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Summary

This report describes the structural verificatiorthef 4-person, bungee trampoline amusement
device, as manufactured by Airmax LeisureZone.

The structural model of the bungee trampoline dewas generated from drawings provided, see
appendix O, with the modifications shown in figu#e$, 4.3 and 5.1. Since no design calculations had
been carried out by the manufacturer, initial inib® closed form calculations were carried out to
substantiate the results of this analysis, ref A€port S2149-2.

The analysis detailed below was carried out basddadings from various combinations of ride
operation, based on a maximum single passengerah88skg, bouncing with a maximum inertial
acceleration equivalent to 2g.

The results of the analysis and the comparisohedd results with the initial closed-form
calculations, show that all structural and mechartomponents have adequate load-carrying capacity,

based on the loading prescribed above and provigethbdifications detailed below are adopted.
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Description Of Ride

The 4-person bungee trampoline is an amusementaleapable for use either by adult or child
participants. The ride is lightweight and fullyrisportable and is trailer-mounted. It can easilgiseted
and dismantled for use on any suitable site, eéaloors or indoors (providing adequate headraom i
available).

The ride operates by first positioning the paseseng the trampoline. The passenger harness is
then fitted and attached to the bungee ropes,tbareside of the passenger. The number of bungessro
used is adjusted, depending on the estimated ppese1ass, to give the appropriate ‘feel’ to thermsu
of the participant, without exerting excessive i@iforces on the passenger. This is carried osg¢th@n
the experience of the ride operator.

During the ride the participant bounces verticaltyil reaching a maximum height of
approximately 6.5 m. At this point the participaxperiences a feeling of partial weightlessnesghAs
passenger moves progressively higher with eachdeyuihe winding motor reduces the effective length
of the ropes, to permit the passenger to releasgggssively more potential energy with each bounce.

The downwards motion of the participant, at thedst point, is arrested by a combination of the
contact between the participant and the trampalimethe moderate tension in the flexible bungeesop
Note that it is not always necessary for the pigaict to make full contact with the trampoline siome
instances the vertical motion is arrested onlyHgy/liungee ropes. In this case the flexibility @f lungee
ropes would ensure that the maximum inertial foeresreduced.

It is difficult to estimate the maximum passenigeces exerted by the device, due principally to
the wide variation possible in participant mass. eer an acceptable guide would be approximately 2g
absolute maximum inertial acceleration, which wagilce the ride participant a sensation of twice body
mass when bouncing.

A typical view of the 4-person bungee trampolisshown irffigure 1.1.
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Method Of Analysis

The analysis of the 4-person bungee trampolinecdenvas performed using the ANSYS finite
element program. The structural model of the dewias generated from drawings provided with the
modification detailed in figures 4.1, 4.3 and 5.1.

The analysis of the bungee-trampoline structure peaformed with regard to the initial in-house

closed form verification, ref 2149-2.

1) Structural Analysis
The finite element model of the main structure gaserated using a combination of BEAM4,

LINK10, CONTACT52, MPC184, COMBIN14 and MASS21 elent types. The BEAM4, 3-
dimensional prismatic beam elements were used tehtloe majority of the ride which included; the
trailer chassis, various connecting bolts and ghmes support arms and the aluminium poles. Theseros
sectional properties of these elements were gbb&e of the frame and support pole members, as
appropriate. The LINK10, 3-dimensional, tensionyoglements were used to model the steel guy ropes
which constrained the top of each support polethadungee ropes. This element type can sustayn onl
tensile loads and is removed from the element foatrari if the forces are equal to, or less than .ZEne
cross-sectional area of the element was set twfthhe steel rope, as appropriate. The CONTACT52, 3
dimensional, compression-only contact elements weeel to model the contact between the base frame
and ground. The stiffness of these elements wae sgisure that there was no interpenetration etwe
the frame and the ground. Also this ensured thatlditbe frame lift from the ground during loading
these elements would be removed from the elememufation. The MPC184 3-dimensional constraint
elements were used to model various welded joimthe structure. This element was set to trandfer a
forces and moments between 2 nodal positions. TORBIN14 3-dimsional torsional spring element
was used to simulate the action of the pulleybatop of the aluminium poles. The MASS21 3-
dimension mass elements, without rotational ineveae used to model the mass of the winch motor and
the mass of the trailer wheels and stub axles.

The finite element model comprised a total of 8&#nments (762 beam elements, 24 tension-only
elements, 6 contact elements, 16 constraint elean@norsional spring elements and 6 mass elements)
and 813 nodes. The finite element model of theaterd shown in figure 1.2.

Note that due to the inherent flexibility of thieusture a large deflexion analysis was performed,
to ensure increased accuracy in predicting deflex&rd also to include any secondary bending or
tension effects in the resultdence the analysis was non-linear (due to the tilsege deflexion effects
and non-linear element types) and the model reactveeergence to within 0.5% of the overall load on

the structure.
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The verification of the steel components was uradkert in accordance with the requirements of
BS449-2:1969, hence ensuring all working stresszsvall within the elastic limit of the material.
Therefore the following 4 load cases were usecetdwthe steel structure.

i) Load Case 1

This load case represented the first of two otltadéince load conditions. In this load case a sing|
passenger loading was applied at one passengenstlie loading on the passenger was equivalent to
29, based on a passenger mass of 90 kg and astoase, the bungee ropes were assumed to be in the
position where the participant would be in contaith the trampoline. This position would be
concomitant with a passenger reaching these aetieles at the bottom of the bounce. Further detdils
the passenger loading aleown in calculation sheet 1.

In addition to the loads described above, thewelfht loading of the structure was included
automatically by the finite element program, fdrlead cases, based on the steel and aluminiumtasns

shown below and an acceleration due to gravity.®f on/$

i) Load Case 2

This load cases represented the second of twofdwdlance load conditions. This load case was
similar to load case 1 except that the loadinghenstructure was derived from two passengers,
positioned on adjacent sides of the structure.pthipose of this load case was to examine the sffact

the structure due to unbalanced loading on the@upples, at adjacent sides of the frame.

lii) Load Case 3
This load case was again similar to load caseitlwith passenger loading applied at two opposite
passenger stations. The purpose of this load cas@¢orexamine the effects on the structure due to

extreme opposing loads
Iv) Load Case 4

The purpose of this load case was to examineftbetg on the structure due to the maximum

imposed loading. Therefore forces were appliedl &ar stations.
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To verify the aluminium sections the following@ld cases were created in accordance with BS
EN 1999-1:2007 and BS EN 1990:2002;

v) Load Case 5 = 1.35xDead load + 1.5x Imposed tzddiled in load case 1
vi) Load Case 6 = 1.35xDead load + 1.5x Imposed bietailed in load case 2
vii) Load Case 7 = 1.35xDead load + 1.5x ImposediIdetailed in load case 3
viii) Load Case 8 = 1.35xDead load + 1.5x Impossatildetailed in load case 4
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2) Material Properties And Component Capacities

a) The material properties for the aluminium sedioged for the analysis were based on grade 6060

T66 aluminium, as follows:

E = 70000 N/mrh(Young’s modulus)
= 0.316 (Poisson’s ratio)
0.2 = 150 N/mnf (0.2% Proof strength)
= 2710 kg/m (Density)

The material certificate for the aluminium secias shown in Appendix A

b) The material properties for the steel sectiomsl dsr the analysis were based on grade S235

structural steel (as specified by the device mastufar), as follows:

E = 207000 N/mrm(Young’s modulus)
= 0.28 (Poisson’s ratio)
y = 235 N/mn (Yield strength)
= 7850 kg/m (Density)

The material certificate for the steel sectionshiswn in Appendix B

C) The steel ropes are a standard 6x19 configuratiih,a fibre core, to DIN 3055, with a
maximum capacity of 9.41 kN. Based on a maximursiterfiorce of 3.1 kN this will be acceptable. The

certificate of conformity for the steel rope is shmoiw Appendix C.

d) The certificate of conformity for the carabinestsown in Appendix D. A carabiner of size 12
mm has a loading capacity of 4.4 kN, this will la@sfactory based on maximum load of 3.1 kN

e) The certificate of conformity for the bungee hamssshown in Appendix E and has a maximum
load capacity of 7.8 KN. This will be satisfactdrgsed on a maximum load of 1.76 kKN. A number of
harnesses are supplied to suit various body di#msever, it is imperative that operator ensures tiina

appropriate size harness is fitted correctly

f) The certificate of conformity for the D-Shacklesisown in Appendix F. A D-Shackle of size 12
mm has a loading capacity of 5.1 kN, this will la¢isfactory based on maximum load of 3.1 kN
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Q) The certificate of conformity for the eye-nut iosin in Appendix G. An M10 eye-nut has a
loading capacity of 3.13 kN, this will be satisfargt based on maximum load of 3.1 kN

h) The certificate of conformity for the rope clipgseown in Appendix H. However once the steel
ropes have been set to the correct length youneéd to fit a swage clamp to ensure the steelecapeot

slip.

