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Summary 

 

 This report describes the structural verification of the 4-person, bungee trampoline 

amusement device, as manufactured by Eurojumper. 

 The structural model of the bungee trampoline device was generated from drawings 

provided by Eurojumper. The design review verification was performed against the initial 

analysis carried out by mgr inż. Jerzy Szymański. 

 The analysis detailed below was carried out based on loadings from various 

combinations of ride operation, based on a maximum single passenger mass of 90 kg, bouncing 

with a maximum inertial acceleration equivalent to 2g. 

 The results of the analysis and the comparison of these results with those determined by 

mgr inż. Jerzy Szymański, show that all structural and mechanical components have adequate 

load-carrying capacity, based on the loading prescribed above. 
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Description Of Ride 

 

 The 4-person bungee trampoline is an amusement device capable for use either by adult 

or child participants. The ride is lightweight and fully transportable and is trailer-mounted. It 

can easily be erected and dismantled for use on any suitable site, either outdoors or indoors 

(providing adequate headroom is available). 

 The ride operates by first positioning the passenger on the trampoline. The passenger 

harness is then fitted and attached to the bungee ropes, on either side of the passenger. The 

number of bungee ropes used is adjusted, depending on the estimated passenger mass, to give 

the appropriate ‘feel’ to the bounce of the participant, without exerting excessive inertial forces 

on the passenger. This is carried out based on the experience of the ride operator. 

 During the ride the participant bounces vertically until reaching a maximum height of 

approximately 6.5 m. At this point the participant experiences a feeling of partial 

weightlessness. As the passenger moves progressively higher with each bounce, the winding 

motor reduces the effective length of the ropes, to permit the passenger to release progressive

more potential energy with

ly 

 each bounce. 

 The downwards motion of the participant, at the lowest point, is arrested by a 

combination of the contact between the participant and the trampoline and the moderate 

tension in the flexible bungee ropes. Note that it is not always necessary for the participant to 

make full contact with the trampoline; in some instances the vertical motion is arrested only by 

the bungee ropes. In this case the flexibility of the bungee ropes would ensure that the 

maximum inertial forces are reduced. 

 It is difficult to estimate the maximum passenger forces exerted by the device, due 

principally to the wide variation possible in participant mass. However an acceptable guide 

would be approximately 2g absolute maximum inertial acceleration, which would give the ride 

participant a sensation of twice body mass when bouncing. 

 A typical view of the 4-person bungee trampoline is shown in figure 1.1. 
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Method Of Analysis 

 

 The analysis of the 4-person bungee trampoline device was performed using the 

ANSYS finite element program. The structural model of the device was generated from 

measurements taken from the manufactured device. 

 The analysis of the bungee-trampoline structure was performed with regard to the initial 

design analysis carried out by mgr inż. Jerzy Szymański. 

1) Structural Analysis 

 

i) Main Structure 

 The finite element model of the main structure was generated using a combination of 

BEAM4, LINK10, CONTACT52 and SHELL63 element types. The BEAM4, 3-dimensional 

prismatic beam elements were used to model the steel base frame of the device and the 

aluminium support poles. The cross-sectional properties of these elements were set to those of 

the frame and support pole members, as appropriate. The LINK10, 3-dimensional, tension-only 

elements were used to model the steel guy ropes which constrained the top of each support 

pole. This element type can sustain only tensile loads and is removed from the element 

formulation if the forces are equal to, or less than zero. The cross-sectional area of the element 

was set to that of the steel rope, as appropriate. The CONTACT52, 3-dimensional, 

compression-only contact elements were used to model the contact between the base frame and 

ground. The stiffness of these elements was set to ensure that there was no interpenetration 

between the frame and the ground. Also this ensured that should the frame lift from the ground 

during loading these elements would be removed from the element formulation. The 

SHELL63, 3-dimensional plate elements, were used to model the steel and aluminium plates 

on the trailer chassis. The thickness of this element was set to the appropriate thickness as used 

in the construction of the device. 

 The finite element model comprised a total of 2792 elements (1550 beam elements, 8 

tension-only elements, 4 contact elements and 1230 shell elements) and 2543 nodes. The finite 

element model of the device is shown in figure 2.1. 

 Note that due to the inherent flexibility of the structure a large deflexion analysis was 

performed, to ensure increased accuracy in predicting deflexions and also to include any 

secondary bending or tension effects in the results. Hence the analysis was non-linear (due to 

the use of large deflexion effects and non-linear element types) and the model reached 

convergence to within 0.5% of the overall load on the structure. 

© 2010 ACA Engineering Consultants     S1778-1 Page 5 Of 76



 A total of 4 load cases were analysed for the structure, as follows: 

i) Load Case 1 

 This load case represented the first of two out-of-balance load conditions. In this load 

case a single passenger loading was applied at one passenger station. The loading on the 

passenger was equivalent to 2g, based on a passenger mass of 90 kg and as a worst case, the 

bungee ropes were assumed to be in the position where the participant would be in contact with 

the trampoline. This position would be concomitant with a passenger reaching these 

accelerations at the bottom of the bounce. Further details of the passenger loading are shown in 

calculation sheet 1. 

 In addition to the maximum load applied to the bungee ropes, a load equal to a ride 

participant of mass 90 kg, bouncing with a force equivalent to 2g was applied to the trampoline 

directly beneath the passenger loading on the bungee ropes, for all load cases (hence the 

effective force at the centre of each of the trampoline mats was 1765.8 N). The forces applied 

to the trampoline frames are verified in calculation sheets 1 to 3 

 In addition to the loads described above, the self-weight loading of the structure was 

included automatically by the finite element program, for all load cases, based on the steel and 

aluminium densities shown below and an acceleration due to gravity of 9.81 m/s2 

 

ii) Load Case 2 

This load cases represented the second of two out-of-balance load conditions for the 

complete frame. This load case was similar to load case 1 except that the loading on the 

structure was derived from two passengers, positioned on adjacent sides of the structure. The 

purpose of this load case was to examine the effects on the structure due to unbalanced loading 

on the support poles, at adjacent sides of the frame. 

  

iii) Load Case 3 

 This load case was again similar to load case 1, but with passenger loading applied at 

two opposite passenger stations. The purpose of this load case was to examine the effects on 

the structure due to extreme opposing loads 

 

 

iv) Load Case 4 

 The purpose of this load case was to examine the effects on the structure due to the 

maximum imposed loading. Therefore forces were applied at all four stations.
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ii) Trampoline Structure 

In addition to the main structure a finite element analysis was also undertaken for the 

trampoline frame. The finite element model of the trampoline frame was generated using a 

combination of BEAM4 and CONTACT52 element types. The BEAM4, 3-dimensional 

prismatic beam elements were used to model the steel base frame of the device and the support 

poles. The cross-sectional properties of these elements were set to those of the frame and 

support pole members, as appropriate. The CONTACT52, 3-dimensional, compression-only 

contact elements were used to model the contact between the base frame and ground. The 

stiffness of these elements was set to ensure that there was no interpenetration between the 

frame and the ground. Also this ensured that should the frame lift from the ground during 

loading these elements would be removed from the element formulation.  

 The finite element model of the trampoline frame comprised a total of 331 elements 

(328 beam elements and 3 contact elements) and 330 nodes. The finite element model of the 

device is shown in figure 2.2. 

