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1. Introduction 

As the Barrel Tile Calorimeter is constructed, the support saddles and the modules will be subjected to 
different forces, stresses, and deflections than when completely assembled.  The purpose of this analysis is to 
examine the forces, stresses, and deflections acting on the support saddles and modules at various stages of 
assembly.  The nominal weight of a barrel module is 20 tons.  CERN Document number ATL-LB-EA-0001 
“Summary of the Structural Analysis of the Barrel Support Saddles” describes in detail the structural analysis 
of the saddles and the completed barrel assembly.  These calculations followed Eurocode 3. 
 
The paper will be divided into the following sections: 

1. Introduction 
2. Model Description 
3. Load Cases 
4. Stability of Assembly 
5. Forces between Modules 
6. Inner Radius Bearing Connection 
7. Outer Radius Connections 
8. Swivel Bolt Forces and Torque 
9. Reaction Forces 

10. Deflections 
11. Conclusion 
Appendix 1 Forces between modules 
Appendix 2 Inner Radius Bearing Stresses 
Appendix 3 Outer radius Bearing Stresses 
Appendix 4 Girder Bolt Forces 
Appendix 5 Girder Bolt Normal Stresses 
Appendix 6 Girder Thread Shear Stresses 
Appendix 7 Swivel Bolt and Saddle Key Forces 
Appendix 8 Swivel Bolt Normal Stresses 
Appendix 9 Swivel Bolt Thread Shear Stresses in Saddle 
Appendix 10 Swivel Bolt Torques 
Appendix 11 Fiducial Mark Displacements 

 
 
2. Model Description 

In the FE model of the saddle and back cryostat support the Z axis ran along the beam line, the Y axis 
was in the vertical direction, and the X axis was horizontal.   
 
Software used:  COSMOS/M and SolidWorks 
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Type of Elements: Solid 
Number of Elements:  78,355 
Material: Stainless Steel, E = 206,000 MPa 
Code applied: Eurocode 3 

 
A complete description of how the modules, connections within and between modules, and support 

saddles were modeled can be found in ANL Technical Report # ANL-HEP-TR-01-097, “Extended Barrel 
Support Saddle Design and Analysis”. 
 
3. Load Cases 

There were eight load cases examined to date.  All of the loads are at their nominal values.  These are 
described below: 
 
BA1 - 64 modules in place with cryostat load 
BA2 - 64 modules in place without cryostat load 
BA3 - 48 modules in place without cryostat load 
BA4 - 32 modules in place without cryostat load 
BA5 - 16 modules in place without cryostat load 
BA6 - 16 modules in place without cryostat load and with support cradle 
BA7 - 18 modules in place without cryostat load 
BA8 - 18 modules in place without cryostat load and with support cradle 
 
The figure below is an example of how modules are numbered.   
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4. Stability of Assembly 
Static analysis of the saddle shows that the assembly structure is not stable when there are only 16 modules 
in place and if the support cradle is moved.  This load case was examined by performing some simple hand 
calculations and with a 2D fortran program which solved for the reaction forces on the saddle.  With the 
constraint that the swivel bolt forces must be in compression in both of these load cases it was found that a 
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static solution was only possible if additional support was provided to the saddles or modules below the 

saddle.   
Static Analysis of Load Case BA5 - 16 modules in place.   
The figure above shows a simplified location of forces being applied to the saddle in load case BA5 in which 
there are 16 modules in place that are only supported by the saddle.  With only 16 modules in place only 1 
swivel bolt and the key are in contact.  The reaction force F is known is equal to 8 times the weight of a 
module.  The saddle reaction forces Fr and Fs can be easily solved by statics as shown below: 
 

yFΣ  FFF sr =+ θθ sincos  

xFΣ  θθ cossin sr FF =  

 θcosFFr =  
 
 θsinFFs =  

However, the sum of the moments about the IP must be equal to zero in order to achieve equilibrium, 
therefore: 

IPMΣ  0=+− XFRFs  

Solving for X we find: 

 
F

RF
X s=  

 
 θsinRX =  
If the angle is: 
 034≈θ  
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 RX 56.≈  
 
Using R=4,173mm we find that X=2,333mm which is not underneath the saddle support beam.  If the 
support point is located at 3,000mm at the center of the support beam then an additional moment [ 
M=(3000mm-X)*F ] is needed in order to achieve static equilibrium.   
 
In order to achieve equilibrium during assembly the support cradle that is used to initially assemble the first 
12 modules will have to be kept in place.  In this case the support cradle carries the entire load of the 
modules and only a minimal load is applied to the saddles.  A further static analysis shows that the structure 
becomes stable when there are 18 modules in place and the cradle has been removed.  The cradle will need to 
be in place until that point.   
 
Load Case BA5 has 16 modules in place that are supported only by the saddle.  The FEA model for this load 
case gives reasonable values for the forces between modules and on the saddle.  However, the reaction forces 
at the bottom of the saddle support beam do not sum to zero and the application of a very small force in the 
X direction to the saddle results in extremely large deflections.  The FEA model therefore is not in a stable 
equilibrium as predicted by this static analysis.  The results for this model are considered invalid.  However, 
in model BA7 there are 18 modules in place with the cradle support.  In this case the FEA model is stable, 
the forces sum to zero and the application of a force in the X direction does not lead to any perturbations.  
This is consistent with the static analysis that the structure is stable with 18 modules in place   
 
Static Analysis with Cradle and Saddles in Place 
With the support cradle and saddle in place supporting the modules it is not possible to do a static analysis to 
solve for the forces acting on the cradle, saddle, and modules without making some simplifying assumptions 
because the entire structure is indeterminate.  However, we can examine the equilibrium of the saddle.  There 
are only three forces acting on the saddle as shown in the Figure above and all of these are unknowns.  The 
force F is the force which supports the saddle at the main support beam.  When the cradle is not in place F 
equals the weight of the structure as shown in the static analysis above.  However, with the cradle in place F 
becomes an unknown because a proportion of the weight is carried by the cradle.  The value of F depends 
upon the stiffness of the entire structure.  The equilibrium equations for the saddle are described below and 
are similar to the static analysis above, except that F in this case is an unknown.   
 

yFΣ  0sincos =++ FsFrF sr θθ  

xFΣ  sFrF sr θθ cossin =  

 
s

r
rs FF

θ
θ

cos

sin
=  

 

IPMΣ  0=+− XFRFs  

 
If rθ and sθ are equal and we solve these equations to eliminate Fr and Fs from these equations to get: 
 

0sin
sin

cos2

=−⎟
⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+ F

R

X
F θ

θ
θ
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This equation is satisfied if F equals zero or if: 
 

0sin =− θ
R

X
 

 
In order to achieve stability X must equal 3,000mm and θ  must equal the angle of the key.  But this is not 
the case because if R=4173 then o9.45=θ .  However, the angle to the key is 36.56 so the structure cannot 
be in equilibrium.  If we force o56.36=θ and solve for X we find that X=2485 which is not under the saddle 
support beam.   
 
With the geometry that we have it will only be possible to achieve equilibrium with the cradle in place if the 
forces acting on the saddle are zero.  This can only occur if the modules/BARRELis sufficiently stiff so that 
the entire load is transferred through the modules and to the cradle.  If the modules deflect significantly in 
the region of the saddle then load will be transferred to the saddles.   
 
Load Case BA8 has 16 modules in place with the cradle and saddles.  The forces on the saddle are zero and 
all of the load is transferred to the support cradle in order to achieve equilibrium as predicted by the simple 
static analysis.   
 
 
5. Forces Between Modules 

The forces between modules for each of the load cases are shown in Appendix 1.  These forces are used 
throughout the remainder of the analysis to evaluate the connections between modules.   
 
6. Inner Radius Bearing Connection 
The bearing stress on the inner radius weld bars have been calculated and are shown in Appendix 2.  A 5mm 
wide bearing area of the weld bar is used in this calculation.  The force P1, which is the force per unit length, 
given in Appendix 1 was used in this calculation.   
 
The largest bearing stresses occur are 149 MPa at modules 15-16 in load case BA1 with 64 modules and the 
cryostat load in place.   
 
Earlier tests on the ability of the front plate to withstand the bearing load at the inner radius have shown that 
plastic deformation of the front plate occurs when a bearing load of 38tons applied to a submodule (1694 
N/mm).  Failure of the welds and the front plate occurred in these tests at a maximum load of 85 tons applied 
to three modules (3,789 N/mm).  In these tests the entire bearing load was transferred through the front plate.  
The front plate bearing load is far below the loads of these tests.   
 
7. Connections Between Modules at the Outer Radius 
The modules are connected together at the outer radius of the modules by a series of connecting plates.  The 
details of this connection and the forces acting on it are shown in the figure below.  M30 bolts and 33mm 
diameter pins must resist tension and a shearing forces at the outer radius.  At the bottom of the extended 
barrel the bearing force, P2, results in tension between the modules, this is resisted by replacing a portion of 
the M30 bolts with 33mm diameter pins in modules 1-6 and 58-64.  At the very top of the extended barrel 
the bearing force, P2, is also tension, however, this is much smaller than at the bottom so it will be resisted 
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by generating a friction force by the M30 bolts.  In the remainder of the detector the bearing force, P2, is 
compression and this is resisted by the bearing surface between the outer radius of the modules.  
 
7.1 Bearing Force at Outer Radius. 
The bearing force at the outer radius, P2, is distributed over a 37.5mm thick plate on the outer radius of the 
girder.  Therefore, the bearing stress can be simply calculated as P2/37.5mm and is listed in Appendix 3.  
The positions that are in tension have a “T” and the force P2 in those locations are carried by a 33mm 
diameter pin below the saddle or friction above the saddle.  It can be seen in the tables in Appendix 3 that the 
bearing stresses are all small and well below the acceptable limit of 192 MPa (240MPa yield stress divided 
by 1.25%).    
 
 
7.2 Tension Connection at the Outer Radius 
The tension force, P2, at the outer radius will be carried by 33mm diameter pins in the modules below the 
saddle (module #’s 1-6 and 58-64) and by friction throughout the remainder of the Barrel.   
 
