/417

Beam C - Conservatively ignore composite behaviour
Span
= 0.64m
Factored load
= 2.64 x 0.3 x 1.2/2
Mapplied
= 0.48 x 0.64 / 4
Bending in steel
z
Mres
Deflection

/ok/

= 0.48 kN
= 0.08 kNm

= 0.692cm3
= 692mm3
= 692 x 275
= 0.190 kNm > 0.08 kNm /ok/
= (0.48 x 6403) / (48 x 7872 x 205)= 1.62mm
Deflection = span/395
/ok/
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4.3

4.4

Connections
Check worst case shear
Maximum shear

= 2.64 kN/m2 x 0.66m x 0.813m/2 = 0.71 kN

Weld length
Longitudinal weld capacity

= 20 x 4
= 0.616 kN/mm x 80

= 80mm
= 49.3 kN

Scaffold strut
Check 48.4x4mm Aluminium scaffold tubes
Maximum force in scaffold tube = 2.64 kN/m2 x 1.07 m x 0.66m

= 1.86 kN

Buckling resistance of 1.2m long scaffold tube

= 36.5 kN

> 0.92 kN

> 1.86 kN

/ok/

/ok/

Corner section
Each corner section will be connected to the main structure via 6no. equidistant bolts per corner.
Check shear capacity of M8 bolts along one side of the corner section.
Total shear along 1.22m corner
= 2.64 kN/m2 x 0.66m x 1.22m
= 2.13 kN
Shear per bolt
= 2.13 kN / 3
= 0.71 kN
Shear resistance on M8, grade 4.6
Bearing on 2mm thick wall

4.5

= 5.9 kN

> 0.71 kN /ok/

= Pi/2 x 2mm x 8mm x 275 N/mm2= 6.9 kN

> 0.71 kN /ok/

Hinges
The hinges are 76mm wide, 2.5mm thick, connected with a 7mm pin through the plywood and steel
members with M6 bolts at 100mm c/c.

Conservatively assume reaction from incoming 1.22m spanning beam is taken through one bolt.
Check tension capacity of M6 bolts, assuming grade 4.6
Fapplied
= 2.64 kN/m2 x 0.3m x 1.2m/2
= 0.48 kN
FT

= 3.9 kN

Check bending in hinge plate cantilevering 16mm to pin
Mapplied
= 0.62 x 0.016

= 0.010 kNm

Mres

= 2.52 x 100 x 275 / 6

> 0.62 kN /ok/

= 0.028 kNm > 0.01 kNm /ok/
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Check shear in 7mm pin
Fapplied
Conservatively take shear capacity of M6 bolt, grade 4.6
Fs

4.5

= 0.62 kN
= 3.2 kN

> 0.62 kN /ok/

Bracing members
2 no. braces are inserted in each of the corner bays, as shown below. Additional beams and columns
have been removed for clarity. It is assumed the trailer will be able to support lateral loads in the
central section.

Check buckling resistance of bracing members.
Maximum lateral force
= (1.5 kN/m2 x 0.1 x 0.66m x 2.44m) x 1.6 = 0.39 kN
Force in brace
= 0.39 / cos(45)
= 0.55 kN
Buckling resistance of 1.7m scaffold tube
4.6

= 17.5 kN

> 0.55 kN /ok/

Overturning
The weight of the trailer is unknown, calculate the required weight for the stage to resist a
maximum wind speed of 25m/s. A factor of 1.5 is used to resist overturning., Assume the trailer is
1.0m deep and 0.2m above ground level.
Folded stage
Overturning moment
Restoring moment

Unfolded stage
Total uplift

Self weight

= 1.5 x (1.8 x 0.245 kN/m2 x 2.2m x 2.44m x 1.3m)
= 4.62 kNm
= [(400kg x 9.81) + (0.17 kN/m2 x 3.66m x 4.88m)] x 0.66m
= 4.59 kNm by inspection /ok/

= (1.2 x 0.383 kN/m2 x 2.44m x 1.22m) +
(0.5 x 0.383 kN/m2 x 3.66m x 1.22m x 2)
= 2.34 kN
= (400kg x 9.81) + (0.17 kN/m2 x 3.66m x 4.88m)
= 6.96 kN
> 2.34 kN /ok/