)] The certificate of conformity for the turnbucklesBown in Appendix I. An M12 turnbuckle has a

breaking load capacity of 7.6 kN, this will be sédctory based on maximum load of 3.1 kN

) The test certificate for the bungee cord is shawAppendix J. The bungee cord has a safe

working load of 1.9 kN, this will be satisfactorgded on a maximum tensile load of 1 kN.

K) The certificate of conformity for the winch motarshown in Appendix K. The winch motor has a
working load capacity of 4.9 kg, this will be sd#ictory based on maximum load of 1.76 kN

) The worst case condition for alternating striesa weld is 69 N/mr) as detailed in calculation

sheet 15. This weld has been verified and givaatigue life expectancy of 2 years.

The results of the analysis are presented below.
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Results

Maximum _ _
o Maximum Reaction Forces (kN)
Stresses In Stress In Steel| Utilisation Factor _ .
Load o Forces in Steel | Overall Deflexion
Aluminium Beam | Plate Structure In Steel And
Case 5 o Ropes (kN) In Structure (mm)
Structure (N/mm) (N/mnr) Aluminium Fx Fy Fz
Sections
1 - 17.3|  0.7xfigure 2.2) 2.4| 139.1%figure 2.7) 0.17 4.30 -0.15
2 - 21.3|  o.87figure 2.3)|  3.A(figure 2.6)| 231.77figure 2.8) -0.80 3.67 -0.79
3 - 21.6|  0.62figure 2.4) 2.3|  49.74figure 2.9) 0.04 4.38 0.04
4 -| 21.9(figure 2.1)| o 8qfigure 2.5) 2.1| 64.0figure 2.10) 0.02 6.20 0.14
5 -25.&figure 2.11) - 0.51 - - - - -
6 -125 Ffigure 2.12) - 0.82 - - - - -
7 -48.Kfigure 2.13) - 0.56 - - - - -
8 -73.Kfigure 2.14) - 0.77 - - - - -

Table 1 — Summary Of Results For Stresses, Utihsdtactors Deflexions And Base Reaction Forces
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Note:
) The stresses quoted above are the most sevettamation of bending and axial stress in any stmattcomponent.
i) The stresses quoted in table 1 above for theetructures are the von-Mises stress compoaadtshould be compared directly with the

material yield or proof strength, when examiningdtastic failure, i.e.
Hrb cz b cz b C2G
eyl s, @s, +5,@s, + 5.5,

i) The deflexion quoted above is the vector surthefindividual Cartesian deflexion components.

i) The determination of the structural capacitidghe various components of the device, the aasesst of the critical joints and the fatigue
assessment of the critical welds are shown in Gion sheets 2 to 18.

iv) The max reaction of 6.2 kN is equivalent toaarerage pressure on the ground of 155 KNiimen a 200x200 mm packing point has been used
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Conclusions

The forces determined from the present analysis are cotasumiith those predicted by the in-
house closed-form design verification report of this ridEAICA report S2149-2. The small
discrepancies between the predictions from the closed-ferification and this analysis arise mainly
from the method of analysis used in each case. The analysezliaart in the present study uses a non-
linear approach, which more accurately predicts stressedediexions. In addition to this the closed-
form calculations cannot account for the stabilisingesbBlipporting the top of each aluminium pole.
Notwithstanding this, the forces resulting from eachvildial analysis are sufficiently close to ensure
that there is no major discrepancy in the resulting stsemse deflexions.

The stresses predicted in the aluminium support polesdgran utilisation factor of 0.82 (based
on a limit state analysis to BS EN 1999-1-1:2007), which lglésadequate based on the permissible
value of unity.

For the base frame, the stresses in the steel plates fahmimgnch motor mounting points
provide a minimum factor of safety of approximately 10.7 [dad case 4), this will be acceptable based
on a yield strength of 235 N/nfirin addition to this the combination of axial force and fremdhoments
in any member provided a maximum utilisation factor of OB&&ed on the permissible value of unity
this again will be acceptablelowever it is imperative that you adopt the modéfimns to the winch

motor fixing detail and trailer chassis as shown figures 4.3 and 5.1

The maximum deflexion in the structure represents appaigly1/26 of the overall height of the
device (for load case 2). Whilst this would be excessiva &iatic structure the deflexions result from
dynamic loads and sway of the structure, rather than statical deflexion. Hence, since the stresses are
relatively low in this component the dynamic deflexion i§/ftecoverable and will be acceptable.

The welds connecting the 30x30x3 SHS supporting the wiratbreito the 30x30x2 SHS
forming the trailer chassis, shown in figure 4.5, were idextifs the critical welds on the structure. They
have been given a predicted fatigue life of approximatelge?s, based on a Miner’s rule summation for
operation of the device for 240 days per year at 5 workingshper day (see calculation sheet 18).
However it is imperative that an additional 80x80xgisset plate be welded at the base of each
outrigger as shown in figure 4.1.

The analysis of the critical pin and bolted connectiorsyshin calculation sheets 15 and 16,
demonstrates that the stresses in the pin connection hegreade strength for the proposed maximum
loading.

The material and component certificates provided by threufiacturer and owner demonstrate
that those components have adequate load—carrying gafeadhe proposed maximum loading. Note
that since the trampoline structure is a proprietary tteahis TUV certified no further analysis has been

undertaken. However the operator must ensure that trarapalmnot move laterally during use. It is
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recommended that the trampolines are secured and anch@sition or weights are used to prevent
movement. Additionally it is the responsibility of the ogder to ensure the participants are using the
device correctly within the confines of the trampoline.

Note finally that the operator should be vigilant to ensr@assengers greater than 80 kg in mass
are allowed to use the ride.

It is clear therefore that all components have sufficieahgth to provide a satisfactory working
life for the device, based on the assumed maximum loadingdprg the recommendations detailed

below are adopted.
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Recommendations

From the results of the analysis clearly there are no pahsipuctural components on the device
which require specific detailed periodic inspection or otetailed investigation, other than the critical
welds detailed below.

Nevertheless it would be prudent to periodically checkritemgyrity of all components on a regular
basis. Hence the operator should periodically (daily)aosfor parent material or weld cracks,
particularly the critical weldslhe critical welds on the trailer and outriggers should bpaated non-
destructively on an annual basis.

Additionally, all fixing ropes and bungee ropes should Bpeoted daily and replaced as
necessary if there is any evidence of damage and/or fraying

Whilst the ride could not be classed as extremely boisseihere would be a category of people
for which the ride would not be suitable. For example itlddne suggested that the following should not
be allowed to participate in the ride experience:

Very small children (unless under strict supervisiomftbe operator).

People with a history of neck/back or other skeletal iegior other medical problems.

People with a history of heart problems.