 A single load case was analysed for the trampoline structure, as follows: 

i) Load Case 1 

 For this load case an extreme loading condition was assumed, by applying loads equal 

to a ride participant of mass 90 kg effecting a bounce on the trampoline bed equivalent to 2g 

loading (hence the effective force at the centre of each of the 4 trampoline mats was 1765.8 N). 
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2) Material Properties And Component Capacities 

 

a) The material properties for the aluminium sections used for the analysis were based on 

grade 6082 T6 aluminium, as follows: 

 

 E = 70000 N/mm2 (Young’s modulus) 

 ν = 0.316 (Poisson’s ratio) 

 σ0.2 = 240 N/mm2 (0.2% Proof strength) 

 ρ = 2710 kg/m3 (Density) 

 The material certificate for the aluminium sections is shown in Appendix A 

 

b) The material properties for the steel sections used for the analysis were based on grade 

S235 structural steel (as specified by the device manufacturer), as follows: 

 

 E = 207000 N/mm2 (Young’s modulus) 

 ν = 0.28 (Poisson’s ratio) 

 σy = 235 N/mm2 (Yield strength) 

 ρ = 7850 kg/m3 (Density) 

The material certificate for the steel sections is shown in Appendix D 

 

c) The steel ropes are a standard 6x19 configuration, with a fibre core, to DIN 3060. The 

certificate of conformity for the steel rope is shown in Appendix B.  

 

d) The certificate of conformity for the carabiner is shown in Appendix C. A carabiner of 

size 6mm or above must be used to provide the required loading capacity. 

 

e) The certificate of conformity for the bungee harness is shown in Appendix E. 

 
f) The certificate of conformity for the D-shackle is shown in Appendix F. A D-shackle of 

size 10mm or above must be used to provide the required loading capacity. 

 
g) The certificate of conformity for the eye-nut is shown in Appendix G. An eye-nut of 

size 12mm or above must be used to provide the required loading capacity. 
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h) The certificate of conformity for the rope clip is shown in Appendix H. 

 

i) The certificate of conformity for the turnbuckle is shown in Appendix I. A turnbuckle 

of size 12mm or above must be used to provide the required loading capacity. 

 

j) The test certificate for the bungee cord is shown in Appendix J. Whilst the breaking 

load is less than the maximum load determined in this analysis, the breaking point is at a 

minimum elongation of 7.23. Since the maximum elongation can only reach approximately 6m 

the breaking conditions will not be met. 

 

k) The worst case condition for alternating stress in a weld is 84 N/mm2, as detailed in 

calculation sheet 6. This weld has been verified and given a fatigue life expectancy of 2 years. 

 

 The results of the analysis are presented below. 
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Results 

i) Main Structure 

Maximum Reaction Forces (N) Load 

Case 

No. 

Stresses In Steel 

Beams Structure 

(N/mm2) 

Stresses In 

Aluminium Beam 

Structure (N/mm2) 

Stresses In Steel 

Sheet Structure 

(N/mm2) 

Forces in 

Steel 

Ropes 

(N) 

Overall Deflexion 

(mm) 
Fx Fy Fz 

1 117.7 (figure 3.1) -44.8 (figure 3.2) 22.5(figure 3.3) 2252 217.73 (figure 3.4) 671 253 66 

2 114.6(figure 3.5) -29.1(figure 3.6) 22.0(figure 3.7) 1004 76.38(figure 3.8) 786 4303 851 

3 114.8(figure 3.9) -58.2(figure 3.10) 21.4(figure 3.11) 2526 272.28(figure 3.12) -908 2142 61 

4 91.8(figure 3.13) -24.2(figure 3.14) 17.7(figure 3.15) 1393 66.97(figure 3.16) 439 3415 497 

 

Table 1 – Summary Of Results For Stresses, Deflexions And Base Reaction Forces 



ii) Trampoline Structure 

Maximum Reaction Forces (N) 
Load Case 

No. 

Stresses In Steel Beams 

Structure (N/mm2) 
Overall Deflexion (mm) 

Fx Fy Fz 

1 -118.1 (figure 3.17) 5.12 (figure 3.18) -23 1698 0 

 

Table 2 – Summary Of Results For Stresses, Deflexions And Base Reaction Forces 
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Note: 

i) The stresses quoted in tables 1 and 2 above for the beam structures are the most severe combination of bending and axial stress in any 

structural component. 

ii) The stresses quoted in tables 1 and 2 above for the plate structures are the von-Mises stress components and should be compared directly 

with the material yield or proof strength, when examining for elastic failure, i.e. 

 

σ vM =
1
2p
wwwwwwwwwwwwwwwwwfffffffffff σ1@σ2

b c2
+ σ2@σ3

b c2
+ σ3@σ1

b c2
F G

vuut
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where σ1, σ2, σ3 are the principal stresses at a point in the continuum. 

iii) The deflexions quoted in tables 1 and 2 represents the vector sum of the Cartesian deflexion components, at any point in the continuum. 

omponents. iv) The deflexions quoted in tables 1 and 2 are the vector sum of the individual Cartesian deflexion c

v) The determination of the structural capacities of the various components of the device, the assessment of the critical joints and the fatigue 

assessment of the critical welds are shown in calculation sheets 2 to 3. 

vi) The max reaction of 3415 N is equivalent to an average pressure on the ground of 85.4 kN/m2 when a 200x200 mm packing point has 

been used.
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n 

Conclusions 

 

 The stresses determined from the present analysis are concomitant with those predicted 

by the mgr inż. Jerzy Szymański design verification report of this ride. The small discrepancies 

between the predictions from the mgr inż. Jerzy Szymański report and this analysis arise 

mainly from the method of analysis used in each case. The analysis carried out in the present 

study uses a non-linear approach, which more accurately predicts stresses and deflexions. 

Notwithstanding this, the stresses resulting from each individual analysis are sufficiently close 

to ensure that there is no major discrepancy in the resulting stresses and deflexions. 

 The stresses predicted in the aluminium support poles provide an utilisation factor of 

approximately 15.3 % on the buckling capacity of the poles (based on a limit state analysis to 

BS 8118), which clearly is adequate. 

 For the base frame, the stresses in the steel plate members provide a minimum factor of 

safety of approximately 9.4 (for load case 1), based on a permissible equivalent strength of 213 

N/mm2. In addition the maximum utilisation factor calculated for any of the structural steel 

sections did not exceed unity. This again is adequate, based on the maximum loading 

prescribed. 

 The maximum deflexion in the structure represents approximately 1/30 of the overall 

height of the device (for load case 3). Whilst this would be excessive for a static structure the 

deflexions result from dynamic loads and sway of the structure, rather than static vertical 

deflexion. Hence, since the stresses are relatively low in this component the dynamic deflexio

is fully recoverable and will be acceptable. 

 The welds connecting the 40x40x3 SHS at the corner of the base frame, shown in figure 

4.1, were identified as the critical welds on the structure. They have been given a predicted 

fatigue life of approximately 2 years, based on a Miner’s rule summation for operation of the 

device for 240 days per year at 5 working hours per day (see calculation sheet 4). It should be 

noted also that this fatigue life assessment is based on the worst case, out-of-balance loading 

condition for the device. It is clear that under normal operation the fatigue life will be extended 

beyond 2 years. Hence the 2 year fatigue life is presented as a minimum fatigue life condition. 

 The analysis of the critical pin connections, shown in calculation sheet 16, demonstrates 

that the stresses in the pin connection have adequate strength for the proposed maximum 

loading. 