The length of the module that a given set of 2 pins carries the force is 350mm.  According to EUROCODE 3, 
chapter 6.5, the maximum design load on the pin connection is the minimal of: 
  
 

 
yMr

Afur
Fv

••= 6.0
 

 

 
yMr

tdofua
Fb

••••= 5.2
 

 
where: 
 
A = pin section 
Fv = shear resistance per shear plane 
fur = ultimate tensile strength of the pin 
yMr = safety factor (1.25) 
Fb = Bearing resistance 
fu = ultimate tensile strength of the basis material 
do = diameter of the pin hole 
t = plate thickness 
a = parameter (see ENV 1993-1-1, pag. 156) 
 
Applying the above mentioned formulas we get the values: 
 
Fv = 492 KN ; Fb = 355 kN 
 
So, the design load per pin is 355 kN.  For a set of pins the design load is 710 kN which is equivalent to 
2,028 N/mm (710kN/350mm).  The force P2 is below this value everywhere.   
 
7.3 Tension Connection Carried by Friction 
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In modules #7 to 57 the tension force at the outer radius, P2, is carried by friction.  A pre-stress of 726 MPa 
is going to be applied to the bolts.  Using a safety factor of 1.5 on the pre-stress the normal force from this 
pre-stress is: N = S*Area/1.5 = 726MPa * 539mm2/1.5 = 261 kN 
 
Using a coefficient of friction of .2 the maximum tension load is calculated as: 
 
T = μN = .2 * 261 kN = 52 kN 
 
Since there are two bolts for every 175mm of length in Z this results in a tension load, P2, of: 
 
P2max = 2T/175mm = 52kN * 2 / 175mm = 594N/mm 
 
The value of P2 above the saddle is below this value in all of the load cases as seen in Appendix 1.   
 

 
 

Forces Acting on Connecting Plate 
 
 
7.4 Calculation of the Girder/Link Plate Bolt Stresses 
 At a given connection between modules the force Pt is resisted as shown in the figure above.   
Solving for the forces on the bolts we find: 

 
C

ALP
F t

b

••
=1  
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 ( ) ⎟
⎠
⎞

⎜
⎝
⎛ −••=

C

A
LPF tb 12  

 
 A = 165mm 
 C = 125mm 
 
Pt is a force distributed over the length of the module in Z.   L is the length of the module that a given bolt 
acting upon, on average this is one bolt per 175mm in the modules 7-57 and 350mm in modules 1-6 and 58-
64.  
 
The stress in the bolts is: 
 

 
A

F=σ  

 
 F = bolt force (Fb1 or Fb2) increased by 25% per Eurocode 
 A = area of bolt = 539mm^2 
 
The bolt normal stresses are shown in Appendix 5 
 
A M30 class 10.4 bolt will be used which has a yield stress of 1,000 N/mm^2.  The maximum normal stress 
425 MPa which is well below this value so all of the normal stresses on the bolts are within acceptable limits.   
 
It had been planned to apply a pre-stress of 726 N/mm2 to the M30 bolts on the link plates in order to 
achieve the required friction force.  A pre-stress of 726 N/mm2 would give an additional safety factor of 1.72 
(a safety factor of 1.25 per Eurode is already applied) on all of the bolts.   
 
The shear stress of the internal threads of the bolted connection are calculated by: 
 

A

F=τ  

 
 F = bolt force (Fb1 or Fb2) increased by 25% per Eurocode 
 
 A = .87 * pi * D*L = 2,849 mm^2 
 D = minor diameter of the thread = 27.8mm 
 L = length of engagement = 37.5mm 
 
The shears stresses on the internal threads are shown in Appendix 6.     
 
The maximum allowable shear stress in the girder material is 138Mpa.  The maximum shear stress that 
occurs is in load case BC1 and is 80.4MPa which is below the maximum allowable value.   
 
8. Swivel Bolt Forces and Torques 

The force on the saddles from the BARREL also change as the modules are assembled.  These are shown 
in Appendix 7 for each Z position.  It should be noted that there are three swivel bolts per Z position.  The 
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forces in Appendix 7, therefore, need to be divided by 3 in order to find the force per swivel bolt.  Once 
again, the maximum loads on the saddle occur in when the entire BARREL has been assembled.  There are 
two special cases; BA6 and BA8 when the support cradle.  In both of these load cases the forces on the 
saddle are zero because the load of the modules is being supported entirely by the support cradle. 
 
8.1 Swivel Bolt stresses 
The normal stresses in the swivel bolts are listed in Appendix 8.  The swivel bolts are made from 4140 steel 
with a tensile strength of 675Mpa.  Using the Eurocode to calculate the acceptable stress level for the bolt we 
find them to be 540 Mpa normal stress.  The maximum normal stress is 390 MPa which is well below the 
maximum allowable load.   
 
For the shears stress in the stainless steel (304L) saddle the maximum allowable shear stress is 138Mpa. 
Appendix 9 lists the shear stress in the saddle swivel bolt threads.  The maximum is 36MPa which is well 
below the allowable stress.    
 
8.2 Swivel Bolt Torques 
Swivel bolts support the load of the Barrel on the Saddles.  It is important to know the exact force on the 
swivel bolts during the assembly process.  In order to get an estimate of the force acting on the swivel bolts 
the torque on the bolts will be measured.  The relationship between the torque on a bolt and the force applied 
to a bolt though is complicated and often difficult to predict.  Therefore, a series of tests were conducted in 
order to empirically measure the relationship between torque and force on swivel bolts.  Appendix 10 lists 
the torques for each of the swivel bolts.   
 
9. Reaction Forces 
The reaction forces in the vertical direction underneath the saddle are listed for each of the load cases in the 
tables below.   The saddles on the left and right are each supported at 4 points which correspond to the 
location of the hydraulic jacks which will be used in the final installation for support.  In addition, the 
reaction forces on the cradle for load cases BA6 and BA8 when the cradle is in place are also listed.  The 
reaction forces for the cradle are in the radial direction.   
 
 

Load Case BA1 
 Position Force (N) 

Z1 1.8e6 
Z2 2.0e6 
Z3 2.0e6 

Left Side 

Z4 1.8e6 
Z1 1.8e6 
Z2 2.0e6 
Z3 2.0e6 

Right Side 

Z4 1.8e6 
 
 

Load Case BA2 
 Position Force (N) 

Left Side Z1 1.9e6 
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Z2 1.5e6 
Z3 1.5e6 

 

Z4 1.9e6 
Z1 1.9e6 
Z2 1.5e6 
Z3 1.5e6 

Right Side 

Z4 1.9e6 
 
 

Load Case BA3 
 Position Force (N) 

Z1 1.4e6 
Z2 1.2e6 
Z3 1.2e6 

Left Side 

Z4 1.4e6 
Z1 1.4e6 
Z2 1.2e6 
Z3 1.2e6 

Right Side 

Z4 1.4e6 
 
 

Load Case BA4 
 Position Force (N) 

Z1 9.9e5 
Z2 7.9e5 
Z3 7.9e5 

Left Side 

Z4 9.9e6 
Z1 9.9e5 
Z2 7.9e5 
Z3 7.9e5 

Right Side 

Z4 9.9e6 
 
 
 

Load Case BA6 
 Position Force (N) 

Z1 6.9e4 
Z2 4.7e4 
Z3 4.7e4 

Left Side 

Z4 6.9e4 
Z1 6.2e4 
Z2 4.1e4 
Z3 4.1e4 

Right Side 

Z4 6.2e4 
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Load Case BA6 
Reaction Forces in the Radial Direction on the Cradle (N) 

Module 
# Front Back 
1 131,480 131,480 
2 130,510 130,510 
3 128,820 124,980 
4 131,570 131,200 
5 360,020 362,120 
6 0 0 
7 0 0 
8 0 0 
9 0 0 
10 0 0 
11 0 0 
12 370,430 370,380 
13 127,080 127,080 
14 126,610 122,610 
15 129,810 128,360 
16 131,550 130,730 

 
 
 
 

Load Case BA7 
 Position Force (N) 

Z1 5.9e5 
Z2 4.5e5 
Z3 4.5e5 

Left Side 

Z4 5.9e5 
Z1 6.0e5 
Z2 4.3e5 
Z3 4.3e5 

Right Side 

Z4 6.0e5 
 
 

Load Case BA8 
 Position Force (N) 

Z1 9.6e4 
Z2 6.7e4 
Z3 6.7e4 

Left Side 

Z4 9.5e4 
Z1 8.4e4 
Z2 5.6e4 
Z3 5.6e4 

Right Side 

Z4 8.4e4 
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Load Case BA8 
Reaction Forces in the Radial Direction on the Cradle (N) 

 
Module 

# Front Back 
1 133,140 133,140 
2 131,030 130,970 
3 125,020 124,950 
4 111,520 111,380 
5 442,440 442,250 
6 0 0 
7 0 0 
8 0 0 
9 0 0 
10 485,610 485,650 
11 92,370 92,380 
12 119,670 119,670 
13 129,130 129,120 
14 132,970 132,960 

 
 
 
10. Deflections 
The deflections at the module fiducial marks are listed in Appendix 11 for each of the load cases.  The 
deflections at the cryostat support points are shown in the table below for the load cases BA1 and BA2 in 
which there are 64 modules in place and the cryostat load is transferred to the Barrel.  These deflections are 
important because they indicate how the cryostat support points will move as the cryostat load is applied.  
This table shows that the cryostat supports are initially deflected outward from the beam line by 1.0mm in 
the X direction and downward by -.2mm in load case  BA2 where 64 modules are in place but the cryostat 
load has not been transferred yet.  When the cryostat load is transferred in load case BA1 the cryostat 
supports move further away from the beam line by 2.0mm in the X direction and move vertically .6mm in Y 
from their nominal position.  Therefore, the interface between the cryostat and the cryostat supports on the 
barrel will have to accommodate deflections of approximately 1.0mm in both the X and Y directions.   
 

Front Cryostat 
Support Load Case 

X(mm) Y (mm) 
BA1 2.0 0.6 
BA2 1.0 -.2 

                           * positive X values are deflections away from the center of the Barrel 
 
 
 
11. Conclusions 
This paper examined several load cases which occur during the assembly of the Barrel.  The following are 
the main conclusions: 
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• The assembly is not stable until 18 modules are in place.  Only then can the support cradle be 
removed.   

• The forces between modules are nominal and are far less that the forces in the completed cylinder 
with 64 modules in place and the cryostat load applied. 