Pregnant women.

People with obvious physical and/or mental disabilitiesywhom the ride clearly would not be
suitable and whose use of the ride would be likely to causeyithis is the responsibility of the
operator, who clearly must be experienced in making thggnedht).

It would be appropriate to display signage at the ridaratrindicating the ride would not be
suitable for the above category of participants.

The maximum ground bearing pressure, beneath the ride basedicted to be an average of 155
kN/m?, based on a 200 mm x 200 mm footprint. This bearing pressuregaate for most sites on
consolidated ground. However it is the responsibility ofrithe operator to ensure that the site is capable
of carrying this ground pressure.

For passenger safety and to prevent overturning, theedsivauld not be operated in wind speeds

greater than 8 m/s.
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By the nature of the ride, the inertial forces experiengetthé ride participants are governed by
the set-up of the bungee rope arrangement, which is striadigruhe control of the operator. It is
imperative therefore that only very experienced opesatbould be allowed to control the ride.

Additionally, to prevent collision with spectators, sulébarriers must be placed at least 1.5 m
from the extreme outer edges of the trampolines or opgrativelope of the bungee. Also the operator

must be vigilant to misuse by the participants and/or afmst If this should occur the device must be
halted immediately.

R. Anderson
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Figure 1.1 — Typical View Of Bungee Trampoline
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Structural Analysis Of Bungee Trampoline
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Figure 1.2 — Finite Element Model Of Bungee Tranml
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Figure 2.1 — Stresses In Steel Plate Structure,Tousoad Case 4

Maximum Stress = 21.9 N/nfm
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Figure 2.2 — Utilisation Factors In Steel beam &tree, Due To Load Case 1

Maximum Utilisation Factor = 0.71
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Figure 2.3 — Utilisation Factors In Steel beam &tree, Due To Load Case 2

Maximum Utilisation Factor = 0.87

Page 20 of 85

PLOT NO. 1
LIME 5TRESS
STEP=2

SUB =10
TIME=2

UFAlI UFAJ
MIN =0
ELEM=823
MAX =87194
ELEM=50

i}
682
183764
200647
387529
AB4411
581293
BT TG
J75058
87194

BOCU0E0C0N

©2013 ACA S2149-1 Revision B



Structural Analysis Of Bungee Trampoline

ACA

Engineering
Consultenty

Figure 2.4 — Utilisation Factors In Steel beam &tree, Due To Load Case 3

Maximum Utilisation Factor = 0.62
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Figure 2.5 — Utilisation Factors In Steel beam &tree, Due To Load Case 4

Maximum Utilisation Factor = 0.85
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Figure 2.6 — Forces In Steel Ropes, Due To Loa@ Qas

Maximum Force = 3.1 kN
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Figure 2.7 — Overall Deflexion In Structure, Due Oaad Case 1

Maximum Deflexion = 139.11 mm
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Figure 2.8 — Overall Deflexion In Structure, Due Oaad Case 2
Maximum Deflexion = 231.77 mm
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Figure 2.9 — Overall Deflexion In Structure, Due Oaad Case 3
Maximum Deflexion = 49.74 mm
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Figure 2.10 — Overall Deflexion In Structure, Due Doad Case 4
Maximum Deflexion = 64.08 mm
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Figure 2.11 — Stresses In Aluminium Beam Structiee To Load Case 5
Maximum Stress = 25.6 N/nfm
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SMX =-.396023
-125.471
=111.574
Q7 677
-83.78
-G0.882
-55.985
-42 088
-28.191
-14,293
-396023

BOCU0E0C0N

Figure 2.12 — Stresses In Aluminium Beam StructbDree To Load Case 6

Maximum Stress = -125.5 N/nfm
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PLOT NO. 1
ACA ELEMENT SOLUTION
Engmesring|  STEP=F
Consultenty SUB =55
TIME=7
SMINS  (NOAVG)
TOP

DMX =73.553
SMM =-43.084
e SMX =-5348

] -48.084
<43 447
-38.81
-34.172
-20.535
=24 897
-20.26
-15.623
-10.985
-6.348

BOCU0E0C0N

: N

Structural Analysis Of Bungee Trampoline

Figure 2.13 — Stresses In Aluminium Beam StructbDree To Load Case 7
Maximum Stress = -48.1 N/nfm
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Structural Analysis Of Bungee Trampoline

PLOT NO. 1
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SMINS  (NCAVG)
TOP

DMK =95 885
SN =-73.132
SMX =-7.934
-73.132
-£5.888
-58.644
-51.399
-44.155
=36.911
-20.667
22422
-15.178
-7.934

BOCU0E0C0N

Figure 2.14 — Stresses In Aluminium Beam StructbDres To Load Case 8

Maximum Stress =-73.1 N/mm2
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Structural Analysis Of Bungee Trampoline

ACA

Engmemring
Consulienis

Figure 3.1 — Axial Forces In Aluminium Beam StruetuDue To Load Case 8

Maximum Axial Force = 11.6 kN
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PLOT NO. 1
LIME 5TRESS
STEP=8

SUB =10
TIME=8

FaXl FAX)
MIN =-11550
ELEM=580
MAX =-8300
ELEM=778&
-11550
=11200
=10850
-10500
-10149
-9739
-0449
-q099
-8749
-B399

BOU0E000N
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Structural Analysis Of Bungee Trampoline

ACA

Engineering
Consultenty

PLOT NO. 1

LIME 5TRESS

STEP=8

SUB =10

TIME=8

MZZI MIL)

MIN == 105E+07

ELEM=778

MAX = 105E+07

ELEMI??I?}S E+07

=g

-585237

=3 -351142

= =117047

= 117047

=] 351142

=] SRLZ3T

= 81931
J0sE+07

Figure 3.2 — Bending Moments About Major Axis InuAlinium Beam Structure, Due To Load Case 8

Maximum Bending Moment = 1.05 kNm
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Structural Analysis Of Bungee Trampoline

ACA

Engineering
Consultenty

PLOTNO. 1
LIME STRESS
STEP=8

sUB =10
TIME=8

MYYl MYY)
MIN =-B18345

ELEM=783

-818345
626812
435279
-243746
-52213
139320
330853
522386
713919
905452

Figure 3.3 — Bending Moments About Major Axis InuAlinium Beam Structure, Due To Load Case 8

Maximum Bending Moment = 0.91 kNm
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Weld connecting
outrigger leg to upright.
Weld analysis 4.1

=
~
C\:.
-
A =7
Lo
s
3 o
\ /@(
\\lb_ A ™
i

I

Front view
Scale: 1: 13

Figure 4.1 — Critical Welds
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Additional 80x80x6 gusset
plate require with 3 mm fillet
weld all round

3
| —
eft view
ol e 1: 15
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N
|

Weld connecting

80x40x3 RHS outrigger
bracket to trailer chassis.
Weld analysis 4.2

Figure 4.2 — Critical Welds
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90

Q0 200%7100x10 UEA CUT TO SUIT

Weld connecting motor
mounting angle to 30x30x3
SHS. Weld analysis 4.4

203

2-0FF 30X30X3 SHS REPLACING 30X30X2 EA

Figure 4.3 — Critical Welds
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T ACA

Empanearing
Caneul s

Weld connecting 30x30x3 SHS
supporting winch to 30x302
SHS on trailer chassis. Weld

analysis 4.5

Structural Analysis Of Bungee Trampoline

Figure 4.4 — Critical Welds
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=)

30x30x2 SHS replaced wit
30x30x3 SHS

30x30x2 EA replace with
2-off 30x30x3 SHS. Space
as shown in figure 4.3

j®N

Figure 5.1 — Modifications To Chassis Structure
Plan View
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Appendix A - Certificate Of Conformity For Aluminiu m Support Poles

Figure Al — Conformity Certificate For Aluminium GradeO6& T5 Support Poles
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Appendix B - Certificate Of Conformity For Steel Setions.