 The material and component certificates provided by the manufacturer and owner 

demonstrate that those components have adequate load–carrying capacity for the proposed 

maximum loading, provided the sizes for the D-Shackle, Eye-Nut and Turn Buckles used are as 

stipulated in section 2 of this report. 

 Whilst the axial forces and moments predicted in the trampoline structure are within the 

permissible limit of unity and will therefore be acceptable, it is the responsibility of the 

operator to ensure the participants are using the device correctly within the confines of the 

trampoline. 

 Note finally whilst the steel and aluminium structure has been verified for a maximum 

passenger mass of 90 kg the bungee harness is limited to a maximum of 85 kg. Therefore the 

operator should be vigilant to ensure no passengers greater than 85 kg in mass are allowed to 

use the ride. 

 It is clear therefore that all components have sufficient strength to provide a satisfactory 

working life for the device, based on the assumed maximum loading, providing the 

recommendations detailed below are adopted. 

 

 
 

Richard Anderson 

 

 

 
Dr. M. Lacey 
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Recommendations 

 

 From the results of the analysis clearly there are no principal structural components on 

the device which require specific detailed periodic inspection or other detailed investigation, 

other than the critical welds detailed below. 

 Nevertheless it would be prudent to periodically check the integrity of all components 

on a regular basis. Hence the operator should periodically (daily) inspect for parent material or 

weld cracks. The critical weld on the support legs should be inspected non-destructively on an 

annual basis. 

 Additionally, all fixing ropes and bungee ropes should be inspected daily and replaced 

as necessary if there is any evidence of damage and/or fraying. 

 Whilst the ride could not be classed as extremely boisterous there would be a category 

of people for which the ride would not be suitable. For example it would be suggested that the 

following should not be allowed to participate in the ride experience: 

 Very small children (unless under strict supervision from the operator). 

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

 People with a history of heart problems. 

 Pregnant women. 

 People with obvious physical and/or mental disabilities, for whom the ride clearly 

would not be suitable and whose use of the ride would be likely to cause injury (this is the 

responsibility of the operator, who clearly must be experienced in making this judgment). 

 It would be appropriate to display signage at the ride atrium, indicating the ride would 

not be suitable for the above category of participants. 

 The maximum ground bearing pressure, beneath the ride base, is predicted to be an 

average of 85.4 kN/m2, based on a 200 mm x 200 mm footprint. This bearing pressure is 

adequate for most sites on consolidated ground. However it is the responsibility of the ride 

operator to ensure that the site is capable of carrying this ground pressure. 

 For passenger safety and to prevent overturning, the device should not be operated in 

wind speeds greater than 8 m/s. 
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By the nature of the ride, the inertial forces experienced by the ride participants are 

governed by the set-up of the bungee rope arrangement, which is strictly under the control of 

the operator. It is imperative therefore that only very experienced operators should be allowed 

to control the ride. 

Additionally, to prevent collision with spectators, suitable barriers must be placed at 

least 1.5 m from the extreme outer edges of the trampolines or operating envelope of the 

bungee. Also the operator must be vigilant to misuse by the participants and/or spectators. If 

this should occur the device must be halted immediately. 

© 2010 ACA Engineering Consultants     S1778-1 Page 16 Of 76



 
 

Figure 1.1 – Typical View Of 4-Person, Bungee Trampoline Device 
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Figure 2.1 – Finite Element Model Of 4-Person Bungee Trampoline 



 
Figure 2.2 – Finite Element Model Of Trampoline Frame 
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Figure 3.1 – Stresses In Steel Beam Structure, Due To Load Case 1 

Maximum Stress = 137.1 N/mm2
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Figure 3.2 – Stresses In Aluminium Beam Structure, Due To Load Case 1 

Maximum Stress = -44.8 N/mm2 
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Figure 3.3 – Stresses In Steel Plate Structure, Due To Load Case 1 

Maximum Stress = 22.5 N/mm2 
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Figure 3.4 – Overall Deflexion In Structure, Due To Load Case 1 

Maximum Deflexion = 217.73 mm 
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Figure 3.5 – Stresses In Steel Beam Structure, Due To Load Case 2 

Maximum Stress = 151.5 N/mm2 
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Figure 3.6 – Stresses In Aluminium Beam Structure, Due To Load Case 2 

Maximum Stress = -29.1 N/mm2 

© 2010 ACA Engineering Consultants     S1778-1 Page 25 Of 76



 
Figure 3.7 – Stresses In Steel Beam Structure, Due To Load Case 2 

Maximum Stress = 22.0 N/mm2 
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Figure 3.8 – Overall Deflexion In Structure, Due To Load Case 2 

Maximum Deflexion = 76.38 N 
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Figure 3.9 – Stresses In Steel Beam Structure, Due To Load Case 3 

Maximum Stress = 123.4 N/mm2 
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Figure 3.10 – Stresses In Aluminium Beam Structure, Due To Load Case 3 

Maximum Stress = -58.2 N/mm2 
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Figure 3.11 – Stresses In Steel Plate Structure, Due To Load Case 3 

Maximum Stress = 21.4 N/mm2 

© 2010 ACA Engineering Consultants     S1778-1 Page 30 Of 76



 
Figure 3.12 – Overall Deflexion In Structure, Due To Load Case 3 

Maximum Stress = 271.23 mm 
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Figure 3.13 – Stresses In Steel beam Structure, Due To Load Case 4 

Maximum Stress = 119.6 N/mm2 
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Figure 3.14 – Stresses In Aluminium Beam Structure, Due To Load Case 4 

Maximum Stress = -24.2N/mm2 
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Figure 3.15 – Stresses In Steel Plate Structure, Due To Load Case 4 

Maximum Stress = 17.7 N/mm2 

© 2010 ACA Engineering Consultants     S1778-1 Page 34 Of 76



 
Figure 3.16 – Overall Deflexion In Structure, Due To Load Case 4 

Maximum Deflexion = 66.97 mm 
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Figure 3.17 – Stress In Steel Beam Structure, Due To Load Case 1 

Maximum Stress = -118.1 mm 
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40x40x3 SHS on central 
support, weld analysis 5d

Figure 3.18 – Overall Deflexion In Structure, Due To Load Case 1 

Maximum Deflexion = 5.12 mm 
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80x40x3 RHS upstand, 
weld analysis 5c 
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Figure 4.1 – Critical Welds

80x40x3 RHS to base 
frame, weld analysis 5b 

40x40x3 RHS base frame 
corner member, weld 

analysis 5a 



Appendix A – Certificate Of Conformity For Aluminium Support Poles 

 

 
Figure A1 – Conformity Certificate For Aluminium Grade 6005A T5 Support Poles 
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Figure A2 – Conformity Certificate For Aluminium Grade 6005A T5 Support Poles 
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Appendix B – Conformity Certificate For Steel Cables 

 

 
Figure B1 – Conformity Certificate For Steel Cables 
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Figure B2 – Conformity Certificates For Steel Cables 
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Appendix C – Certificate Of Conformity For Carabiners.  

 

 
 

Figure C1 – Conformity Certificates For Carabiners 
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Appendix D – Certificate Of Conformity For Steel Sections. 