• All of the stresses in the connections between modules are within acceptable limits. 
• The interface between the cryostat supports and the cryostat move approximately 1.0 mm in the X 

and Y directions when the load of the cryostat is transferred to the Barrel. 
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Appendix 1 
Forces Between Modules 

 
 

Load Case BA1 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Mod
ule # P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 370 368 -46 384 463 -46 384 670 -48 386 483 -46 370 368 -46 
2 353 377 -66 376 428 -67 375 691 -70 377 453 -67 354 376 -66 
3 325 391 -84 363 366 -83 360 711 -89 364 397 -84 326 390 -84 
4 286 406 -92 345 255 -90 339 698 -113 345 290 -91 287 406 -93 
5 235 365 54 322 112 71 313 484 187 322 114 70 236 362 54 
6 196 -273 124 310 11 118 296 -610 -39 309 -33 118 197 -278 124 
7 204 -243 296 320 -73 312 305 -575 244 319 -114 316 204 -244 296 
8 259 -178 383 355 -95 400 343 -473 360 354 -128 403 259 -177 383 
9 359 -114 404 415 -79 424 409 -362 422 415 -107 425 358 -114 405 
10 475 -65 348 485 -52 366 484 -263 366 485 -74 366 473 -64 348 
11 580 -26 269 549 -21 282 551 -178 281 549 -39 282 579 -25 269 
12 659 5 193 598 9 202 600 -107 201 598 -5 202 659 6 193 
13 712 30 121 631 37 127 632 -51 126 630 25 127 711 30 121 
14 741 48 56 649 59 58 648 -8 58 646 50 58 740 48 56 
15 748 61 -4 651 76 -4 649 25 -5 648 69 -4 747 61 -4 
16 737 69 -56 641 87 -59 637 47 -60 637 81 -59 736 69 -56 
17 709 74 -101 618 93 -106 612 62 -106 614 89 -106 708 73 -101 
18 667 75 -138 586 95 -145 578 70 -145 582 91 -145 667 74 -138 
19 615 73 -167 545 92 -175 536 73 -176 541 89 -176 614 72 -167 
20 553 69 -188 497 86 -197 487 71 -198 493 84 -197 553 68 -188 
21 486 63 -201 444 78 -211 434 65 -211 441 76 -211 486 63 -201 
22 415 56 -206 389 68 -217 378 57 -217 385 66 -217 415 56 -206 
23 344 49 -204 331 56 -214 321 48 -215 329 55 -214 344 48 -204 
24 274 41 -195 275 45 -205 265 37 -205 272 44 -205 273 41 -195 
25 207 34 -180 220 34 -189 211 27 -189 218 33 -189 207 33 -180 
26 147 27 -159 169 24 -166 160 18 -167 167 23 -166 147 27 -159 
27 94 22 -133 122 15 -140 115 9 -140 121 14 -140 94 22 -133 
28 52 18 -103 82 8 -108 76 3 -108 82 7 -108 52 18 -103 
29 21 16 -71 48 4 -74 45 -2 -74 48 2 -74 21 15 -71 
30 3 16 -36 22 2 -38 21 -5 -38 23 0 -38 3 15 -36 
31 0 18 0 4 3 0 6 -4 0 7 2 0 0 18 0 
32 0 19 36 0 5 38 0 -1 38 0 4 38 0 19 36 
33 0 22 71 4 11 74 6 5 75 7 10 74 0 22 71 
34 3 27 104 22 19 108 21 14 108 24 18 108 3 27 104 
35 21 33 133 49 29 140 45 23 140 49 28 140 21 33 133 
36 52 41 159 82 41 167 77 34 167 82 40 167 52 41 159 
37 95 49 180 123 53 189 116 46 189 122 52 189 95 50 180 
38 147 58 195 170 66 205 161 58 205 168 65 205 147 58 195 
39 208 66 205 221 78 214 211 69 215 219 77 214 208 67 204 
40 274 74 207 276 90 217 265 79 217 273 88 217 274 75 207 
41 344 80 201 333 100 211 322 87 212 330 98 211 345 81 201 
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42 416 85 188 390 107 198 379 91 198 386 104 198 417 86 188 
43 487 88 168 446 111 176 435 91 176 442 107 176 487 88 167 
44 554 87 138 498 110 146 488 85 146 494 106 146 555 88 139 
45 616 83 102 546 105 107 537 73 107 542 100 107 616 83 101 
46 669 75 57 587 94 60 579 54 60 583 88 60 669 75 57 
47 710 62 4 620 78 5 613 25 5 615 70 5 711 63 4 
48 738 45 -55 642 55 -58 637 -13 -57 638 46 -58 738 45 -55 
49 749 21 -121 653 26 -127 650 -64 -126 649 14 -127 750 21 -121 
50 742 -9 -192 650 -9 -202 649 -127 -201 647 -23 -202 743 -10 -192 
51 714 -47 -269 633 -47 -282 633 -206 -280 630 -64 -282 714 -47 -268 
52 661 -93 -348 600 -85 -366 601 -299 -366 598 -107 -366 662 -94 -348 
53 582 -146 -404 551 -116 -423 551 -400 -422 549 -144 -425 583 -147 -404 
54 477 -204 -382 486 -127 -400 484 -483 -361 485 -159 -404 478 -204 -382 
55 361 -260 -294 416 -94 -313 409 -534 -246 415 -131 -317 363 -258 -294 
56 263 -276 -124 356 5 -121 343 -487 33 354 -29 -122 264 -270 -124 
57 208 340 -56 320 125 -71 304 406 -187 319 124 -70 208 341 -56 
58 200 424 92 309 267 91 295 698 113 309 303 92 199 424 92 
59 238 406 84 322 377 84 312 710 89 323 407 84 237 405 84 
60 288 388 66 344 437 67 339 690 69 346 461 67 287 387 67 
61 327 375 46 362 469 47 360 670 48 364 488 47 326 375 46 
62 354 368 24 376 484 24 375 658 24 378 501 24 354 368 23 
63 370 364  384 488  384 653  386 505  370 364  

 
 

Load Case BA2 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Mod
ule # P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 
146.0