Figure B1 — Conformity Certificate For 80x40x3 RHS
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Figure B2 — Conformity Certificate For 30x30x2 SHS
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Appendix C - Conformity Certificate For Steel Cabks

Figure C1 — Conformity Certificate For Steel Cables
Load Capacity = 9.41 kN
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Appendix D — Conformity Certificate For Carabineer

Figure D1 — Conformity Certificate For 12mm Diameter Gareer
Load Capacity = 450 kg
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Appendix E — Conformity Certificate For Bungee Harrness

Figure E1 — Conformity Certificate For Bungee Harness
Load Capacity = 800 kg
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Appendix F - Certificate Of Conformity For D-Shackle

Figure F1 — Conformity Certificate For M12 D-Shackles
Load Capacity = 520 kg
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Appendix G — Certificate Of Conformity For Eye-Nut

Figure G1 — Conformity Certificate For M10 Eye-Nut
Load Capacity = 320 kg
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Appendix H - Certificate Of Conformity For Rope Clip

Figure H1 — Conformity Certificate For Wire Rope Clip
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Appendix | — Certificate Of Conformity For Turnbuck le

Figure I1 — Certificate Of Conformity For M12 Turnbuckle
Load Capacity = 310 kg
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Appendix J — Test Certificate For Bungee Cords

Figure J1 — Conformity Certificate For Bungee Cords
Safe Working Load = 1.9 kN
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Appendix K — Conformity Certificate For Winch Motor

Figure K1 = Conformity Certificate For Winch Motavilodel HJ203

Load Capacity = 500 kg
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Appendix L — Conformity Certificate For Trampoline

Figure L1 — TUV Certificate Of Conformity For Trampoli&ructure
Maximum User Weight = 100 kg
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Appendix M — Risk Assessment

Severity

1 - None or Trivial injury / illness / loss - 1 gen at risk.

2 - Minor injury. Minor first aid required only - pJto 5 persons at risk.

3 - Injury (reportable). Moderate loss - Up to Hygons at risk.

4 - Major injury / severe incapacity. Serious Iddp.to 25 persons at risk
5 - Fatality / incapacity. Widespread loss. - 2%mare persons involved.

Likelihood

Severity

Likelihood
1 - Improbable
2 - Remote
3 - Possible
4 - Likely
5 - Almost Certain

When calculating the risk the number of personss&g and the frequency of exposure to the risk st
taken into account.

Risks that calculate as high MUST have further mdmheasures put into place that reduce the risk
BEFORE the activity is carried out.

Medium risk factors should have more control measimtroduced where possible to reduce the riskeo
lowest possible risk.
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Risk Area
Remaining
Hazard Risk & Identity of Persons Affected Risk Control Measures Risk
Severity Severity
S|L|RR S|L|RR
Uneven | Ride may be unlevel. Risk of becoming All work force to be trained and supervisor to have
ground | unstable and overturning on packing blocks. appropriate experience.
Serious injury or death to participants, Ground should be assessed prior to build up
operators and nearby public Always try to assemble on most level ground
5| 4| H | Use adequate and sufficient packing blocks 512| L
Regular visual checks on packing areas by trained
personnel, re-pack if and when necessary.
To be assembled as per manufacturers operating
manual.
Soft Risk of ride leveling/packing points sinking All work force to be trained and supervisor to have
ground | into ground. appropriate experience.
Ride may become unstable and risk of Ground should be assessed prior to build up
overturning Always try to build up on most stable ground pokesik
5| 3| M | Use adequate and sufficient packing blocks 52| L
Serious injury or death to participants, Regular visual checks on packing areas by trained
operators and nearby public personnel, re-pack if and when necessary
To be assembled as per manufacturers operating
manual.
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Risk

Structural failure

Remaining
Hazard Risk & ldentity of Persons Affected R'Sk. Control Measures R'Sk.
Severity Severity
S|L|RR S|L|RR
Failure of Ride could become unstable and collapse] Daily and periodic checks and maintenance by
welds on Serious injury or death to participants, adequately trained workforce
base frame | operators and nearby public Adequately trained workforce in operation and
evacuation of the ride
5| 3| M | Repair as and when necessary by qualified/competént 2 | L
person
Device not to be opened until repairs etc carrigtd o
Annual inspection and NDT by RIB
Refer to manufacturers instruction
Failure of Main arm could collapse Daily and periodic checks and maintenance by
pins/brackets Serious injury or death to participants, adequately trained workforce
supporting | operators and nearby public Adequately trained workforce in operation and
& evacuation of the ride
connecting 5| 3| M | Repair as and when necessary by qualified/competént 1 | L
main person
aluminum Device not to be opened until repairs etc carrigd o
arms Annual inspection and NDT by RIB
Refer to manufacturers instruction
Failure of Main arm could collapse Daily and periodic checks and maintenance by
aluminum Serious injury or death to participants, adequately trained workforce
arms operators and nearby public Adequately trained workforce in operation and
evacuation of the ride
5| 3| M | Repair as and when necessary by qualified/competént 1 | L
person
Device not to be opened until repairs etc carrigtd o
Annual inspection and NDT by RIB
Refer to manufacturers instruction
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Risk Structural failure

Remaining
Risk Risk
Severity Control Measures Severity
S| L|RR S| L|RR

Hazard Risk & Identity of Persons Affected

Failure of Participant would not be supported by Daily and periodic checks and maintenance by
winch rope | bungee. adequately trained workforce

Risk of falling from height/being thrown Adequately trained workforce in operation and
from ride. Serious injury to participants evacuation of the ride

Winch to meet loading requirements as specified by
4 | 3| M | operating manual and this design review 41| L
Replace bungee as and when necessary by
gualified/competent person

Device not to be opened until repairs etc carrigd o
Annual inspection and NDT by RIB

Refer to manufacturers instruction

Failure of Main arm could collapse Daily and periodic checks and maintenance by
harness Serious injury or death to participants, adequately trained workforce

operators and nearby public Adequately trained workforce in operation and
evacuation of the ride

Harness to meet loading requirements as specified b
operating manual and this design review
Replace as and when necessary by
qualified/competent person

Ensure harness is correct size for participant.
Adequately trained operators to ensure harnesses|ar
fitted correctly

Device not to be opened until repairs etc carrigd o
Annual inspection and NDT by RIB

Refer to manufacturers instruction

Page 56 of 85 ©2013 ACA S2149-1 Revision B



Risk Structural failure

Remaining
Risk Risk
Severity Control Measures Severity
S| L|RR S| L|RR

Hazard Risk & Identity of Persons Affected

Failure of Participant would not be supported by Daily and periodic checks and maintenance on
electric bungee. electrics and power source, and generator for-rwate
winch Risk of falling from height/being thrown oil-diesel, by adequately trained workforce
from ride. Serious injury to participants Adequately trained workforce in operation and
evacuation of the ride 4
Repair as and when necessary by qualified/competent
person

Device not to be opened until repairs etc carrigtd o
Annual inspection, and Electrical test by RIB
Refer to manufacturers instruction

Electric Risk of major injury or death to operators, All required MCB’s and RCD'’s in place

shock participants and nearby public Daily and periodic checks and maintenance on
electrics by adequately trained workforce
Adequately trained workforce in operation and
evacuation of the ride 5
Repair as and when necessary by qualified/competent
person

Device not to be opened until repairs etc carrigtd o
Annual Electrical test by RIB

Refer to manufacturers instruction
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Risk