 

 
Figure D1 – Conformity Certificate For Steel Sections. 
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Appendix E – Certificate Of Conformity For Bungee Harness 

 

 
Figure E1 – Conformity Certificate For Bungee Harness 

© 2010 ACA Engineering Consultants     S1778-1 Page 45 Of 76



Appendix F – Certificate Of Conformity For D-Shackle 

 
Figure F1 – Conformity Certificate For D-Shackle 
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Appendix G – Certificate Of Conformity For Eye-Nut  

 
Figure G1 – Conformity Certificate For Eye-Nut 
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Appendix H – Certificate Of Conformity For Rope Clip 

 
Figure H1 – Conformity Certificate For Rope Clip 
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Appendix I – Certificate Of Conformity For Turnbuckle 

 
 

Figure I1 – Conformity Certificate For Turnbuckle 
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Appendix J – Test Certificate For Bungee Cords 

 

 
 

Figure J1 – Front Page Of Test Certificate For Bungee Cords
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Figure J2 – Conclusion Page Of Test Certificate For Bungee Cords
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Appendix K – Risk Assessment  

5 L M H H H 

4 L M M H H 

3 L M M M H 

2 L L M M M Li
ke

lih
oo

d 

1 L L L L L 
  1 2 3 4 5 
  Severity 

Severity 
1 - None or Trivial injury / illness / loss - 1 person at risk. 
2 - Minor injury. Minor first aid required only - Up to 5 persons at risk. 
3 - Injury (reportable). Moderate loss - Up to 10 persons at risk. 
4 - Major injury / severe incapacity. Serious loss. Up to 25 persons at risk. 
5 - Fatality / incapacity. Widespread loss. - 25 or more persons involved. 

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

When calculating the risk the number of persons exposed and the frequency of exposure to the risk must be taken into 
account. 
Risks that calculate as high MUST have further control measures put into place that reduce the risk BEFORE the 
activity is carried out. 
Medium risk factors should have more control measures introduced where possible to reduce the risk to the lowest 
possible risk. 
             

Risk Assessment Criteria 



 

Risk Area    

Risk 
Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons Affected 

S L RR

Control Measures 

S L RR 
Uneven 
ground 

Ride may be unlevel. Risk of becoming 
unstable and overturning on packing blocks.  
Serious injury or death to participants, 
operators and nearby public  
 5 4 H 

All work force to be trained and supervisor to have 
appropriate experience. 
Ground should be assessed prior to build up 
Always try to assemble on most level ground 
Use adequate and sufficient packing blocks 
Regular visual checks on packing areas by trained 
personnel, re-pack if and when necessary. 
To be assembled as per manufacturers operating 
manual.  
 

5 2 L 

Soft 
ground 

Risk of ride leveling/packing points sinking 
into ground. 
Ride may become unstable and risk of 
overturning 
 
Serious injury or death to participants, 
operators and nearby public  

5 3 M 

All work force to be trained and supervisor to have 
appropriate experience. 
Ground should be assessed prior to build up 
Always try to build up on most stable ground possible 
Use adequate and sufficient packing blocks 
Regular visual checks on packing areas by trained 
personnel, re-pack if and when necessary 
To be assembled as per manufacturers operating 
manual.  
 

5 2 L 
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Risk Structural failure    

Risk 
Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons Affected 

S L RR

Control Measures 

S L RR 
Failure of 
welds on 
base frame 

Ride could become unstable and collapse  
Serious injury or death to participants, 
operators and nearby public 

5 3 M 

Daily and periodic checks and maintenance by 
adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Repair as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

5 2 L 

Failure of 
pins/brackets 
supporting 
& 
connecting 
main 
aluminum 
arms 

Main arm could collapse 
Serious injury or death to participants, 
operators and nearby public 

5 3 M 

Daily and periodic checks and maintenance by 
adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Repair as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

5 1 L 

Failure of 
aluminum 
arms 

Main arm could collapse 
Serious injury or death to participants, 
operators and nearby public 

5 3 M 

Daily and periodic checks and maintenance by 
adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Repair as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

5 1 L 
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Risk Structural failure    

Risk Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons 
Affected 

S L RR

Control Measures 

S L RR 
Failure of 
eye bolts 
securing 
bungee to 
aluminum 
arms  

Failure of eye bolts/eye bolts 
not assembled correctly. 
Participant would not be 
supported by bungee. Risk of 
falling from height/being 
thrown from ride. Serious 
injury to participants 

4 3 M 

Daily and periodic checks and maintenance by adequately trained 
workforce 
Device only to be assembled by competent person in accordance 
with the manufacturers operating manual. 
Adequately trained workforce in operation and evacuation of the 
ride 
Repair as and when necessary by qualified/competent person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

4 2 L 

Failure of 
bungee 
cord  

Participant would not be 
supported by bungee.  
Risk of falling from 
height/being thrown from ride. 
Serious injury to participants 

4 3 M 

Daily and periodic checks and maintenance by adequately trained 
workforce 
Adequately trained workforce in operation and evacuation of the 
ride 
Bungee to meet loading requirements as specified by operating 
manual and this design review 
Replace bungee as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

4 1 L 

 

© 2010 ACA Engineering Consultants     S1778-1 Page 55 Of 76



 

Risk Structural failure    

Risk 
Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons Affected 

S L RR

Control Measures 

S L RR 
Failure of 
winch rope 

Participant would not be supported by 
bungee.  
Risk of falling from height/being thrown 
from ride. Serious injury to participants 

4 3 M 

Daily and periodic checks and maintenance by 
adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Winch to meet loading requirements as specified by 
operating manual and this design review 
Replace bungee as and when necessary by 
qualified/competent person 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

4 1 L 

Failure of 
harness 

Main arm could collapse 
Serious injury or death to participants, 
operators and nearby public 

5 3 M 

Daily and periodic checks and maintenance by 
adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Harness to meet loading requirements as specified by 
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 are 
fitted correctly 
Device not to be opened until repairs etc carried out 
Annual inspection and NDT by RIB 
Refer to manufacturers instruction 

5 1 L 
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Risk Structural failure    

Risk 
Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons Affected 

S L RR

Control Measures 

S L RR 
Failure of 
electric 
winch  

Participant would not be supported by 
bungee.  
Risk of falling from height/being thrown 
from ride. Serious injury to participants 

4 3 M 

Daily and periodic checks and maintenance on 
electrics and power source, and generator for- water-
oil-diesel, by adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Repair as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual inspection, and Electrical test by RIB 
Refer to manufacturers instruction 

4 1 L 

Electric 
shock 

Risk of major injury or death to operators, 
participants and nearby public 

5 3 M 

All required MCB’s and RCD’s in place 
Daily and periodic checks and maintenance on 
electrics by adequately trained workforce 
Adequately trained workforce in operation and 
evacuation of the ride 
Repair as and when necessary by qualified/competent 
person 
Device not to be opened until repairs etc carried out 
Annual Electrical test by RIB 
Refer to manufacturers instruction 

5 1 L 
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Risk Structural failure    

Risk 
Severity 

Remaining 
Risk 

Severity Hazard Risk & Identity of Persons Affected 

S L RR

Control Measures 

S L RR 
High winds Risk of major injury or death from 

participant being blown off normal 
trajectory to overturn of ride 

5 3 M 

Adequately trained workforce in operation and 
evacuation of the ride 
Sufficient checks and maintenance throughout 
operation by adequately trained persons 
Device to be operated only in wind speeds as 
specified by the manufacturer and in the design 
review.  
Device to be disassembled in wind speeds greater 
than 8 m/s. 
Device to be guy roped down if excessive movement 
results when not in use 