0 
122.0

0 
-

56.30 
116.0

0 
147.0

0 
-

57.70 
116.0

0 
313.0

0 
-

59.40 
116.0

0 
162.0

0 
-

57.70 
146.0

0 
122.0

0 
-

56.30 

2 
131.0

0 
128.0

0 
-

82.00 
105.0

0 
115.0

0 
-

83.70 
104.0

0 
324.0

0 
-

86.40 
105.0

0 
133.0

0 
-

83.70 
131.0

0 
128.0

0 
-

82.10 

3 
107.0

0 
137.0

0 

-
106.0

0 85.60 58.90 

-
106.0

0 85.40 
333.0

0 

-
111.0

0 85.50 80.10 

-
106.0

0 
107.0

0 
136.0

0 

-
106.0

0 

4 74.70 
148.0

0 

-
133.0

0 59.60 
-

46.40 

-
114.0

0 59.50 
313.0

0 

-
136.0

0 59.60 
-

20.00 

-
114.0

0 74.80 
148.0

0 

-
133.0

0 

5 32.70 
109.0

0 
292.0

0 26.90 

-
180.0

0 96.80 27.20 
131.0

0 
213.0

0 27.00 

-
177.0

0 96.40 32.80 
106.0

0 
291.0

0 

6 8.75 

-
556.0

0 -3.73 8.10 

-
261.0

0 
146.0

0 8.62 

-
770.0

0 68.70 8.22 

-
296.0

0 
146.0

0 8.78 

-
562.0

0 -3.68 

7 32.30 

-
513.0

0 
169.0

0 26.70 

-
339.0

0 
286.0

0 27.20 

-
745.0

0 
229.0

0 26.80 

-
369.0

0 
286.0

0 32.30 

-
515.0

0 
169.0

0 

8 77.10 

-
436.0

0 
295.0

0 62.80 

-
351.0

0 
390.0

0 63.30 

-
650.0

0 
347.0

0 62.90 

-
372.0

0 
390.0

0 77.00 

-
437.0

0 
295.0

0 

9 
154.0

0 

-
356.0

0 
388.0

0 
124.0

0 

-
326.0

0 
446.0

0 
125.0

0 

-
542.0

0 
424.0

0 
124.0

0 

-
341.0

0 
447.0

0 
154.0

0 

-
356.0

0 
388.0

0 

10 
252.0

0 

-
287.0

0 
417.0

0 
202.0

0 

-
284.0

0 
434.0

0 
202.0

0 

-
442.0

0 
439.0

0 
202.0

0 

-
296.0

0 
435.0

0 
252.0

0 

-
286.0

0 
417.0

0 

11 
355.0

0 

-
232.0

0 
340.0

0 
284.0

0 

-
243.0

0 
357.0

0 
283.0

0 

-
357.0

0 
356.0

0 
284.0

0 

-
252.0

0 
357.0

0 
355.0

0 

-
231.0

0 
340.0

0 
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12 
441.0

0 

-
185.0

0 
266.0

0 
352.0

0 

-
203.0

0 
279.0

0 
352.0

0 

-
285.0

0 
279.0

0 
352.0

0 

-
210.0

0 
280.0

0 
441.0

0 

-
184.0

0 
266.0

0 

13 
505.0

0 

-
146.0

0 
196.0

0 
404.0

0 

-
167.0

0 
206.0

0 
403.0

0 

-
224.0

0 
206.0

0 
404.0

0 

-
172.0

0 
206.0

0 
505.0

0 

-
146.0

0 
197.0

0 

14 
549.0

0 

-
116.0

0 
132.0

0 
439.0

0 

-
134.0

0 
139.0

0 
438.0

0 

-
176.0

0 
138.0

0 
439.0

0 

-
139.0

0 
139.0

0 
549.0

0 

-
116.0

0 
132.0

0 

15 
574.0

0 
-

91.30 73.10 
459.0

0 

-
107.0

0 76.70 
458.0

0 

-
138.0

0 76.40 
459.0

0 

-
111.0

0 76.70 
574.0

0 
-

91.30 73.10 

16 
581.0

0 
-

72.60 20.40 
465.0

0 
-

86.20 21.30 
465.0

0 

-
109.0

0 21.10 
465.0

0 
-

88.80 21.40 
581.0

0 
-

72.60 20.40 

17 
573.0

0 
-

58.30 
-

25.60 
459.0

0 
-

70.20 
-

26.90 
458.0

0 
-

87.30 
-

27.10 
459.0

0 
-

72.30 
-

26.90 
573.0

0 
-

58.40 
-

25.50 

18 
552.0

0 
-

48.20 
-

64.40 
442.0

0 
-

59.00 
-

67.70 
441.0

0 
-

72.20 
-

67.80 
442.0

0 
-

60.80 
-

67.70 
552.0

0 
-

48.30 
-

64.30 

19 
520.0

0 
-

41.40 
-

96.20 
416.0

0 
-

52.30 

-
101.0

0 
416.0

0 
-

62.60 

-
101.0

0 
416.0

0 
-

53.80 

-
101.0

0 
520.0

0 
-

41.70 
-

95.90 

20 
478.0

0 
-

37.60 

-
120.0

0 
383.0

0 
-

49.30 

-
126.0

0 
382.0

0 
-

57.70 

-
126.0

0 
383.0

0 
-

50.60 

-
126.0

0 
478.0

0 
-

37.90 

-
120.0

0 

21 
430.0

0 
-

36.00 

-
137.0

0 
344.0

0 
-

49.40 

-
144.0

0 
344.0

0 
-

56.30 

-
144.0

0 
344.0

0 
-

50.50 

-
144.0

0 
430.0

0 
-

36.40 

-
137.0

0 

22 
376.0

0 
-

36.30 

-
147.0

0 
301.0

0 
-

51.80 

-
154.0

0 
301.0

0 
-

57.70 

-
154.0

0 
301.0

0 
-

52.80 

-
154.0

0 
376.0

0 
-

36.70 

-
147.0

0 

23 
321.0

0 
-

37.80 

-
150.0

0 
257.0

0 
-

55.90 

-
157.0

0 
257.0

0 
-

61.10 

-
157.0

0 
257.0

0 
-

56.80 

-
157.0

0 
321.0

0 
-

38.30 

-
150.0

0 

24 
264.0

0 
-

40.20 

-
146.0

0 
212.0

0 
-

61.00 

-
153.0

0 
212.0

0 
-

65.80 

-
154.0

0 
212.0

0 
-

61.90 

-
153.0

0 
264.0

0 
-

40.70 

-
146.0

0 

25 
210.0

0 
-

43.10 

-
137.0

0 
168.0

0 
-

66.50 

-
144.0

0 
168.0

0 
-

71.00 

-
144.0

0 
168.0

0 
-

67.40 

-
144.0

0 
210.0

0 
-

43.50 

-
137.0

0 

26 
158.0

0 
-

45.80 

-
122.0

0 
127.0

0 
-

71.90 

-
129.0

0 
127.0

0 
-

76.20 

-
128.0

0 
127.0

0 
-

72.80 

-
128.0

0 
158.0

0 
-

46.20 

-
122.0

0 

27 
112.0

0 
-

48.30 

-
104.0

0 89.90 
-

76.70 

-
108.0

0 90.00 
-

80.90 

-
108.0

0 89.90 
-

77.60 

-
108.0

0 
112.0

0 
-

48.70 

-
104.0

0 

28 72.00 
-

50.30 
-

80.90 57.90 
-

80.40 
-

84.90 58.00 
-

84.60 
-

85.10 57.90 
-

81.40 
-

84.90 72.00 
-

50.70 
-

80.90 

29 39.60 
-

51.50 
-

55.50 32.00 
-

82.90 
-

58.20 32.20 
-

87.10 
-

58.20 32.00 
-

83.80 
-

58.20 39.60 
-

51.80 
-

55.50 

30 15.80 
-

51.80 
-

27.50 13.00 
-

83.90 
-

29.50 13.10 
-

88.10 
-

29.50 13.00 
-

84.90 
-

29.50 15.80 
-

52.00 
-

27.60 

31 1.17 
-

49.20 0.20 1.21 
-

80.40 0.17 1.35 
-

84.60 0.18 1.24 
-

81.40 0.17 1.17 
-

49.30 0.20 

32 0.00 
-

49.30 27.80 0.00 
-

80.90 29.80 0.00 
-

85.20 29.90 0.00 
-

81.90 29.90 0.00 
-

49.30 27.80 

33 1.23 
-

46.70 55.80 1.27 
-

77.00 58.50 1.42 
-

81.40 58.70 1.31 
-

78.00 58.60 1.23 
-

46.70 55.80 

34 16.00 
-

43.40 81.20 13.10 
-

71.80 85.30 13.20 
-

76.40 85.40 13.10 
-

72.80 85.30 16.00 
-

43.30 81.20 

35 39.90 
-

39.50 
104.0

0 32.20 
-

65.60 
109.0

0 32.30 
-

70.40 
109.0

0 32.20 
-

66.70 
109.0

0 39.90 
-

39.30 
104.0

0 

36 72.30 
-

35.30 
123.0

0 58.20 
-

58.80 
129.0

0 58.30 
-

63.80 
129.0

0 58.20 
-

59.90 
129.0

0 72.30 
-

35.00 
122.0

0 

37 
112.0

0 
-

31.10 
137.0

0 90.20 
-

51.90 
144.0

0 90.30 
-

57.20 
144.0

0 90.20 
-

53.00 
144.0

0 
112.0

0 
-

30.80 
137.0

0 

38 
159.0

0 
-

27.50 
146.0

0 
127.0

0 
-

45.40 
154.0

0 
127.0

0 
-

51.10 
154.0

0 
127.0

0 
-

46.50 
154.0

0 
159.0

0 
-

27.00 
147.0

0 

39 
210.0

0 
-

24.60 
150.0

0 
168.0

0 
-

39.80 
157.0

0 
169.0

0 
-

46.20 
157.0

0 
168.0

0 
-

41.10 
157.0

0 
210.0

0 
-

24.20 
150.0

0 
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40 
265.0

0 
-

23.00 
147.0

0 
212.0

0 
-

35.90 
154.0

0 
212.0

0 
-

43.30 
154.0

0 
212.0

0 
-

37.30 
154.0

0 
265.0

0 
-

22.60 
147.0

0 

41 
321.0

0 
-

23.40 
137.0

0 
257.0

0 
-

34.40 
144.0

0 
257.0

0 
-

43.20 
144.0

0 
257.0

0 
-

36.00 
144.0

0 
321.0

0 
-

23.00 
137.0

0 

42 
377.0

0 
-

26.00 
121.0

0 
302.0

0 
-

36.10 
127.0

0 
302.0

0 
-

46.60 
126.0

0 
302.0

0 
-

37.80 
127.0

0 
377.0

0 
-

25.60 
120.0

0 

43 
430.0

0 
-

31.50 96.60 
344.0

0 
-

41.50 
101.0

0 
344.0

0 
-

54.40 
101.0

0 
344.0

0 
-

43.50 
101.0

0 
430.0

0 
-

31.20 96.30 

44 
479.0

0 
-

40.50 64.80 
383.0

0 
-

51.40 68.20 
383.0

0 
-

67.70 68.40 
383.0

0 
-

53.80 68.20 
479.0

0 
-

40.20 64.80 

45 
521.0

0 
-

53.40 26.00 
416.0

0 
-

66.40 27.30 
416.0

0 
-

87.40 27.60 
416.0

0 
-

69.20 27.30 
521.0

0 
-

53.20 25.90 

46 
553.0

0 
-

70.90 
-

20.00 
442.0

0 
-

87.00 
-

20.90 
442.0

0 

-
115.0

0 
-

20.60 
442.0

0 
-

90.50 
-

20.90 
553.0

0 
-

70.70 
-

20.00 

47 
574.0

0 
-

93.50 
-

72.70 
459.0

0 

-
113.0

0 
-

76.30 
459.0

0 

-
150.0

0 
-

75.90 
459.0

0 

-
118.0

0 
-

76.30 
574.0

0 
-

93.30 
-

72.70 

48 
582.0

0 

-
122.0

0 

-
131.0

0 
465.0

0 

-
146.0

0 

-
138.0

0 
465.0

0 

-
195.0

0 

-
138.0

0 
465.0

0 

-
152.0

0 

-
138.0

0 
582.0

0 

-
122.0

0 

-
132.0

0 

49 
574.0

0 

-
157.0

0 

-
196.0

0 
459.0

0 

-
185.0

0 

-
206.0

0 
459.0

0 

-
252.0

0 

-
206.0

0 
459.0

0 

-
192.0

0 

-
206.0

0 
574.0

0 

-
158.0

0 

-
196.0

0 

50 
550.0

0 

-
201.0

0 

-
266.0

0 
439.0

0 

-
228.0

0 

-
279.0

0 
439.0

0 

-
321.0

0 

-
279.0

0 
439.0

0 

-
236.0

0 

-
279.0

0 
550.0

0 

-
201.0

0 

-
266.0

0 

51 
506.0

0 

-
253.0

0 

-
339.0

0 
404.0

0 

-
274.0

0 

-
357.0

0 
404.0

0 

-
403.0

0 

-
356.0

0 
404.0

0 

-
285.0

0 

-
357.0

0 
506.0

0 

-
254.0

0 

-
339.0

0 

52 
442.0

0 

-
315.0

0 

-
416.0

0 
353.0

0 

-
320.0

0 

-
435.0

0 
353.0

0 

-
499.0

0 

-
438.0

0 
353.0

0 

-
335.0

0 

-
435.0

0 
442.0

0 

-
316.0

0 

-
416.0

0 

53 
356.0

0 

-
371.0

0 

-
393.0

0 
284.0

0 

-
360.0

0 

-
448.0

0 
284.0

0 

-
591.0

0 

-
425.0

0 
284.0

0 

-
379.0

0 

-
448.0

0 
356.0

0 

-
371.0

0 

-
393.0

0 

54 
253.0

0 

-
418.0

0 

-
302.0

0 
203.0

0 

-
376.0

0 

-
393.0

0 
203.0

0 

-
673.0

0 

-
350.0

0 
203.0

0 

-
400.0

0 

-
393.0

0 
253.0

0 

-
418.0

0 

-
301.0

0 

55 
155.0

0 

-
451.0

0 

-
175.0

0 
125.0

0 

-
353.0

0 

-
289.0

0 
125.0

0 

-
731.0

0 

-
233.0

0 
125.0

0 

-
383.0

0 

-
289.0

0 
155.0

0 

-
449.0

0 

-
175.0

0 

56 76.70 

-
436.0

0 -0.20 62.60 

-
267.0

0 

-
147.0

0 63.20 

-
716.0

0 
-

70.60 62.70 

-
299.0

0 

-
147.0

0 76.70 

-
431.0

0 0.30 

57 31.40 
-

57.50 

-
286.0

0 26.20 

-
167.0

0 
-

93.00 26.80 71.00 

-
206.0

0 26.30 

-
171.0

0 
-

93.20 31.50 
-

57.50 

-
286.0

0 

58 8.82 
129.0

0 
133.0

0 8.12 
-

30.20 
114.0

0 8.64 
341.0

0 
135.0

0 8.23 -0.80 
115.0

0 8.77 
129.0

0 
133.0

0 

59 33.30 
124.0

0 
105.0

0 27.20 73.00 
106.0

0 27.50 
356.0

0 
110.0

0 27.30 97.30 
106.0

0 33.30 
124.0

0 
105.0

0 

60 75.10 
121.0

0 81.60 59.90 
126.0

0 83.80 59.70 
341.0

0 85.70 59.80 
146.0

0 83.90 75.10 
120.0

0 81.70 

61 
108.0

0 
119.0

0 55.80 85.70 
154.0

0 57.70 85.50 
324.0

0 58.80 85.70 
171.0

0 57.80 
108.0

0 
118.0

0 55.90 

62 
131.0

0 
118.0

0 28.30 
105.0

0 
167.0

0 29.40 
105.0

0 
313.0

0 29.80 
105.0

0 
182.0

0 29.40 
131.0

0 
118.0

0 28.40 

63 
146.0

0 
118.0

0 -0.12 
116.0

0 
170.0

0 0.03 
116.0

0 
307.0

0 -0.18 
116.0

0 
183.0

0 0.03 
146.0

0 
118.0

0 -0.08 

 
 