Structural failure

Remaining
Hazard Risk & ldentity of Persons Affected R'Sk. Control Measures R'Sk.
Severity Severity
S|L|RR S|L|RR
High winds | Risk of major injury or death from Adequately trained workforce in operation and
participant being blown off normal evacuation of the ride
trajectory to overturn of ride Sufficient checks and maintenance throughout
operation by adequately trained persons
Device to be operated only in wind speeds as
5| 3| M | specified by the manufacturer and in the design 51| L
review.
Device to be disassembled in wind speeds greatel
than 8 m/s.
Device to be guy roped down if excessive movement
results when not in use
Age of This type of ride may cause distress to Adequately trained workforce in operation and
passengers | young participants. evacuation of the ride
Young riders may lack the ability to Injuries etc are not always visible to
understand the dangers associated with | 2 | 2 | L | operator/attendants therefore safety and instnoatio] 2 | 1 | L
misbehaving on this ride signage should be clearly visible
Operator to give verbal instruction if necessary
Refer to manufacturers instruction
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This risk assessment report covers the operatidmecdttraction when used as an amusement devisdbdsed on an overview of the risks
associated with the device. It does not cover let@miomponent failure. The assessment is basedgineering and operational aspects of the device
and does not take into account personal or legislaisks. Each hazard/risk has been reviewed iddally to ensure that all required actions haverbe
taken to reduce the risk, so far as reasonablytipadate and in line with the manufacturer's recomuatetion. As there is no statistical data availdbie
risk assessment is based on the experience, judgeme knowledge of the device by the manufactamervarious Owner/Operators. There is a
manufacturers operation manual in place for owwoatfoller reference.

NB;

Operation and maintenance should only be carrie¢tbpan adequately trained adult after instructiad training from the manufacturer.

When the ‘Bungee Trampoline’ is owned/controlledamyone other than the manufacturer if there ispamyof the assessment or operations manual
that they do not understand they should consultrtheufacturer as soon as possible.

All maintenance and training should be documented.

The manufacturer’s instruction should be followedlatimes
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Appendix N — Non-Destructive Test schedule

BUNGEE TRAMPOLINE RIDE NDT SCHEDULE FOR ROUTINE TES TING OF CRITICAL PARTS

Item Description/Location Test Method Frequency OfTest

Trailer chassis Welds on trailer chassis at poarfitsre out riggers MPI Annually
connect to chassis.

Weld connecting arm support to chassis

Arm pins All pins in the ends of the arms connegtinms to UTS/MPI Annually
trailer chassis

Arm joints All joint brackets Visual Daily By Operator
Annually

Winch rope Winch ropes Visual Daily By Operator
Annually

Bungee cords Bungee cords Visual Daily By Operator
Annually

Harness Harness Visual/ Daily By Operator
Functional Annually

Winch motor Winch motor and winch motor anchor bolt Visual/ Daily By Operator
Functional/ Tightness check Annually

100% of all items listed must be visually examinedess stated.

Any and all defects found must be reported toAt:

Any previous weld repairs must be recorded.

Any areas outside the scope of the schedule neuskédmined by the NDT engineer if deemed relevantl,reported to the AIB
Eddy Current may be used as an alternative oonmbtnation with other listed Test Methods whererappate.
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All items to be sufficiently dismantled for propemd adequate NDE
Remove any flaky paint, corrosion and de-greasend&ning paint layers to be no more than the mamirthickness to allow proper and
adequate NDE
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Appendix O — Fabrication Drawings Of Bungee Trampaine

Figure O1 — Details Of Trailer Chassis
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Figure O2 — Modified Details Of Trailer Chassiswear Section Only
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Figure O3 — Modified Details Of Trailer Chassis pT®ection Only

Page 64 of 85 ©2013 ACA S2149-1 Revision B



Figure O4 — Details Of Pole Support Bracket
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Figure O5 — Details Of Outrigger
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Figure O6 — Details Of Aluminium Pole, Upper Segtio
Overall Length Of Arm As Specified by Client = 6m
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Calculations

Advanced Computational Anysis

4a, Main Road, Gedling, Nottingham. NG4 3HP
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk

Client :Airmax Inflatable = ACA Contract No S2149-1 ACA
Date : 27 February2013

Engineering
Description :Structural Verification Of Trailer Mounted 4-Pers@&ungee Consultants
Trampoline
1.0
1.1 Self weight
Self weight loading was included automatically by the FEgpamn,
based on material densities an acceleration due to grafigy&lm/ s
Estimated mass of harnesd0kg
Estimated mass of winch moteB0kg
Estimated mass of wheel and stub ax#0kg each
12 Passenger loading
' Passenger mass80kg
Equivalent acceleratior 2x9.81=19.62m/ s
. a
Equivalent force=19.6X 80+ 10 =1766N
Prepared ByR. Anderson Checked By Dr M. Lacey
© ACA 2013 Section: 1 Sheet: 1 of 18
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Advanced Computational Analys

4a, Main Road, Gedling, Nottingham. NG4 3HP.
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk ACA

Contract N0S2149 Engineering

Consultants

2.0 Section Verification
21 Load Casd
Steel Plate Section
Sm=17.3N/mn¥ < 235N/ mn?
235

Factor of safety onyield sf{,fgﬁféféﬁ 173" 13.6Satisfactory

Maximum deflexior 139.11

Suggest perm issible GEHEY @Fﬁ%ﬁdﬁg 61%%0= 33.33mm

fEAS9- 11 4 55 5 1 satisfactory Based On Dynamic Deflexion

33

2.2 Load Case
Steel Plate Section

Sm=21.3N/mn¥ < 235N/ mn?

fgg]f235

Factor of safety on yield stf‘lfgﬁfé 513~ 11.0Satisfactory

Maximum deflexiomr 231.77

Suggest perm issible (EHEY @Wﬁ‘gﬂ‘ﬂ 61%%0= 33.33mm

RS 776 o5 5 1Satisfactory Based On Dynamic Deflexion

33.33
2:3 Load Case3
Steel Plate Section
Sym=21.6N/mn¥ < 235N/ mn?
Factor of safety on yield st{rfgﬁféftfﬁfgf 56: 10.9Satisfactory
Maximum deflexiosr 139.11
Suggest perm issiblefaféﬁggm%%ﬁg ﬁ1%%0= 33.33mm
e gg;g: 1.49 > 1Satisfactory Based On Dynamic Deflexion
Prepared ByR. Anderson Checked ByDr M. Lacey
© ACA 2013 Section: 2 Sheet: 2 18
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Advanced Computational Analys
4a, Main Road, Gedling, Nottingham. NG4 3HP.
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk ACA
Contract NoS2149 Engineering
Consultants
2.4 Load Case 4
Steel Plate Section
Sym=21.9N/mn¥ < 235N/ mn?
Factor of safety on yield stlflrgﬁfégﬁfz‘?f%: 10.7Satisfactory
Maximum deflexior 231.77
Suggest perm issibIefélfc-gffliatgf@Wﬁﬁwg 6000: 33.33mm
180 180
e ggggz 1.92 > 1Satisfactory Based On Dynamic Deflexion
Prepared ByR. Anderson Checked ByDr M. Lacey
© ACA 2013 Section: 2 Sheet: 3 1I#:
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Advanced Computational Analys

4a, Main Road, Gedling, Nottingham. NG4 3HP.
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk ACA
Engineering

Contract NoS2149

Consultants

3.0 Section capacities of steel sections in accordance with B449 @2:1969
permissible stresses have been rjéfcmgé@gfor grade 235steel

Real constan? @80x40x3 RHS, component AA

cececk e ””.-.—4-460(0_85
TP ereeeeesT TrTgTH :761
16.3 '

P. = 97x674x10%° = 65.4kN

p, = 145x674x10%° = 97.7kN
M,, = 154x13.6d.0%° = 2.09kNm
M, = 154x9x10°° = 1.39kNm

3.2 Real constan8 @60x20x2 RHS, component AB
eheeececccccccccccccleccccce 500(085
TTTTTTTTTTTTTTrT g iarTse —

= g3 51
pe = 122%304x10%° = 37.1kN

p, = 145¢304x10%° = 44.1kN
M,, = 154x4.19d40%° = 0.65kNm
M, = 154x2.090°° = 0.32kNm