5 1 L 

Age of 
passengers 

This type of ride may cause distress to 
young participants. 
Young riders may lack the ability to 
understand the dangers associated with 
misbehaving on this ride 
 

2 2 L 

Adequately trained workforce in operation and 
evacuation of the ride 
Injuries etc are not always visible to 
operator/attendants therefore safety and instructional 
signage should be clearly visible 
Operator to give verbal instruction if necessary 
Refer to manufacturers instruction 

2 1 L 
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This risk assessment report covers the operation of the attraction when used as an amusement device. It is based on an overview of the risks 
associated with the device. It does not cover detailed component failure.  The assessment is based on engineering and operational aspects of the 
device and does not take into account personal or legislative risks. Each hazard/risk has been reviewed individually to ensure that all required 
actions have been taken to reduce the risk, so far as reasonably practicable and in line with the manufacturer’s recommendation. As there is no 
statistical data available this risk assessment is based on the experience, judgement and knowledge of the device by the manufacturer 
Eurojumper and various Owner/Operators. There is a manufacturers operation manual in place for owner/controller reference. 
 
NB; 
Operation and maintenance should only be carried out by an adequately trained adult after instruction and training from the manufacturer. 
When the ‘Bungee Trampoline’ is owned/controlled by anyone other than the manufacturer if there is any part of the assessment or operations 
manual that they do not understand they should consult the manufacturer as soon as possible. 
All maintenance and training should be documented.  
The manufacturer’s instruction should be followed at all times 
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Appendix L – Non-Destructive Test Schedule 
 

BUNGEE TRAMPOLINE RIDE NDT SCHEDULE FOR ROUTINE TESTING OF CRITICAL PARTS 

 

Item Description/Location Test Method Frequency Of Test 

Trailer chassis  Welds on trailer chassis at points where out riggers 

connect to chassis.  

Weld connecting arm support to chassis 

MPI Annually 

Arm pins All pins in the ends of the arms connecting arms to 

trailer chassis 

UTS/MPI Annually 

Arm joints All joint brackets Visual Annually 

Winch rope Winch ropes Visual Annually 

Bungee cords Bungee cords Visual Annually 

 

 100% of all items listed must be visually examined unless stated.  
  Any and all defects found must be reported to the AIB.  
  Any previous weld repairs must be recorded.  
  Any areas outside the scope of the schedule must be examined by the NDT engineer if deemed relevant , and reported to the AIB  
  Eddy Current may be used as an alternative or in combination with other listed Test Methods where appropriate.  
  All items to be sufficiently dismantled for proper and adequate NDE  
  Remove any flaky paint, corrosion and de-grease. Remaining paint layers to be no more than the maximum thickness to allow proper 

and adequate NDE  
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1
a

Loading Verification

i
a

Self weight
Self weight loading was included automatically by the FE program,
based on material densities an acceleration due to gravity of 9.81 m / s2

ii
a

Passenger loading
Passenger mass = 90 kg
Equivalent acceleration = 2x9.81 = 19.62 m / s2

Equivalent force = 19.62x90 = 1765.8N
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iii
a

Trampoline frame loading verification
Assuming linear variation of spring forces from middle to end of each side of mat
length of short side of mat = 2a, length of long side = 2b
k = spring stiffness

number of springs on short side a = m m odd
` a

one spring on centreline
b c

number of springs on long side b = n n even
` a

one spring on centreline
b c

A

let F1 =maximum force at middle of long side 2b, F2 =maximum force at middle of short side 2a

ratio of forces
F1

F2

ffffffff=
k l1@ a
b c

k l2@ b
b c

fffffffffffffffffffffffffffff= l1@ a
l2@ b
fffffffffffffffff

where l1 and l2 are the extended lengths under load of sides a and b respectively

l1 = a2 + δ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

; l2 = b2 + δ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

F1

F2

ffffffff= a2 + δ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ a

b2 + δ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ b

fffffffffffffffffffffffffffffffffffffffffff= a
b
ffff

1 + δ
a
fffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + δ
b
fffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

fffffffffffffffffffffffffffffffffffffffffffffffffffffff

letδ = γa; b = φa

F1

F2

ffffffff= 1
φ
ffff 1 + γ 2q

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
@ 1

d e

1 + A γ
φ
ffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

fffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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total force along side 2b assuming linear variation

Fb = 2
F1

n
fffffff+ 2F1

n
fffffffffff+ 3F1

n
fffffffffff+…

f g

+ F1 = F1 +
2F1

m
fffffffffffX

1

p
i p = n@ 1

Fb = F1 1 +
p
n
fffff1 + p
b c

d e

= F1 1 +
n@ 1
` a

n
n

ffffffffffffffffffffffffffff g

= F1 n

total force along side 2a, assuming linear variation

Fa = 2
F2

m
ffffffff+ 2F2

m
fffffffffff+ 3F2

m
fffffffffff+…

f g

+ F2 = F2 +
2F2

m
fffffffffffX

1

p
i p = m@ 1

Fa = F2 1 +
p
m
ffffff1 + p
b c

d e

= F2 1 +
m@ 1
` a

m
m

ffffffffffffffffffffffffffffffff g

= F2 m

hence total vertical force
Ftotal = 2F1 n + 2F2 m

Ftotal = 2F1 n + mφ

1 + γ
φ
ffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + γ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1
d e

ffffffffffffffffffffffffffffffffffffffffffffffffffffff

H

L

L

L

L

L

L

L

L

J

I

M

M

M

M

M

M

M

M

K

F1v
=

Ftotal

2 n + mφ

1 + A γ
φ
ffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + γ2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1
d e

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

H

L

L

L

L

L

L

J

I

M

M

M

M

M

M

K

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 1
` a

F2v
= F1 φ

1 + A γ
φ
ffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + γ 2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1
d e

fffffffffffffffffffffffffffffffffffffffffffffffffffffffff 2
` a

ΔF1v
=

F1

n
fffffff 3

` a

ΔF2v
=

F2

m
ffffffff 4

` a

e are vertical forces, derived from vertical equilibriumabov    
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for horizontal force

F1h
= F1v

a
δ
ffff; ΔF1h

= F1h

a
δ
ffff 5
` a

F2h
= F2v

b
δ
ffff; ΔF2h

= F2h

b
δ
ffff 6
` a

hence equations 1 to 6 can be used to determine force distribution on frame side members
to determine total force
assume one passenger of maximum mass 90 kg generates an inertia force due to bouncing equivalent to
2g max
Ftotal = 90x9.81x2 = 1765.8 N
a = 840mm, b = 1638mm, assumeδ = 200mm, n = 10, m = 5
from equation 1

` a

F1v
=

1765.8

2 11 + 5x1.95
1 + 0.24

1.95
ffffffffffffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + 0.242q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1
d e

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

H

L

L

L

L

L

L

J

I

M

M

M

M

M

M

K

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 65 N

from equation 2
` a

F2V
= 65x1.95x

1 + 0.24
1.95
fffffffffffffff

d e2
vuut
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1

h

l

j

i

m

k

1 + 0.242q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

@ 1
d e

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 33.7 N

f rom equations 3
` a

and 4
` a

ΔF1v
=

65
10
fffffff= 6.5 N ; ΔF2v

=
33.7

5
fffffffffffff= 6.7 N

from equations 5
` a

and 6
` a

F1h
= 65x 840

200
fffffffffff= 273 N ; ΔFih

=
273
10
fffffffffff= 27.3 N

F2h
= 33.7x 1638

200
fffffffffffffff= 276 N ; ΔFih

=
276
5
fffffffffff= 55.2 N
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2
a