Load Case BA3 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Module 
# P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 249.00 129.00 -70.20 199.00 168.00 -72.70 199.00 295.00 -74.00 199.00 179.00 -72.70 249.00 129.00 -70.20 



 19 

2 231.00 131.00 
-

103.00 185.00 140.00 
-

106.00 185.00 300.00 
-

108.00 185.00 154.00 
-

106.00 231.00 131.00 
-

103.00 

3 202.00 133.00 
-

133.00 162.00 92.80 
-

136.00 162.00 302.00 
-

139.00 162.00 109.00 
-

136.00 202.00 133.00 
-

133.00 

4 163.00 138.00 
-

164.00 130.00 7.83 
-

154.00 130.00 280.00 
-

170.00 130.00 28.10 
-

154.00 163.00 137.00 
-

164.00 

5 113.00 102.00 123.00 91.00 -99.90 -16.50 91.20 135.00 66.80 91.10 -97.70 -16.70 113.00 100.00 123.00 

6 71.80 
-

400.00 
-

107.00 58.70 
-

170.00 12.80 59.20 
-

553.00 -50.60 58.80 
-

196.00 12.90 71.90 
-

405.00 
-

107.00 

7 61.40 
-

372.00 36.90 49.90 
-

236.00 125.00 50.30 
-

541.00 81.20 50.00 
-

258.00 125.00 61.40 
-

374.00 36.50 

8 67.40 
-

319.00 141.00 54.80 
-

251.00 205.00 55.30 
-

477.00 175.00 54.90 
-

267.00 206.00 67.40 
-

319.00 141.00 

9 99.00 
-

264.00 210.00 79.80 
-

240.00 243.00 80.10 
-

403.00 228.00 79.90 
-

251.00 243.00 99.00 
-

264.00 210.00 

10 145.00 
-

218.00 219.00 116.00 
-

216.00 228.00 116.00 
-

336.00 231.00 116.00 
-

225.00 229.00 145.00 
-

217.00 219.00 

11 192.00 
-

181.00 164.00 154.00 
-

193.00 172.00 153.00 
-

279.00 172.00 154.00 
-

200.00 173.00 192.00 
-

181.00 164.00 

12 227.00 
-

150.00 114.00 181.00 
-

169.00 120.00 181.00 
-

230.00 119.00 181.00 
-

175.00 120.00 227.00 
-

150.00 114.00 

13 246.00 
-

125.00 69.80 196.00 
-

147.00 73.40 196.00 
-

190.00 73.00 196.00 
-

151.00 73.40 246.00 
-

125.00 69.80 

14 251.00 
-

104.00 31.70 201.00 
-

126.00 33.30 200.00 
-

157.00 33.00 200.00 
-

129.00 33.20 251.00 
-

104.00 31.60 

15 244.00 -86.70 0.13 195.00 
-

109.00 0.11 195.00 
-

131.00 -0.13 195.00 
-

111.00 0.10 244.00 -86.90 0.14 

16 228.00 -72.60 -24.50 182.00 -92.60 -25.70 182.00 
-

109.00 -25.90 182.00 -94.30 -25.70 228.00 -72.70 -24.40 

17 204.00 -60.30 -41.80 163.00 -78.50 -44.00 163.00 -90.00 -44.20 163.00 -79.80 -44.00 204.00 -60.50 -41.80 

18 175.00 -49.60 -51.90 140.00 -65.80 -54.60 140.00 -74.00 -54.70 140.00 -66.80 -54.60 175.00 -49.70 -51.90 

19 142.00 -39.80 -54.90 113.00 -53.80 -57.70 113.00 -59.50 -57.80 113.00 -54.50 -57.70 142.00 -40.00 -54.80 

20 107.00 -30.60 -50.80 86.00 -41.90 -53.50 86.00 -45.70 -53.70 86.00 -42.30 -53.50 107.00 -30.70 -50.80 

21 74.10 -21.50 -40.20 59.40 -29.40 -42.30 59.50 -31.80 -42.40 59.50 -29.70 -42.30 74.10 -21.60 -40.20 

22 43.80 -12.10 -23.30 35.20 -15.90 -24.60 35.30 -17.00 -24.70 35.30 -16.00 -24.60 43.80 -12.10 -23.30 

23 18.50 -0.89 -1.27 15.00 -1.06 -0.98 15.10 -1.14 -0.99 15.00 -1.06 -0.99 18.50 -0.93 -1.26 

24 0.00 -9.06 21.60 0.00 -11.60 22.80 0.00 -12.80 23.00 0.00 -11.80 22.90 0.00 -9.09 21.60 

25 18.00 -17.00 38.70 14.60 -23.50 40.80 14.70 -26.30 40.90 14.60 -23.90 40.80 18.00 -17.00 38.70 

26 42.90 -24.90 49.60 34.50 -34.90 52.20 34.60 -39.70 52.30 34.50 -35.60 52.30 42.90 -24.80 49.60 

27 72.80 -33.50 53.90 58.40 -46.50 56.70 58.40 -53.70 56.90 58.40 -47.50 56.70 72.80 -33.30 53.90 

28 106.00 -43.20 51.20 84.70 -58.90 53.90 84.70 -69.00 54.10 84.70 -60.20 54.00 106.00 -43.00 51.20 

29 140.00 -54.40 41.30 112.00 -72.60 43.50 112.00 -86.70 43.80 112.00 -74.40 43.50 140.00 -54.20 41.40 

30 173.00 -67.70 24.20 138.00 -88.40 25.50 138.00 
-

108.00 25.90 138.00 -90.80 25.60 173.00 -67.50 24.20 

31 202.00 -83.60 -0.01 162.00 
-

106.00 0.03 161.00 
-

133.00 0.39 162.00 
-

109.00 0.05 202.00 -83.40 -0.01 

32 226.00 
-

103.00 -31.20 181.00 
-

128.00 -32.80 181.00 
-

164.00 -32.40 181.00 
-

131.00 -32.80 226.00 
-

103.00 -31.30 

33 242.00 
-

126.00 -69.10 194.00 
-

152.00 -72.70 194.00 
-

201.00 -72.10 194.00 
-

157.00 -72.80 242.00 
-

126.00 -69.10 

34 249.00 
-

154.00 
-

113.00 199.00 
-

178.00 
-

119.00 199.00 
-

247.00 
-

118.00 199.00 
-

185.00 
-

119.00 249.00 
-

154.00 
-

113.00 

35 244.00 
-

189.00 
-

163.00 195.00 
-

206.00 
-

171.00 194.00 
-

303.00 
-

170.00 195.00 
-

215.00 
-

171.00 244.00 
-

189.00 
-

163.00 

36 225.00 
-

230.00 
-

217.00 180.00 
-

233.00 
-

227.00 180.00 
-

367.00 
-

229.00 180.00 
-

245.00 
-

228.00 225.00 
-

230.00 
-

217.00 

37 191.00 
-

269.00 
-

213.00 153.00 
-

255.00 
-

242.00 152.00 
-

430.00 
-

227.00 152.00 
-

270.00 
-

243.00 191.00 
-

269.00 
-

213.00 

38 144.00 
-

299.00 
-

145.00 115.00 
-

261.00 
-

206.00 115.00 
-

485.00 
-

175.00 115.00 
-

279.00 
-

206.00 144.00 
-

299.00 
-

145.00 

39 97.90 
-

317.00 -40.50 79.00 
-

236.00 
-

126.00 79.30 
-

521.00 -82.40 79.10 
-

259.00 
-

126.00 98.00 
-

315.00 -40.00 

40 66.10 
-

296.00 105.00 53.90 
-

164.00 -12.30 54.40 
-

499.00 49.80 54.00 
-

188.00 -12.60 66.10 
-

293.00 105.00 
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41 60.10 -12.20 
-

117.00 49.00 -80.50 20.30 49.50 101.00 -60.00 49.10 -83.00 20.20 60.20 -12.00 
-

118.00 

42 71.50 128.00 165.00 58.40 27.20 155.00 58.90 308.00 169.00 58.50 49.70 155.00 71.50 128.00 164.00 

43 113.00 128.00 133.00 91.10 109.00 136.00 91.20 324.00 139.00 91.10 128.00 136.00 113.00 128.00 133.00 

44 163.00 129.00 103.00 130.00 153.00 106.00 130.00 317.00 108.00 130.00 168.00 106.00 163.00 128.00 103.00 

45 203.00 129.00 70.20 162.00 176.00 72.90 162.00 306.00 73.80 162.00 189.00 73.00 203.00 129.00 70.20 

46 231.00 129.00 35.70 185.00 187.00 37.10 185.00 299.00 37.50 185.00 199.00 37.20 231.00 129.00 35.70 

47 249.00 129.00 0.11 199.00 189.00 0.21 199.00 294.00 0.05 199.00 200.00 0.22 249.00 129.00 0.12 

 
 

Load Case BA4 
 End 1   Middle 

1 
  Center Saddles  Middle 

2 
  End 2   

Module 
# 

P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 275.00 150.00 -70.70 220.00 205.00 -73.60 220.00 292.00 -74.40 220.00 213.00 -73.60 275.00 150.00 -70.70 