3.3 Real constand @30x30x2 SHS, component AC

frccckeccccccereeeerocdoccccck ABK0.85
A S -109
11.4

p. = 72x220x10%° = 15.8kN
p, = 145x220x10%° = 31.9kN
M, = 154x1.89d40%° = 0.29kNm

Real constan? @80x80x3 SHS, component AD
eheceeececperccccccd zzzzxzﬁ680(1'5
TP rr e g i TH —
['L 313 ~805
pe = 93x914x10%° = 85kN

p, = 145x914x10%° = 132.5kN
M, = 154x22.5d0%° = 3.47kNm

Prepared ByR. Anderson Checked ByDr M. Lacey

© ACA 2013 Section: 3 Sheet: 4 1
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Advanced Computational Analys

4a, Main Road, Gedling, Nottingham. NG4 3HP.
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk ACA
Contract NoS2149 Engineering
Consultants

rrrrrrrrrrrrrrrrrr

Real constant 10 @50x50x4 SHS @component AE

—h

rrrrrrrrrrrrrrrrrr

111111900(0'85
WilTe —
['L 186 91
pe = 141x7190%° = 101.4kN

p, = 145(71910%° = 104.3kN
M, = 154x9.99d40%° = 1.54kNm

Real constant7 @30x30x3 SHS, component AF

—

FEFErffFFFeerefefee

3.7.1

3.7.2

3.7.3

3.74

ffféfff‘iSO(O.85
10.9
p. = 12%314x10%° = 40.5kN

p, = 145¢314x10%° = 45.5kN
M, = 154x2.5x10%° = 0.385kNm

=37.4

Load casd @maximum utilisation in component AA

sttt eSa ke .35 _ :
U&m_65.4 509 1.39—0.64<1Sat|sfactory

Load cas€ @maximum utilisation in component AA

sttt ke 0.60 _ :
UEW—%A 509 1.39—0.85<1Sat|sfactory

Load case& @maximum utilisation in component AA

Fresrtrre@br ki a.28 _ :
U&m_65.4 509 1.39—0.55<1Sat|sfactory

Load casel @maximum utilisation in component AF

fgeererrEr@emre S fr9.003_ :
Lj&max—45'5 0.385 0.385—0.87<1Sat|sfactory

Prepared ByR. Anderson

Checked ByDr M. Lacey

© ACA 2013 Section:

Sheet: 5 18
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Advanced Computational Analys
4a, Main Road, Gedling, Nottingham. NG4 3HP.
Telephone 0115 9533931 e-mail:info@aca-consdtamiuk

Contract NoS2149

ACA

Engineering
Consultants

3.8

FEFFFFFFeferefe

FEFFFFFFFrreeee

FEFFFffe

100x5 CHS; Real constant 5
For aluminium gradeés060T66

f0:15ON/mmZ; f,=195; r

0 haz

250
150
Classification of cross section

b= 3@@@%“@“&"?5 =13.1

b, =11x1.29=14.2> 13.1# =class2
A.=A; h=1

Cross section constants
A=1491mn?

f(f\/fefljfﬁfm%oooo f§§éf66ﬂfﬁﬁffffwrffjfﬁﬂ‘°°3?9° =45167mn?

Ffﬁgffl680000
1491

ff ffffﬁf45167 _
A ap00" 1344 =125

Flexural buckling
_effective length.|=1.5x4080=6120mm

=043; r

uhaz

=0.56; BC=A

9,,=1.1; g,,=1.25; &UEE>-—4 o9

33.6mm

ffffffffffffff

FEFFFFeee

frtfereeriie@r 150
px33 6 70000

f—05 1+0.2 268@0f+2682 =435

=2.68

i =0.13
4.35+9 4.35 @268
=ff,qffffﬁfﬁFﬁfﬁf1491Xl5o_ 203.3kN
v,  1.1x0°

Prepared ByR. Anderson

Checked ByDr M. Lacey

© ACA 20

13 Section: Sheet: 6 18
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Advanced Computational Analys
4a, Main Road, Gedling, Nottingham. NG4 3HP.

Telephone 0115 9533931 e-mail:info@aca-consdtamiuk ACA
Contract NoS2149 Engineering
Consultants
3.8 Exponentsininteraction formula
y.=0.38

Bending moment capacities
shape factor for clasésection a =1.25
At d iR dRiiiiiiiiiiii |||Mlllgglu_ulﬂ‘WéffffJfgf1-25(3360?(159
’ Ow1 1.1x10

Flexural buckling verification

h i,. 'h i 17 h i 06
R e N g fﬁfﬁmﬁﬁf@ffﬁmmfftﬁfff‘ﬂ 2 Edy M £1

WO

c ZWX N Rd y,Rd M z,Rd

=5.73kNm

Axial tension and bending verification
h Iy I—II'I i 17 h i 1,7I 06
fffffffff‘f[ﬁflf;ﬂjﬁﬂthﬁ‘fff(fffWMf/ﬁﬁfffJffftﬁffffM 2Ed | M £1
W, w,M

X N Rd Rd WO M z,Rd

The following utilisation factor represents the most extescombination of axial force
and bending moments for all load cases analysed
Load cas&; N ,=@6.3kN; M ,=1.08kNnm M, ,=0.26kNm

H loe
f 08 f 1.7 f 1.7
FEFEEEEFEFAFFFEEEEEeeeccreeeecarersf 6.3 f?ffffgrfgffﬂ.O%fffqufﬁ.Z% M
0.13%203.3 5.73 573

=0.51 < 1Satisfactory

Load casé; N, =@8.1kN ; M ¢,=2.25kNm; M, ,=1.78kNm

H los
f 08 f 17 f 1.7
FEEEEFEEEFAFFFEEECEFereecceeeqafeerf 8.9 f?ffff[*_fgfffl-ﬁ%ffff[{fffl-3% |¥I

0.13¢203.3 573 573 =0.82 < 1Satisfactory

Load case; N, =@6.6kN; M ,=1.30kNm; M, ,=0.31kNm

H los
08 f 17 f 1.7
FEFFEEFFFFAfFEFeerffeereeeeafifif 6.6 f?ffff[*_fgfffﬂ--§fffff[{ffﬁ-39- |¥I

0.13x203.3 573 573 =0.56 < 1Satisfactory

Load caseé8; N ,=@11.6kN fig3.1; M ,=1.06kNmfig3.2; M, ,=0.91kNm fig3.3

H loe
f 08 f 1.7 f 1.7
FEFEEEEFEEAprEeecceeeccreeeeraferef 11.6 f%fffg@ffflﬁ%fff@fﬁﬂ M
0.13%203.3 5.73 573

=0.77 < 1Satisfactory
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3.9 90x4 CHS;

For aluminium gradeé6082T6

f_=260N/mn¥; f =310; r
VVAMAAMAMAAMAMAAMAMMMMAMAAMMAMY WA

—11- _ fifftigf850
0w =11 g,,=125 €2 =0.08

Classification of cross section
ANAAAAARAAAAAAARAARNAARRARRARAARRARAN AN S NA AN/

b= 3?3”3';”“?%@“2"43 =13.0b,, = 16x0.98=15.68 > 13.9¢ =cClass2

=048; r =0.60; BC=A

0,haz u,haz

4
A.=A; h=1
Cross section constants
A =1080mn¥
fffffffffﬂfvvl;flif_f_ngiSZOS Zééfégmmjffffwgr;fﬁﬂo %@82 — 29605mmTT

““““““““““““““““““““““““““““““““““““““““““““““““““““““

FEFFFFFFFFF ;fggfﬂ99208

1080 =30.4mm
FEEEEEERfT ffffj_ff29605 _
4 oo™ 1:33# =1.25

Flexural buckling
effective Iengthcl 305mm

ffffffffffffffffffﬁffffa%fffgfff260 ~0.19
px304 70000 '

f—05 1+0.2 019@01+0192 0.53

ARRARNAMAARN =0.98
053+q0532@0192

fffffffff‘ffﬂffffﬁfﬁfﬁfﬁﬂ080(260_ 255.3kN

O 1.1xa0°
Prepared ByR. Anderson Checked ByDr M. Lacey
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3.10 Exponentsininteraction formula
y =08