Section Verification
i
a

Load Case 1
Steel Plate Section
σ vm = 22.5 N / mm 2 < 213 N / mm 2

Factor of Safety on Permissible Strength =
213
22.5
fffffffffffff= 9.4 Satisfactory

Deflexion =
217

6845
fffffffffffffff≥ 1

200
fffffffffffSatisfactory Based On Dynamic Deflexion

ii
a

Load Case 2
Steel Plate Section
σ vm = 22.0 N / mm 2 < 213 N / mm 2

Factor of Safety on Permissible Strength =
213
22.0
fffffffffffff= 9.6 Satisfactory

Deflexion =
76

6845
fffffffffffffff≥ 1

200
fffffffffffSatisfactory Based On Dynamic Deflexion

iii
a

Load Case 3
Steel Plate Section
σ vm = 21.4 N / mm 2 < 213 N / mm 2

Factor of Safety on Permissible Strength =
213
21.4
fffffffffffff= 9.9 Satisfactory

Deflexion =
271

6845
fffffffffffffff≥ 1

200
fffffffffffSatisfactory Based On Dynamic Deflexion

a

Load Case 4
Steel Plate Section
σ vm = 17.7 N / mm 2 < 213 N / mm 2

Factor of Safety on Permissible Strength =
213
17.7
fffffffffffff= 12.0 Satisfactory

Deflexion =
67

6845
fffffffffffffff≥ 1

200
fffffffffffSatisfactory Based On Dynamic Deflexion

iv   
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3
a

Beam section verification@ Section Capacities
i
a

Main Structure Real Constant 1@ 80x40x3 RHS
l
r
fff= 1690x0.85

16.3
fffffffffffffffffffffffffffffffff= 88.1

Pcf = 83 x 674
` a

x10@ 3 = 55.9 kN

Ptf = 145 x 674
` a

x10@ 3 = 97.7 kN

Pbctzz
= 154 x 13600
` a

x10@ 6 = 2.09 kNm

Pbctyy
= 154 x 9000
` a

x10@ 6 = 1.39 kNm
Real Constant 2@ 60x60x3 SHS
l
r
fff= 1565

23.2
fffffffffffffff= 67.5

Pcf = 107 x 674
` a

x10@ 3 = 72.1 kN

Ptf = 145 x 674
` a

x10@ 3 = 97.7 kN

Pbctzz
= 154 x 12100
` a

x10@ 6 = 1.86 kNm

Pbctyy
= 154 x 12100
` a

x10@ 6 = 1.86 kNm
Real Constant 6@ 30x30x3 SHS
l
r
fff= 95

10.9
fffffffffffff= 8.7

Pcf = 141 x 314
` a

x10@ 3 = 44.3 N

Ptf = 145 x 314
` a

x10@ 3 = 45.5 kN

Pbctzz
= 154 x 2500
` a

x10@ 6 = 0.39 kNm

Pbctyy
= 154 x 2500
` a

x10@ 6 = 0.39 kNm
Real Constant 14@ 80x40x3 RHS
l
r
fff= 1690x0.85

16.3
fffffffffffffffffffffffffffffffff= 88.1

Pcf = 83 x 674
` a

x10@ 3 = 55.9 kN

Ptf = 145 x 674
` a

x10@ 3 = 97.7 kN

Pbctzz
= 154 x 9000
` a

x10@ 6 = 1.39 kNm

bctyy
= 154 x 13600
` a

x10@ 6 = 2.09 kNmP    

 ACA 
Engineering 
Consultants 

Prepared By: R. Anderson Checked By: Dr. M. Lacey 

© 2010 ACA Engineering Consultants     S1778-1 Page 66 Of 76



 Contract No. S1778-1 

   ©  ACA  2010       Sheet:        7       of:  16 

Advanced Computational Analysis 
4a, Main Road, Gedling, Nottingham. NG4 3HP. 
Telephone 0115 9533931   e-mail: enquiries@aca-consultants.co.uk 

 

3
a

Beam section verification@ Section Capacities
Real Constant 19@ 50x30x3 RHS
l
r
fff= 95

19.1
ffffffffffff= 5

Pcf = 142 x 434
` a

x10@ 3 = 61.6 kN

Ptf = 145 x 434
` a

x10@ 3 = 62.9 kN

Pbctzz
= 154 x 5430
` a

x10@ 6 = 0.84 kNm

Pbctyy
= 154 x 3960
` a

x10@ 6 = 0.61 kNm

ii
a

Trampoline Structure Real Constant 1@ 50x30x3 RHS
l
r
fff= 1725x0.85

11.8
fffffffffffffffffffffffffffffffff= 124

Pcf = 49 x 434
` a

x10@ 3 = 21.3 kN

Ptf = 145 x 434
` a

x10@ 3 = 62.9 kN

Pbctzz
= 154 x 5430
` a

x10@ 6 = 0.84 kNm

Pbctyy
= 154 x 3960
` a

x10@ 6 = 0.61 kNm
Real Constant 3@ 40x40x3 SHS
l
r
fff= 682

15
fffffffffff= 45

Pcf = 123 x 434
` a

x10@ 3 = 53.4 kN

Ptf = 145 x 434
` a

x10@ 3 = 62.9 kN

Pbctzz
= 154 x 4890
` a

x10@ 6 = 0.75 kNm

Pbctyy
= 154 x 4890
` a

x10@ 6 = 0.75 kNm
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3b) Summary of Utilisation factors in accordance with BS449 for Main Structure 

 ACA 
Engineering 
Consultants 

 
Real Constant Utilisation Factors Load Case 1 2 6 14 19 

1 0.75 0.2 0.9 0.27 0.46 
2 0.74 0.08 1 0.35 0.65 
3 0.74 0.23 0.81 0.38 0.47 
4 0.57 0.07 0.79 0.27 0.52 

 
 

Table 3 – Utilisation Factors For Steel Beam Elements 
 
 
 

3c) Summary of Utilisation factors in accordance with BS449 for Trampoline Structure 
 

Real Constant Utilisation Factors Load Case 1 3 
1 0.55 0.44 

 
Table 4 – Utilisation Factors For Steel Beam Elements 
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3c
a