2 258.00 150.00 -103.00 206.00 184.00 -107.00 206.00 292.00 -109.00 206.00 193.00 -107.00 258.00 149.00 -103.00 

3 229.00 149.00 -133.00 183.00 149.00 -137.00 183.00 290.00 -139.00 183.00 160.00 -137.00 229.00 148.00 -133.00 

4 189.00 149.00 -162.00 151.00 88.10 -158.00 151.00 272.00 -169.00 151.00 102.00 -158.00 189.00 148.00 -162.00 

5 140.00 122.00 22.30 112.00 11.90 -73.70 112.00 171.00 -18.30 112.00 13.90 -73.80 140.00 120.00 22.00 

6 93.00 -214.00 -137.00 75.20 -39.50 -59.20 75.50 -292.00 -102.00 75.30 -56.50 -59.20 93.00 -217.00 -136.00 

7 64.90 -198.00 -42.20 52.30 -87.00 13.50 52.60 -288.00 -16.20 52.40 -101.00 13.70 64.80 -199.00 -42.40 

8 46.10 -165.00 27.20 37.50 -101.00 66.30 37.80 -249.00 45.70 37.50 -111.00 66.60 46.10 -165.00 27.00 

9 43.70 -130.00 74.20 35.30 -96.50 92.90 35.50 -202.00 83.30 35.30 -104.00 93.10 43.60 -130.00 74.10 

10 50.40 -101.00 84.90 40.40 -83.10 87.90 40.50 -158.00 89.70 40.40 -88.50 88.10 50.40 -101.00 84.90 

11 58.50 -77.10 55.00 46.70 -68.60 58.00 46.60 -120.00 57.50 46.70 -72.40 58.10 58.50 -77.00 55.00 

12 59.40 -55.90 31.40 47.30 -52.60 33.20 47.20 -86.20 32.70 47.20 -55.00 33.20 59.40 -55.90 31.40 

13 51.90 -37.30 14.20 41.30 -35.70 15.00 41.20 -55.90 14.60 41.30 -37.20 15.00 51.90 -37.30 14.30 

14 38.10 -20.00 3.69 30.40 -18.50 3.93 30.30 -28.00 3.62 30.40 -19.20 3.92 38.10 -20.00 3.69 

15 20.10 -1.62 0.02 16.00 -1.07 -0.02 16.00 -1.97 0.04 16.00 -1.13 -0.02 20.10 -1.64 0.02 

16 0.00 -17.20 -3.39 0.00 -16.60 -3.65 0.00 -24.70 -3.29 0.00 -17.30 -3.64 0.00 -17.30 -3.40 

17 20.20 -35.30 -13.70 16.10 -34.10 -14.50 16.00 -54.90 -14.00 16.10 -35.90 -14.50 20.20 -35.30 -13.70 

18 38.30 -54.70 -30.60 30.50 -52.10 -32.40 30.40 -88.40 -31.70 30.50 -55.10 -32.40 38.30 -54.70 -30.60 

19 52.20 -77.20 -53.90 41.60 -69.70 -57.00 41.50 -126.00 -56.20 41.60 -74.30 -57.00 52.20 -77.20 -53.90 

20 59.90 -103.00 -83.30 47.70 -85.90 -86.80 47.60 -169.00 -88.20 47.70 -92.50 -87.00 60.00 -104.00 -83.30 

21 59.40 -127.00 -76.10 47.40 -98.00 -92.50 47.30 -209.00 -82.40 47.40 -107.00 -92.70 59.40 -127.00 -76.10 

22 51.60 -145.00 -29.80 41.40 -98.30 -66.70 41.50 -243.00 -46.00 41.40 -110.00 -66.90 51.60 -145.00 -29.70 

23 44.90 -154.00 39.60 36.30 -78.70 -14.20 36.50 -264.00 15.20 36.40 -92.90 -14.40 44.90 -153.00 39.70 

24 47.20 -138.00 134.00 38.40 -27.10 59.20 38.80 -247.00 101.00 38.50 -42.00 59.00 47.30 -135.00 135.00 

25 65.90 50.70 -18.50 53.30 32.50 75.60 53.60 156.00 22.30 53.30 31.40 75.60 65.90 51.00 -18.50 

26 94.70 147.00 161.00 76.50 107.00 158.00 76.80 297.00 167.00 76.50 123.00 158.00 94.60 147.00 161.00 

27 141.00 149.00 132.00 113.00 165.00 136.00 113.00 310.00 138.00 113.00 178.00 136.00 141.00 149.00 132.00 

28 191.00 151.00 102.00 152.00 196.00 106.00 152.00 307.00 107.00 152.00 207.00 106.00 191.00 151.00 102.00 

29 230.00 152.00 69.60 184.00 213.00 72.50 183.00 302.00 73.10 184.00 222.00 72.60 230.00 152.00 69.60 

30 258.00 153.00 35.00 206.00 221.00 36.60 206.00 298.00 36.80 206.00 229.00 36.60 258.00 152.00 35.10 

31 276.00 152.00 -0.40 220.00 222.00 -0.40 220.00 294.00 -0.53 220.00 230.00 -0.40 276.00 152.00 -0.43 
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Load Case BA6 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Module # P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 12 -52 1 9 -91 1 9 -69 1 9 -89 1 12 -52 1 

2 9 -49 3 7 -85 3 7 -62 2 7 -84 2 9 -49 3 

3 4 -45 12 3 -76 5 3 -53 9 3 -75 7 4 -45 12 

4 0 -37 77 0 -59 96 0 -40 84 0 -49 90 0 -37 77 

5 0 -27 56 1 -35 60 1 -22 60 1 -34 60 0 -27 56 

6 11 -9 24 9 -17 27 9 -13 26 9 -17 27 11 -9 24 

7 10 -1 0 8 -1 0 8 -1 0 8 -1 0 10 -1 0 

8 0 -11 1 0 -17 1 0 -15 1 0 -17 1 0 -11 1 

9 11 -36 -27 8 -38 -28 8 -29 -28 8 -39 -28 11 -36 -27 

10 11 -46 -57 9 -65 -61 9 -50 -61 9 -63 -62 11 -46 -57 

11 0 -47 -78 0 -77 -98 0 -54 -85 0 -73 -92 0 -47 -78 

12 0 -50 -10 0 -85 -2 0 -62 -8 0 -84 -5 0 -50 -10 

13 4 -52 -3 3 -91 -2 4 -69 -2 3 -89 -2 4 -52 -3 

14 9 -54 -1 7 -94 -1 7 -73 -1 7 -92 -1 9 -54 -1 

15 12 -55 -1 9 -95 -1 9 -74 -1 9 -94 -1 12 -55 -1 

 
 

Load Case BA7 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Module 
# P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 310.00 175.00 -69.70 248.00 235.00 -72.60 248.00 319.00 -73.70 248.00 242.00 -72.60 310.00 176.00 -69.80 

2 293.00 175.00 
-

102.00 234.00 218.00 
-

106.00 234.00 316.00 
-

108.00 234.00 226.00 
-

106.00 293.00 176.00 
-

102.00 

3 264.00 175.00 
-

131.00 211.00 192.00 
-

136.00 211.00 310.00 
-

138.00 211.00 201.00 
-

136.00 264.00 175.00 
-

131.00 

4 225.00 171.00 
-

159.00 180.00 152.00 
-

159.00 180.00 294.00 
-

167.00 180.00 163.00 
-

159.00 225.00 172.00 
-

159.00 

5 176.00 142.00 -83.40 141.00 108.00 
-

131.00 141.00 233.00 
-

105.00 141.00 112.00 
-

131.00 176.00 144.00 -83.60 

6 125.00 -45.50 
-

175.00 100.00 72.40 
-

131.00 100.00 -20.90 
-

159.00 100.00 67.50 
-

131.00 125.00 -41.10 
-

175.00 

7 77.80 -34.00 
-

130.00 62.50 36.90 -85.90 62.60 -21.10 
-

114.00 62.50 35.70 -86.10 77.80 -26.80 
-

130.00 

8 35.10 -10.30 
-

121.00 28.50 5.85 15.10 28.70 0.57 -48.30 28.50 9.77 16.00 35.10 -2.85 
-

121.00 

9 0.00 10.00 165.00 0.00 22.90 83.00 0.00 2.41 123.00 0.00 21.80 82.80 0.00 9.58 165.00 

10 0.00 18.40 216.00 0.00 72.40 156.00 0.00 24.80 191.00 0.00 69.60 156.00 0.00 18.00 216.00 

11 20.40 136.00 133.00 17.10 122.00 156.00 17.50 238.00 142.00 17.20 124.00 156.00 20.40 135.00 133.00 

12 67.30 186.00 157.00 54.30 165.00 160.00 54.50 311.00 166.00 54.30 176.00 160.00 67.30 186.00 157.00 

13 123.00 188.00 131.00 98.40 203.00 136.00 98.40 324.00 138.00 98.40 213.00 136.00 123.00 188.00 131.00 

14 177.00 185.00 102.00 141.00 227.00 106.00 141.00 327.00 107.00 141.00 235.00 106.00 177.00 185.00 102.00 

15 90.00 183.00 69.70 0.00 241.00 72.50 0.00 326.00 73.30 0.00 249.00 72.50 0.00 183.00 69.70 

 
 

Load Case BA8 
 End 1 Middle 1 Center Saddles Middle 2 End 2 

Module 
# P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt P1 P2 Pt 

1 13.20 
-

60.60 -0.29 10.60 
-

102.00 -0.10 10.60 
-

73.00 -0.47 10.60 
-

101.00 -0.18 13.20 
-

60.40 -0.37 
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2 10.10 
-

56.60 -0.01 8.11 -98.10 -0.74 8.12 
-

66.70 -1.44 8.11 -97.20 -0.96 10.10 
-

56.30 -0.11 

3 4.85 
-

50.20 3.62 3.96 -91.50 -8.56 4.02 
-

56.40 -1.05 3.98 -90.10 -5.18 4.85 
-

49.90 3.46 

4 0.00 
-

41.20 88.00 0.00 -73.40 113.00 0.00 
-

46.10 96.00 0.00 -64.50 106.00 0.00 
-

40.80 87.60 

5 0.00 
-

34.30 71.90 0.00 -48.90 77.60 0.00 
-

31.00 78.20 0.00 -48.50 77.90 0.00 
-

33.80 71.60 

6 13.60 
-

24.70 36.90 10.60 -31.10 44.50 10.60 
-

31.70 41.30 10.60 -31.50 44.40 13.50 
-

23.60 36.70 

7 17.20 
-

13.70 18.30 13.50 -15.40 21.90 13.40 
-

16.30 20.30 13.50 -15.60 21.80 17.20 
-

12.20 18.00 

8 12.20 -1.07 1.11 9.54 -0.81 0.73 9.44 -0.80 0.75 9.51 -0.65 0.74 12.20 0.08 0.55 