Bending moment capacities
shape factor for clasdsection a =1.25
ffff‘ffffff||||||||||||||||||||||Ifﬂ|mu||;2nyﬁ~%élffff&fg&-25(22205(2&3
’ SV 1.1x10

Flexural buckling verification

h i,. 'h i 17 h i 106
e e Cgofe Neq fgfﬁwﬁ@ffmﬁﬁdkffffwffw 2Edy M £1

WO

c ZWX N Rd y,Rd M z,Rd

=6.56kNm

Axial tension and bending verification
h Iy I—II'I i 1.7 h i 1,7I 0.6
fffffffffffﬁf,g@ﬂnﬂrfwfﬁfffgfffgﬂjffffofﬁaffgfffmffff'V| 2Ed | M £1
WX N Rd WO M WO M z,Rd

yRd

The following utilisation factor represents the most extescombination of axial force
and bending moments for all load cases analysed
Load casé; Ng,=@6.2kN; M .,=0.34kNn1 M, ,=0.51kNm

f 0.8 |_]|° 17 f 9-1.7I 0-
FEEEFFEEEERFEFEEEFEFEEEEEeecerafersf 6.3 f?ffffg@ffﬁ&%fffff@;ffﬁ.S M

0.98255.3 6.56 6.56 =0.15 < 1Satisfactory

Load casés; Ng,=@8.9kN; M ,=0.23kNn1 M, ,=0.23kNm

f 0.8 |_]|‘ 17 f % 1.7I 06
fEEFEEEFFERFFEEEreecreeecreeeqfeerf 8.9 f?ffffgrfgffﬁ.a%fffff;ffﬁ.Z M

0.98255.3 6.56 6.56 =0.12 < 1Satisfactory

Load case; Ng=@6.3kN; M ¢,=0.58kNn1 M, ,=0.59kNm

f 0.8 |_]|‘ 17 f 1.7I 0
FEEEFFFFFERFFFEEFFFececreeeccrafefsf 6.3 f?ffffgrfgffﬁ.Sr%fffff;ffﬁ.Sg M

0.98255.3 6.56 6.56 =0.18 < 1Satisfactory

Load case8; Ng=@11.5kN; M ,=0.09kNm M, ,=1.03kNm

f 115 ?0.8 Hf 0 Q% 1.7 f & Og 1.7I 06
L A i . f fffff'_f!}ff -UHTFfFTEE. M —0.24< 1Satisfactory

0.98255.3 6.56 6.56
Prepared ByR. Anderson Checked ByDr M. Lacey
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40 R R T R R RN R
4.1 Weld at base dB0x80x3 SHS outrigger, detailed in figurg 1

Assuming@0x16x3 mm continuous fillet wejdload Case
Fx=108N; SF,=2791N, SF=0N

SM,,=12065Nmm, M, =49Nmm M ,,=177940(Nmm
Tensile forces on weld per mm

Foll T Mttt 49 5 290 N/ mmNegligible
B gokEeY
3 3
Mitttiter 1779400
ol g0
3 3
gt 108 oo 3n/mmNegligible
F;=119N/mm
Shear forces on weld per mm

.I: f ||| .......... ffﬁﬁfff fﬁff\ 2791 3
Foit ) b+d6{_2 80+80a_9N/mm

EEILHISHIELT P 2= oN/mm

2 b+d
cekpepepeccccccececedde e ecrccccrcecece M Xfrffffff
I LR RRRRRRRRRRRRR R [ INATTIITT
FOIEERIERGRNILT Moo
fffHHffoﬁffHﬁqu +b
3
i a2
féf&%f@‘\ffgﬁf_{_f%f@f_ﬁﬁog +80°
3
Resultant shear force SE9N/mm
Resultant force on weld

““““““““““““““““““““““““““““““““““““““““““““““““““““““““““
) | Vol

.=9119+9° =119N/mm

Resultant stress oﬁf\%’ﬁ' 3 XP 2 =56N/mn?

Permissible stresgffé%f(ﬂgsgz 107N/ mn?

=119N/mm

=0.5N/mmNegligible

Utilisation factor= iﬁt@f: 0.52 < 1Satisfactory
Prepared ByR. Anderson Checked ByDr M. Lacey
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4.2 WEeld connecting 80x40x3 RHS out rigger connection ontrailer chassis, detailed infigure 4.2

Assuming@0x40x3 mm continuous fillet wejdl.oad Case
SF=5920N; F,=1046N, SF,=5952N

M, =114980Nmm, SM,=415000Nmm M ,=188730Nmm
Tensile forces on weld per mm

= Ofifégfgﬂéf{gf@fﬁ__ffffmf<f<ffffgff 114980 _ 29N/ mm
gHH 4oy HeY

Fofaggprereedrazrrrtiree 188730 o)/
gH® 40l

FEEFEEFFEF feertfererfraereprifff. 1046
et 1096 N jmm

F,=22+51+4=77N/mm
Shear forces on weld per mm

FEEFEEEEEFEREEEEEFEFREFEFFFEFFREFFFEEELFFF . D920
g, 5920 oo

FRECEEFLS FEEFEFFFEEFFEFFEfAEFIF. D902  _
R 5952 oy

e i My Xefittt
fffgfaf\ffo_{_faﬁf_I_fﬂs +b°
3
AN RAANARRR i AN R g1t A R
fﬁﬁgggﬁffﬁﬁfjjfgﬁa}mﬁﬁ +40°
3
W B C2 B C2

Resultant shear force $ES F,+ M, sin63.4 + F,+ M, co0s63.4

=04 25+32 sin63.52+ 25+32 (:0363.%2 =66N/mm

Resultant force on weld
MAARARAAARAARARRARARRARRARARARARRAAEERRAARBRANAN

F.=9 77°+66° =101N/mm
Resultant stress orﬁf\/mf |3 XP 2 =48N/mnv¥

=32N/mn¥

Utilisation factor= iﬂgﬁ;ﬁ: 0.45 < 1Satisfactory
Prepared ByR. Anderson Checked ByDr M. Lacey
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4.3 Weld connecting 80x40x3 RHS to trailer chassis, detailed infigure 4.2
Assumin@0x40x3 mm continuous fillet wejd.oad Case
F.=1538N; SF,=2562N, SF,=@1884N
SM,,=385190Nmm, M,,=230970Nmm M ,,=404Nmm
Tensile forces on weld per mm

FofSg T Mestirtr 230970 _ g5y
B 40O
3 3
Megtirtitie 404

o 40lIe0
3 3

f ittt ffﬁf(ffff f_f_fff\ 1538 _

Ff L v g =6N/mm

F;=62+6=68N/mm

Shear forces on weld per mm

=0.08N/mmNegligible

FEF£FF 1 AR ffﬁﬁfff FEFFF < 2562 _
FaiE 7o b+dg_2 40+80a-llN/mm
... .......... ffﬁfszfgfgff N 1884 a=8N / mm

272 b+d 2 40+80

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

i AR AR AR ARl IﬁBILHéIHUgTHMI fifff M o XfEFFFFFF
g fffHHf\fEfI'IfHﬁtf_fﬂg + b3
3

ecccccccccde e ccccccccccccteccceccccccccc DO
TTTTTTTTT T T e e ey IIJ_IIIIIIIIIIIHHl-«lﬂ-faﬂﬂA'5

=30N/mm

C2 b

AARH

PG A0

=0 11+30sin63.4°+ 8+ 30c0s63.4 =43N/mm
Resultant force on weld

“““““““““““““““““““““““““““““““““““““““““““““““““““ A

F.=968 +43" =80N/mm

““““““““““““

Resultant stress on w'%g' XxP 2 =38N/mn?