Aluminium section verification@ Section Capacities
i
a

80x3 CHS grade 6005A T5

Factored Axial Force P = F Ax γ f 1xγ f 2 = 7911x1.33x1
` a

x10@ 3 = 10.52 kN

Resultant Moment M
@@Q

= M yy
2 + M zz

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 0.12 + 0.162q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 0.19 kNm
Factored Moment M = M xγ f 1

xγ f 2
= 0.19x1.33x1 = 0.25 kNm

Slenderness parameterλ = kl
r
ffffff= 1.25 x 2855

29
fffffffffffffff= 123

Buckling Stress ps = 39.6 N / mm 2

Factored axial resistance to buckling PR =
psxA

γm

ffffffffffff= 39.6x 726
1.2
fffffffffffff g

x10@ 3 = 23.96 kN

Factored moment resistance M RS = p1
S
γ
fffffm = 240x 20497

1.2
ffffffffffffffffffff g

x10@ 6 = 4.1 kNm

P
PR

fffffffff+ M
M RS

ffffffffffffff+ PM RS

2PR M RS

ffffffffffffffffffffffffffff≤ 1

=
10.52
23.96
fffffffffffffffff+ 0.25

4.1
fffffffffffff+ 3.36x0.25

2x23.96x4.1
fffffffffffffffffffffffffffffffffffffff= 0.5 ≤ 1 Satisfactory

ii
a

90x3 CHS grade 6005A T5

Factored Axial Force P = F Ax γ f 1xγ f 2 = 7952x1.33x1
` a

x10@ 3 = 10.6 kN

Resultant Moment M
@@Q

= M yy
2 + M zz

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 0.2162 + 0.1872q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 0.29 kNm
Factored Moment M = M xγ f 1

xγ f 2
= 0.29x1.33x1 = 0.39 kNm

Slenderness parameterλ = kl
r
ffffff= 1.25 x 4000

30.6
ffffffffffffffff= 163

Buckling Stress ps = 24 N / mm 2

Factored axial resitance to buckling PR =
psxA

γm

ffffffffffff= 24x 951
1.2
ffffffffffff g

x10@ 3 = 19.02 kN

Factored moment resistance M RS = p1
S
γ
fffffm = 240x 26202

1.2
ffffffffffffffffffff g

x10@ 6 = 5.24 kNm

P
PR

fffffffff+ M
M RS

ffffffffffffff+ PM RS

2PR M RS

ffffffffffffffffffffffffffff≤ 1

=
10.6

19.02
fffffffffffffffff+ 0.29

5.24
fffffffffffff+ 10.6x0.29

2x19.02x5.24
fffffffffffffffffffffffffffffffffffffffffff= 0.63 ≤ 1 Satisfactory   

 ACA 
Engineering 
Consultants 

Prepared By: R. Anderson Checked By: Dr. M. Lacey 

© 2010 ACA Engineering Consultants     S1778-1 Page 69 Of 76



 Contract No. S1778-1 

   ©  ACA  2010       Sheet:        10       of:  16 

Advanced Computational Analysis 
4a, Main Road, Gedling, Nottingham. NG4 3HP. 
Telephone 0115 9533931   e-mail: enquiries@aca-consultants.co.uk 

 

4 a
a

Weld Analysis
Weld connecting 40x40x3 SHS support at corner of base frame, detailed in figure 4.1,
due to load case 2 AAssuming 3mm continuous fillet weld
SFx = 3634 N
F y =@ 9862 N
SF z = 3687 N
M xx = 317540 Nmm
SM yy = 1727 Nmm
M zz =@ 315290 Nmm
Force on weld due to tension

FmaxM xx
=

M xx

bd + 2 b2

3
ffffffff

ffffffffffffffffffffffffffffff= 317540

40x40 + 2 402

3
fffffffffff

f g

ffffffffffffffffffffffffffffffffffffffffffffffffffff= 119 N / mm

FmaxM zz
=

M zz

bd + 2 d 2

3
ffffffff

ffffffffffffffffffffffffffffff= 315290

40x40 + 2 402

3
fffffffffff

f g

ffffffffffffffffffffffffffffffffffffffffffffffffffff= 118 N / mm

FmaxF y
=

F y

2 b + d
` a

fffffffffffffffffffffffffff= @ 9862
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff=@ 62 N / mm

FT = 119 + 118@ 62 = 175 N / mm
Force on weld due to shear

SFFx =
SFx

2 b + d
` a

fffffffffffffffffffffffffff= 3634
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff= 28 N / mm

SFFz =
SF z

2 b + d
` a

fffffffffffffffffffffffffff= 3687
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff= 23 N / mm

SF M y
=

M y x r

bd b + d
` a

+ d3 + b3

3
ffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 1727 x 28

40 x 40 40 + 40
` a

+ 403 + 403

3
fffffffffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 0.28 N / mm

α = 45N

SFT = SFF x
+ SF M y

sinα
b c2

+ SFF z
+ SF M y

cosα
b c2s

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 28 + 0.28sin45
` a2 + 23 + 0.28cos45

` a2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 37 N / mm
Resultant force on weld

Fr = FT
2 + SFT

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 1752 + 372q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 179 N / mm
Resultant stress on weld

σ max =
Fr

3
ffffffffx 2p

wwwwwwwwwwwwwwwww
=

179
3
fffffffffffx 2p

wwwwwwwwwwwwwwwww
= 84 N / mm 2 ≤ 125 N / mm2 Satisfactory
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4 b
a

Weld Analysis continued
Weld connecting 80x40x3 RHS connecting main arm support to frame, detailed in figure 4.1,
due to load case 2 AAssuming 3mm continuous fillet weld
Fx = 148 N
SF y = 3518 N
SF z = 816 N
SM xx =@ 8629 Nmm
M yy =@ 13965 Nmm
M zz = 226440 Nmm
Force on weld due to tension

FmaxM yy
=

M yy

bd + 2 b2

3
ffffffff

ffffffffffffffffffffffffffffff= 13965

80x40 + 2 802

3
fffffffffff

f g

fffffffffffffffffffffffffffffffffffffffffffffffffff= 1.9 N / mm

FmaxM zz
=

M zz

bd + 2 d 2

3
ffffffff

ffffffffffffffffffffffffffffff= 226440

80x40 + 2 402

3
fffffffffff

f g

fffffffffffffffffffffffffffffffffffffffffffffffffff= 53 N / mm

FmaxF x
=

Fx

2 b + d
` a

fffffffffffffffffffffffffff= 148
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 0.6 N / mm

FT = 1.9 + 53 + 0.6 = 55.5 N / mm
Force on weld due to shear

SFFy =
SF y

2 b + d
` a

fffffffffffffffffffffffffff= 3518
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 14.7 N / mm

SFFz =
SF z

2 b + d
` a

fffffffffffffffffffffffffff= 816
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 3.4 N / mm

SF M x
=

M x x r

bd b + d
` a

+ d3 + b3

3
ffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 8629 x 44.7

80 x 40 80 + 40
` a

+ 403 + 803

3
fffffffffffffffffffffffffffffff

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 0.67 N / mm

α =26.6N

SFT = SFF y
+ SF M x

sinα
b c2

+ SFF z
+ SF M x

cosα
b c2s

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 14.7 + 0.66sin26.6
` a2 + 3.4 + 0.66cos26.6

` a2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 15.5 N / mm
Resultant force on weld

Fr = FT
2 + SFT

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 55.52 +15.52q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 57.6N / mm
Resultant stress on weld

σ max =
Fr

3
ffffffffx 2p

wwwwwwwwwwwwwwwww
=

57.6
3
fffffffffffffx 2p

wwwwwwwwwwwwwwwww
= 27.2 N / mm 2 ≤ 125 N / mm 2 Satisfactory
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4 c
a

Weld Analysis continued
Weld connecting 80x40x3 RHS connecting main arm pin to frame, detailed in figure 4.1,
due to load case 2 AAssuming 3mm continuous fillet weld
SFx = 4279 N
SF y = 2735 N
F z =@ 2758 N
M xx =@ 165710 Nmm
M yy = 386430 Nmm
SM zz = 126070 Nmm
Force on weld due to tension