9 0.00 
-

11.60 
-

12.30 0.00 -16.00 -18.50 0.00 
-

15.70 -15.60 0.00 -16.30 -18.50 0.00 
-

12.00 
-

12.30 

10 0.00 
-

24.80 
-

45.50 0.00 -33.80 -47.50 0.00 
-

33.50 -47.50 0.00 -34.30 -47.70 0.00 
-

25.30 
-

45.60 

11 12.80 
-

43.70 
-

76.40 10.00 -55.70 -83.10 9.93 
-

39.90 -82.90 10.00 -55.40 -83.60 12.80 
-

43.60 
-

76.50 

12 18.30 
-

49.90 
-

91.80 14.40 -83.70 
-

120.00 14.20 
-

57.10 
-

101.00 14.30 -75.70 
-

112.00 18.30 
-

49.80 
-

91.80 

13 13.10 
-

49.70 2.99 10.40 -90.80 17.70 10.30 
-

53.70 8.71 10.40 -89.70 13.80 13.10 
-

49.50 2.93 

14  
-

56.10 1.72  -97.60 2.12  
-

65.70 3.05  -96.80 2.40  
-

55.90 1.65 
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Appendix 2 
Inner Radius Bearing Stress 

 
 

Load Case BA1 
Front Plate Bearing Stress (P1/5mm)  

Front Middle1 Center Middle 2 Back 

74.00 76.80 76.80 77.20 74.00 
70.60 75.20 75.00 75.40 70.80 
65.00 72.60 72.00 72.80 65.20 
57.20 69.00 67.80 69.00 57.40 
47.00 64.40 62.60 64.40 47.20 
39.20 62.00 59.20 61.80 39.40 
40.80 64.00 61.00 63.80 40.80 
51.80 71.00 68.60 70.80 51.80 
71.80 83.00 81.80 83.00 71.60 
95.00 97.00 96.80 97.00 94.60 
116.00 109.80 110.20 109.80 115.80 
131.80 119.60 120.00 119.60 131.80 
142.40 126.20 126.40 126.00 142.20 
148.20 129.80 129.60 129.20 148.00 
149.60 130.20 129.80 129.60 149.40 
147.40 128.20 127.40 127.40 147.20 
141.80 123.60 122.40 122.80 141.60 
133.40 117.20 115.60 116.40 133.40 
123.00 109.00 107.20 108.20 122.80 
110.60 99.40 97.40 98.60 110.60 
97.20 88.80 86.80 88.20 97.20 
83.00 77.80 75.60 77.00 83.00 
68.80 66.20 64.20 65.80 68.80 
54.80 55.00 53.00 54.40 54.60 
41.40 44.00 42.20 43.60 41.40 
29.40 33.80 32.00 33.40 29.40 
18.86 24.40 23.00 24.20 18.84 
10.36 16.36 15.26 16.30 10.34 
4.16 9.60 8.92 9.68 4.14 
0.56 4.38 4.20 4.64 0.55 
0.00 0.71 1.22 1.39 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.82 1.23 1.49 0.00 
0.59 4.46 4.24 4.74 0.59 
4.20 9.72 8.98 9.78 4.22 

10.42 16.48 15.34 16.40 10.44 
18.96 24.60 23.20 24.40 18.98 
29.40 34.00 32.20 33.60 29.40 
41.60 44.20 42.20 43.80 41.60 
54.80 55.20 53.00 54.60 54.80 
68.80 66.60 64.40 66.00 69.00 
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83.20 78.00 75.80 77.20 83.40 
97.40 89.20 87.00 88.40 97.40 
110.80 99.60 97.60 98.80 111.00 
123.20 109.20 107.40 108.40 123.20 
133.80 117.40 115.80 116.60 133.80 
142.00 124.00 122.60 123.00 142.20 
147.60 128.40 127.40 127.60 147.60 
149.80 130.60 130.00 129.80 150.00 
148.40 130.00 129.80 129.40 148.60 
142.80 126.60 126.60 126.00 142.80 
132.20 120.00 120.20 119.60 132.40 
116.40 110.20 110.20 109.80 116.60 
95.40 97.20 96.80 97.00 95.60 
72.20 83.20 81.80 83.00 72.60 
52.60 71.20 68.60 70.80 52.80 
41.60 64.00 60.80 63.80 41.60 
40.00 61.80 59.00 61.80 39.80 
47.60 64.40 62.40 64.60 47.40 
57.60 68.80 67.80 69.20 57.40 
65.40 72.40 72.00 72.80 65.20 
70.80 75.20 75.00 75.60 70.80 

 
 

Load Case BA2 
Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
29.20 23.20 23.20 23.20 29.20 
26.20 21.00 20.80 21.00 26.20 
21.40 17.12 17.08 17.10 21.40 
14.94 11.92 11.90 11.92 14.96 
6.54 5.38 5.44 5.40 6.56 
1.75 1.62 1.72 1.64 1.76 
6.46 5.34 5.44 5.36 6.46 

15.42 12.56 12.66 12.58 15.40 
30.80 24.80 25.00 24.80 30.80 
50.40 40.40 40.40 40.40 50.40 
71.00 56.80 56.60 56.80 71.00 
88.20 70.40 70.40 70.40 88.20 
101.00 80.80 80.60 80.80 101.00 
109.80 87.80 87.60 87.80 109.80 
114.80 91.80 91.60 91.80 114.80 
116.20 93.00 93.00 93.00 116.20 
114.60 91.80 91.60 91.80 114.60 
110.40 88.40 88.20 88.40 110.40 
104.00 83.20 83.20 83.20 104.00 
95.60 76.60 76.40 76.60 95.60 
86.00 68.80 68.80 68.80 86.00 
75.20 60.20 60.20 60.20 75.20 
64.20 51.40 51.40 51.40 64.20 
52.80 42.40 42.40 42.40 52.80 
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42.00 33.60 33.60 33.60 42.00 
31.60 25.40 25.40 25.40 31.60 
22.40 17.98 18.00 17.98 22.40 
14.40 11.58 11.60 11.58 14.40 
7.92 6.40 6.44 6.40 7.92 
3.16 2.60 2.62 2.60 3.16 
0.23 0.24 0.27 0.25 0.23 
0.00 0.00 0.00 0.00 0.00 
0.25 0.25 0.28 0.26 0.25 
3.20 2.62 2.64 2.62 3.20 
7.98 6.44 6.46 6.44 7.98 

14.46 11.64 11.66 11.64 14.46 
22.40 18.04 18.06 18.04 22.40 
31.80 25.40 25.40 25.40 31.80 
42.00 33.60 33.80 33.60 42.00 
53.00 42.40 42.40 42.40 53.00 
64.20 51.40 51.40 51.40 64.20 
75.40 60.40 60.40 60.40 75.40 
86.00 68.80 68.80 68.80 86.00 
95.80 76.60 76.60 76.60 95.80 
104.20 83.20 83.20 83.20 104.20 
110.60 88.40 88.40 88.40 110.60 
114.80 91.80 91.80 91.80 114.80 
116.40 93.00 93.00 93.00 116.40 
114.80 91.80 91.80 91.80 114.80 
110.00 87.80 87.80 87.80 110.00 
101.20 80.80 80.80 80.80 101.20 
88.40 70.60 70.60 70.60 88.40 
71.20 56.80 56.80 56.80 71.20 
50.60 40.60 40.60 40.60 50.60 
31.00 25.00 25.00 25.00 31.00 
15.34 12.52 12.64 12.54 15.34 
6.28 5.24 5.36 5.26 6.30 
1.76 1.62 1.73 1.65 1.75 
6.66 5.44 5.50 5.46 6.66 

15.02 11.98 11.94 11.96 15.02 
21.60 17.14 17.10 17.14 21.60 
26.20 21.00 21.00 21.00 26.20 

 
 

Load Case BA3 
Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
49.80 39.80 39.80 39.80 49.80 
46.20 37.00 37.00 37.00 46.20 
40.40 32.40 32.40 32.40 40.40 
32.60 26.00 26.00 26.00 32.60 
22.60 18.20 18.24 18.22 22.60 
14.36 11.74 11.84 11.76 14.38 
12.28 9.98 10.06 10.00 12.28 
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13.48 10.96 11.06 10.98 13.48 
19.80 15.96 16.02 15.98 19.80 
29.00 23.20 23.20 23.20 29.00 
38.40 30.80 30.60 30.80 38.40 
45.40 36.20 36.20 36.20 45.40 
49.20 39.20 39.20 39.20 49.20 
50.20 40.20 40.00 40.00 50.20 
48.80 39.00 39.00 39.00 48.80 
45.60 36.40 36.40 36.40 45.60 
40.80 32.60 32.60 32.60 40.80 
35.00 28.00 28.00 28.00 35.00 
28.40 22.60 22.60 22.60 28.40 
21.40 17.20 17.20 17.20 21.40 
14.82 11.88 11.90 11.90 14.82 
8.76 7.04 7.06 7.06 8.76 
3.70 3.00 3.02 3.00 3.70 
0.00 0.00 0.00 0.00 0.00 
3.60 2.92 2.94 2.92 3.60 
8.58 6.90 6.92 6.90 8.58 
14.56 11.68 11.68 11.68 14.56 
21.20 16.94 16.94 16.94 21.20 
28.00 22.40 22.40 22.40 28.00 
34.60 27.60 27.60 27.60 34.60 
40.40 32.40 32.20 32.40 40.40 
45.20 36.20 36.20 36.20 45.20 
48.40 38.80 38.80 38.80 48.40 
49.80 39.80 39.80 39.80 49.80 
48.80 39.00 38.80 39.00 48.80 
45.00 36.00 36.00 36.00 45.00 
38.20 30.60 30.40 30.40 38.20 
28.80 23.00 23.00 23.00 28.80 
19.58 15.80 15.86 15.82 19.60 
13.22 10.78 10.88 10.80 13.22 
12.02 9.80 9.90 9.82 12.04 
14.30 11.68 11.78 11.70 14.30 
22.60 18.22 18.24 18.22 22.60 
32.60 26.00 26.00 26.00 32.60 
40.60 32.40 32.40 32.40 40.60 
46.20 37.00 37.00 37.00 46.20 
49.80 39.80 39.80 39.80 49.80 
51.00 40.60 40.60 40.60 51.00 