Permissible stresgffﬁi:i»f(ﬂz%: 107N/ mn?

C2
Resultant shear force SES F,+ M,,sin26.6 + F,+ M,,C0s26.6

275
N _ .
Utilisation factor= 107 - 0.36 < 1Satisfactory
Prepared ByR. Anderson Checked ByDr M. Lacey
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4.4 WEeld connecting winch motor angle to 30x30x3 SHS, detailed infigure 4.3

Assuming@6x203x3 mm continuous fillet wejd.oad Case
SK=10N; F,=1140N, SF,=707N
M,=6788Nmm, SM,=130Nmm M ,=339Nmm
Tensile forces on weld per mm

Force HIIETORFILMIILIT 6785 _ 6 15N/ mmNegligible

bd 203260
tetrefr e eE 839 .
Forceduet% =0.02N/mmNegligible
Mffffrfffﬂmﬁffffffrﬁ! o g
3 3
f f]‘_fff'[_ﬁ/f t£££ 140
Forcedmaﬁt%flt af %260 =2N/mm
F;:=2N/mm

Shear forces on weld per mm

Force IR 10 _ o 0o mm

f f]‘_fff't_ftf ttff 707
Forcedmaﬁt%flt af 2)(260-1N/mm

Force &UW?@ECO?SBO: 2x10%° N/ mmNegligible

Resultant shearforce SE1N/mm

Resultant force on weld
AMWMWWAWWMAMARARRRRRARRARRARRARRARRARRARAN NN

F.=92°+1° =2N/mm

Resultant stress on w%a XxP 2 =1N/mn?

i

Utilisation factor= 107 0.01 < 1Satisfactory
Prepared ByR. Anderson Checked ByDr M. Lacey
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4.5 Weld at connecting 30x30x3 SHS ontrailer chassis, detailed infigure 4.4

Assuming0x30x2 mm continuous fillet wejdl.oad Case
Fx=1036N; SF,=479N, SF=781N
SM,,=2590Nmm, M, =78444Nmm M ,,=2919INmm
Tensile forces on weld per mm

FoF&E‘UUé'{WR/Qﬁ“fMW””ﬁ” 78444 _eeN/mm
f(fj‘f_f_fﬂb 30)@6¢fﬁ§2

i Mfﬁfffgfff 29191
pHH™ 30y
3
f e ffﬁ&ffquﬁff 1036
oI ““2 b+d 2 30+30
F;=65+24+9=98N/mm
Shear forces on weld per mm

ffﬁfyfffgfﬁff 479
2 b+d 2 30+3F

ffﬁfszfgfj_fff 781
2 b+d 2 30+ 30

ff ”””””'”m””ﬁBf‘Hé'HU@%'M”“” M o XfEEFFFFF
fffHHfflf)ffffHﬁf_r_fﬂ + b

(i A e el
%f&%fﬁffgﬁf_{_f%f@f_ﬁﬁog + 303

“““““““““““““““““““““““““““““““““““““““““““““““““““

Fofl =24N/mm

=9N/mm

=4N/mm

a=7N/mm

=0.8N/mmNegligible

Resultant shearforce SES F, +F, =d 4°+ 7a =8N/mm
Resultant force on weld
\MN
=9 98°+8° =98N/mm
Resultant stress on W'E'ﬁ' XP 2 =69N/mnY
Permissible stresgffﬁ%(ﬂg?g 107N/ mmn?
- i .
Utilisation factor= 107~ 0.64 < 1Satisfactory
Prepared ByR. Anderson Checked ByDr M. Lacey
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4.6 12 mm diameter pin connecting 100x5 CHS alluminium armto trailer chassis
Forces and moments due ro ANSYS load 2ase
F,=5755N
F,=901N
M, =75Nmm

M,y =14645Nmm

100

F, dUETENAT ﬂ‘ig?f: 146N

MRS, 146= 302N
freertrtfA01
it

2 =451N

113 3

275
fffgitr 8o

107 <1 Satisfactory

F,due tafﬁﬂfﬁfﬁ =0.75N Negligible

Co @existant shear force 9 3024 + 451 =3057N
Maximum shear é{Fggéiifﬂﬁowiﬂ“ =36N/mn?

Permissible shear stres,§=ﬁ:[fé%"<f235= 107N/ mnv
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4.7 Verification of alluminium CHSfor bearing, forces and moments from ANSYS load case 6
F, =8090N

F,=1491IN

M, =204Nmm

M,,=18668NmMm

feefefrd04 _
F, due td ™ 100=2N

F, dUETGATLS ﬂ;?ggs: 187N

+187=4233N

fffeertfiifR092
xXT 2

ff-‘fEffffﬁﬂf49l
= 2 - ’

Co@existant shear force¥ 4233 + 748 x10%°=4.3N

P ORI UYLl R OoXI X200, s _ g 5N

11
{ifgretrd-3
8.8

4.8 Verification of spigot connection in aluminium arm

Forces and moments ANSYS due to load 6ase
F,=7955N

M,,=225670Nmm

M ,,=2347400Nmm

Force verification o®0x4 CHS see calculatiof.10
Verification of MLOgrade4.8bolt ofe shear forces

Shear force onflsféigﬁz'o =4kN

UMD RO 40058 _ g oy
1.25d0

+2=748N

V)

=0.5 < 1Satisfactory

UF = gﬂ;ﬁ: 0.43 < 1Satisfactory
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5.0
5.1

5.2

5.3

5.4

5.5

Fatigue analysis

Maximum change in weld resultant stresses

Weld identified ird.1

Sg, =56N/mnt

Assuming stress falls N when participant is at top of bounce
Ds,=56N/mnv

Weld identified ird.2

Sg =48N/mnt

Assuming stress falls N when participant is at top of bounce
Ds,=48N/mnv

Weld identified ird.3

Sg =38N/mnt

Assuming stress falls N when participant is at top of bounce
Ds,=38N/mnv

Weld identified ird.4

Sg =1N/mn¥

Assuming stress falls N when participant is at top of bounce
Ds,=1N/mnv

Weld identified ird.5

Sg =69N/ mny

Assuming stress falls N when participant is at top of bounce
Ds,=69N/mnv

Prepared ByR. Anderson Checked ByDr M. Lacey
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5.6 Fatigue analysis

For weld class W

0.48

0.48
Note

20%of life with60kg particpant load

Ds,=69N/mnt for 80kg passenger load
Ds,=69x0.75=52N/mnt for 60kg passenger load
Ds,=69%0.5=34N/mn¥ for 40kg passenger load

with Ds =69N/mn¥, predicted fatigue life= 4.79x10° cycles
with Ds =52N/mn¥, predicted fatigue life= 1.12x10° cycles

with Ds =34N/mn¥, predicted fatigue life= 4.00x10° cycles

number of cycles per year wid kg passenger loading 0.1x864000= 86400
number of cycles per year wil® kg passenger loading 0.2(x864000= 172800
number of cycles per year wilb kg passenger loading 0.7x864000= 604800

from Miner. s sun{mg{fggfﬁﬁmﬂmflmﬁﬁ 60— 0.48

predicted weld fatlgﬁféfffffgff L =2.1yearsSatisfactory

i “Above analysis based on an operational lif@0tycles min,2mins/ ride,
12rides/ hour5 hours/ day,240days/ year = 864000cg/cles

Assumed loading spectrum/i8%of life half loaded 40kg participant ,

10%of life with80kg particpant®ence analysis based on
Miner. s summation using B608:1993

C
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Checked ByDr M. Lacey

© ACA 2013 Section: 5

Sheet: 18 : 1&

page 85 of 85 ©2013 ACA S2149-1 Revision B