FmaxM xx
=

M xx

bd + 2 b2

3
ffffffff

ffffffffffffffffffffffffffffff= 165710

80x40 + 2 802

3
fffffffffff

f g

fffffffffffffffffffffffffffffffffffffffffffffffffff= 22 N / mm

FmaxM yy
=

M yy

bd + 2 d 2

3
ffffffff

ffffffffffffffffffffffffffffff= 386430

80x40 + 2 402

3
fffffffffff

f g

fffffffffffffffffffffffffffffffffffffffffffffffffff= 90.6 N / mm

FmaxF z
=

F z

2 b + d
` a

fffffffffffffffffffffffffff= 2758
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 11.5 N / mm

FT = 22 + 90.6 + 11.5 = 124.1 N / mm
Force on weld due to shear

SFFx =
SFx

2 b + d
` a

fffffffffffffffffffffffffff= 4279
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 18 N / mm

SFFy =
SF y

2 b + d
` a

fffffffffffffffffffffffffff= 2735
2 80 + 40
` a

ffffffffffffffffffffffffffffffffff= 11.4 N / mm

SF M z
=

M z x r

bd b + d
` a

+ d3 + b3

3
ffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 126070 x 44.7

80 x 40 80 + 40
` a

+ 403 + 803

3
fffffffffffffffffffffffffffffff

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 9.8 N / mm

α =26.6N

SFT = SFF x
+ SF M z

sinα
b c2

+ SFF z
+ SF M z

cosα
b c2s

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 18 + 9.8sin26.6
` a2 + 11.4 + 9.8cos26.6

` a2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 30.1 N / mm
Resultant force on weld

Fr = FT
2 + SFT

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 124.12 + 30.12q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 127.7 N / mm
Resultant stress on weld

σ max =
Fr

3
ffffffffx 2p

wwwwwwwwwwwwwwwww
=

127.7
3
fffffffffffffffffx 2p

wwwwwwwwwwwwwwwww
= 60.2 N / mm 2 ≤ 125 N / mm 2 Satisfactory
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4 d
a

Weld Analysis continued
Weld connecting 40x40x3 SHS on trampoline support structure, detailed in figure 3.18,
due to load case 1 AAssuming 3mm continuous fillet weld
SFx =@ 11 N
SF y = 849 N
F z = 1280 N
M xx =@ 2326 Nmm
M yy = 3958 Nmm
SM zz =@ 5967 Nmm
Force on weld due to tension

FmaxM xx
=

M xx

bd + 2 b2

3
ffffffff

ffffffffffffffffffffffffffffff= 2326

40x40 + 2 402

3
fffffffffff

f g

ffffffffffffffffffffffffffffffffffffffffffffffffffff= 0.87 N / mm

FmaxM yy
=

M yy

bd + 2 d 2

3
ffffffff

ffffffffffffffffffffffffffffff= 3958

40x40 + 2 402

3
fffffffffff

f g

ffffffffffffffffffffffffffffffffffffffffffffffffffff= 1.5 N / mm

FmaxF z
=

F z

2 b + d
` a

fffffffffffffffffffffffffff= 1280
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff= 8 N / mm

FT = 0.9 + 1.5 + 8 = 10.4 N / mm
Force on weld due to shear

SFFx =
SFx

2 b + d
` a

fffffffffffffffffffffffffff= 11
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff= 0.1 N / mm

SFFy =
SF y

2 b + d
` a

fffffffffffffffffffffffffff= 849
2 40 + 40
` a

fffffffffffffffffffffffffffffffffff= 5.3 N / mm

SF M z
=

M z x r

bd b + d
` a

+ d3 + b3

3
ffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 5967 x 28.3

40 x 40 40 + 40
` a

+ 403 + 403

3
fffffffffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff= 1 N / mm

α = 45N

SFT = SFF x
+ SF M z

sinα
b c2

+ SFF z
+ SF M z

cosα
b c2s

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 0.1 + 1sin45
` a2 + 5.3 + 1cos45

` a2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 6.1 N / mm
Resultant force on weld

Fr = FT
2 + SFT

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 10.42 + 6.12q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 12.1 N / mm
Resultant stress on weld

σ max =
Fr

3
ffffffffx 2p

wwwwwwwwwwwwwwwww
=

12.1
3
ffffffffffffx 2p

wwwwwwwwwwwwwwwww
= 5.7 N / mm 2 ≤ 125 N / mm2 Satisfactory

  

 ACA 
Engineering 
Consultants 

Prepared By: R. Anderson Checked By: Dr. M. Lacey 

© 2010 ACA Engineering Consultants     S1778-1 Page 73 Of 76



 Contract No. S1778-1 

   ©  ACA  2010       Sheet:        14       of:  16 

Advanced Computational Analysis 
4a, Main Road, Gedling, Nottingham. NG4 3HP. 
Telephone 0115 9533931   e-mail: enquiries@aca-consultants.co.uk 

 

5
a

Fatigue analysis
Maximum change in weld resultant stresses
Weld identified in 4a
σR1

= 84 N / mm 2

Assuming stress falls to 0 N when participant is at top of bounce
Δσ p = 84 N / mm 2

Weld identified in 4b
σR1

= 27.2N / mm 2

Assuming stress falls to 0 N when participant is at top of bounce
Δσ p = 27.2 N / mm 2

Weld identified in 4c
σR1

= 63.4 N / mm 2

Assuming stress falls to 0 N when participant is at top of bounce
Δσ p = 63.4 N / mm 2

Weld identified in 4d
σR1

= 5.7 N / mm 2

Assuming stress falls to 0 N when participant is at top of bounce
Δσ p = 5.7 N / mm 2
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a

Fatigue analysis
Δσ p = 84 N / mm 2 for 90 kg passenger load

Δσ p = 84x 3
4
ffff= 63 N / mm 2 for 67.5kg passenger load

Δσ p = 85x 1
2
fff= 42 N / mm 2 for 45kg passenger load

For weld class F2
with Δσ = 84 N / mm 2 , predicted fatigue life = 7.27 x105 cycles
with Δσ = 63 N / mm 2 , predicted fatigue life = 1.72 x106 cycles
with Δσ = 42 N / mm 2 , predicted fatigue life = 5.82 x106 cycles
number of cycles per year with 90kg passenger loading or balanced

` a

= 0.25x864000 = 216000
number of cycles per year with 67.5kg passenger loading = 0.25x864000 = 216000
number of cycles per year with 42kg passenger loading = 0.5x864000 = 432000

from Miner. s summationΣ =
2.16
7.27
ffffffffffffff+ 2.16

17.2
fffffffffffff+ 4.32

58.2
ffffffffffffff= 0.50

predicted weld fatigue life = 1
0.5
fffffffff= 2 years Satisfactory

Note:
i
a

Above analysis based on an operational life of 30 cycles / min,2mins / ride, 12 rides / hour,5 hours / day
240 days / year = 864000 cycles

ii
a

Assumed loading spectrum is 50% of life half loaded 42kg participant
b c

, 25% of life with

67.5 kg particpant of load and 25% of life with 90 kg particpant AHence analysis based on
Miner. s summation using BS7608:1993
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6
a

Connection Verification
a
a

14 dia pin connection main arms to support frame, load case 2
F y = 2775 N
F z = 2779 N
Resultant shear force

FRS = F y
2 + F z

2q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 27752 + 27792q
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

= 3927 N
Maximum shear stress

τmax =
4
3
ffff
B

3927
154
fffffffffffffff= 34.0 N / mm 2 ≤ 80 N / mm 2 Satisfactory
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