 
 

Load Case BA4 
Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
55.00 44.00 44.00 44.00 55.00 
51.60 41.20 41.20 41.20 51.60 
45.80 36.60 36.60 36.60 45.80 
37.80 30.20 30.20 30.20 37.80 
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28.00 22.40 22.40 22.40 28.00 
18.60 15.04 15.10 15.06 18.60 
12.98 10.46 10.52 10.48 12.96 
9.22 7.50 7.56 7.50 9.22 
8.74 7.06 7.10 7.06 8.72 

10.08 8.08 8.10 8.08 10.08 
11.70 9.34 9.32 9.34 11.70 
11.88 9.46 9.44 9.44 11.88 
10.38 8.26 8.24 8.26 10.38 
7.62 6.08 6.06 6.08 7.62 
4.02 3.20 3.20 3.20 4.02 
0.00 0.00 0.00 0.00 0.00 
4.04 3.22 3.20 3.22 4.04 
7.66 6.10 6.08 6.10 7.66 

10.44 8.32 8.30 8.32 10.44 
11.98 9.54 9.52 9.54 12.00 
11.88 9.48 9.46 9.48 11.88 
10.32 8.28 8.30 8.28 10.32 
8.98 7.26 7.30 7.28 8.98 
9.44 7.68 7.76 7.70 9.46 

13.18 10.66 10.72 10.66 13.18 
18.94 15.30 15.36 15.30 18.92 
28.20 22.60 22.60 22.60 28.20 
38.20 30.40 30.40 30.40 38.20 
46.00 36.80 36.60 36.80 46.00 
51.60 41.20 41.20 41.20 51.60 
55.20 44.00 44.00 44.00 55.20 
56.20 45.00 45.00 45.00 56.20 

 
 

 
Load Case BA6 

Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
2.32 1.86 1.86 1.86 2.32 
1.76 1.41 1.42 1.41 1.76 
0.83 0.68 0.69 0.68 0.83 
0.00 0.00 0.00 0.00 0.00 
0.04 0.10 0.14 0.11 0.03 
2.22 1.73 1.72 1.73 2.22 
2.04 1.58 1.56 1.58 2.04 
0.00 0.00 0.00 0.00 0.00 
2.10 1.63 1.61 1.63 2.10 
2.22 1.73 1.71 1.73 2.22 
0.00 0.02 0.06 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 
0.85 0.70 0.71 0.70 0.85 
1.78 1.43 1.43 1.43 1.78 
2.34 1.87 1.88 1.88 2.34 
2.52 2.02 2.02 2.02 2.52 
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Load Case BA7 
Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
62.00 49.60 49.60 49.60 62.00 
58.60 46.80 46.80 46.80 58.60 
52.80 42.20 42.20 42.20 52.80 
45.00 36.00 36.00 36.00 45.00 
35.20 28.20 28.20 28.20 35.20 
25.00 20.00 20.00 20.00 25.00 
15.56 12.50 12.52 12.50 15.56 
7.02 5.70 5.74 5.70 7.02 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
4.08 3.42 3.50 3.44 4.08 
13.46 10.86 10.90 10.86 13.46 
24.60 19.68 19.68 19.68 24.60 
35.40 28.20 28.20 28.20 35.40 

 
 

Load Case BA8 
Front Plate Bearing Stress (P1/5mm) 

Front Middle1 Center Middle 2 Back 
2.64 2.12 2.12 2.12 2.64 
2.02 1.62 1.62 1.62 2.02 
0.97 0.79 0.80 0.80 0.97 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
2.72 2.12 2.12 2.12 2.70 
3.44 2.70 2.68 2.70 3.44 
2.44 1.91 1.89 1.90 2.44 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
2.56 2.00 1.99 2.00 2.56 
3.66 2.88 2.84 2.86 3.66 
2.62 2.08 2.06 2.08 2.62 
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Appendix 3 
Outer Radius Bearing Stress 

 
 

Load Case BA1 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
9.81 12.35 17.87 12.88 9.81 
10.05 11.41 18.43 12.08 10.03 
10.43 9.76 18.96 10.59 10.40 
10.83 6.80 18.61 7.73 10.83 
9.73 2.99 12.91 3.04 9.65 
-7.28 0.30 -16.27 -0.88 -7.41 
-6.48 -1.94 -15.33 -3.04 -6.51 
-4.75 -2.53 -12.61 -3.41 -4.72 
-3.04 -2.11 -9.65 -2.85 -3.04 
-1.73 -1.38 -7.01 -1.96 -1.70 
-0.69 -0.57 -4.75 -1.03 -0.66 
0.14 0.25 -2.85 -0.12 0.16 
0.79 0.97 -1.37 0.68 0.80 
1.27 1.57 -0.21 1.33 1.28 
1.62 2.02 0.65 1.83 1.62 
1.84 2.32 1.26 2.17 1.84 
1.96 2.49 1.66 2.36 1.95 
1.99 2.53 1.87 2.42 1.98 
1.94 2.46 1.94 2.37 1.93 
1.83 2.30 1.88 2.23 1.82 
1.68 2.07 1.74 2.02 1.67 
1.50 1.80 1.52 1.75 1.49 
1.30 1.50 1.27 1.46 1.29 
1.10 1.20 0.99 1.16 1.08 
0.90 0.90 0.72 0.87 0.89 
0.73 0.63 0.47 0.60 0.71 
0.58 0.40 0.25 0.37 0.57 
0.48 0.22 0.07 0.19 0.47 
0.42 0.10 -0.06 0.07 0.41 
0.42 0.04 -0.12 0.01 0.41 
0.47 0.08 -0.10 0.04 0.47 
0.50 0.14 -0.02 0.11 0.50 
0.58 0.30 0.14 0.27 0.58 
0.71 0.51 0.36 0.48 0.72 
0.88 0.78 0.62 0.75 0.89 
1.09 1.09 0.92 1.05 1.09 
1.31 1.42 1.23 1.38 1.32 
1.54 1.76 1.55 1.72 1.55 
1.77 2.09 1.85 2.05 1.78 
1.97 2.40 2.11 2.35 1.99 
2.14 2.66 2.31 2.60 2.16 
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2.28 2.85 2.42 2.77 2.28 
2.34 2.96 2.41 2.85 2.34 
2.33 2.93 2.27 2.83 2.34 
2.22 2.80 1.95 2.67 2.22 
2.00 2.51 1.43 2.36 2.01 
1.66 2.07 0.67 1.87 1.67 
1.19 1.46 -0.35 1.22 1.19 
0.56 0.68 -1.70 0.38 0.55 
-0.25 -0.24 -3.39 -0.61 -0.25 
-1.25 -1.25 -5.49 -1.71 -1.26 
-2.48 -2.25 -7.97 -2.85 -2.50 
-3.89 -3.09 -10.67 -3.84 -3.92 
-5.44 -3.39 -12.88 -4.24 -5.44 
-6.93 -2.52 -14.24 -3.49 -6.88 
-7.36 0.14 -12.99 -0.78 -7.20 
9.07 3.33 10.83 3.31 9.09 
11.31 7.12 18.61 8.08 11.31 
10.83 10.05 18.93 10.85 10.80 
10.35 11.65 18.40 12.29 10.32 
10.00 12.51 17.87 13.01 10.00 
9.81 12.91 17.55 13.36 9.81 

 
 

Load Case BA2 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
3.25 3.92 8.35 4.32 3.25 
3.41 3.07 8.64 3.55 3.41 
3.65 1.57 8.88 2.14 3.63 
3.95 -1.24 8.35 -0.53 3.95 
2.91 -4.80 3.49 -4.72 2.83 

-14.83 -6.96 -20.53 -7.89 -14.99 
-13.68 -9.04 -19.87 -9.84 -13.73 
-11.63 -9.36 -17.33 -9.92 -11.65 
-9.49 -8.69 -14.45 -9.09 -9.49 
-7.65 -7.57 -11.79 -7.89 -7.63 
-6.19 -6.48 -9.52 -6.72 -6.16 
-4.93 -5.41 -7.60 -5.60 -4.91 
-3.89 -4.45 -5.97 -4.59 -3.89 
-3.09 -3.57 -4.69 -3.71 -3.09 
-2.43 -2.85 -3.68 -2.96 -2.43 
-1.94 -2.30 -2.91 -2.37 -1.94 
-1.55 -1.87 -2.33 -1.93 -1.56 
-1.29 -1.57 -1.93 -1.62 -1.29 
-1.10 -1.39 -1.67 -1.43 -1.11 
-1.00 -1.31 -1.54 -1.35 -1.01 
-0.96 -1.32 -1.50 -1.35 -0.97 
-0.97 -1.38 -1.54 -1.41 -0.98 
-1.01 -1.49 -1.63 -1.51 -1.02 
-1.07 -1.63 -1.75 -1.65 -1.09 
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-1.15 -1.77 -1.89 -1.80 -1.16 
-1.22 -1.92 -2.03 -1.94 -1.23 
-1.29 -2.05 -2.16 -2.07 -1.30 
-1.34 -2.14 -2.26 -2.17 -1.35 
-1.37 -2.21 -2.32 -2.23 -1.38 
-1.38 -2.24 -2.35 -2.26 -1.39 
-1.31 -2.14 -2.26 -2.17 -1.31 
-1.31 -2.16 -2.27 -2.18 -1.31 
-1.25 -2.05 -2.17 -2.08 -1.25 
-1.16 -1.91 -2.04 -1.94 -1.15 
-1.05 -1.75 -1.88 -1.78 -1.05 
-0.94 -1.57 -1.70 -1.60 -0.93 
-0.83 -1.38 -1.53 -1.41 -0.82 
-0.73 -1.21 -1.36 -1.24 -0.72 
-0.66 -1.06 -1.23 -1.10 -0.65 
-0.61 -0.96 -1.15 -0.99 -0.60 
-0.62 -0.92 -1.15 -0.96 -0.61 
-0.69 -0.96 -1.24 -1.01 -0.68 
-0.84 -1.11 -1.45 -1.16 -0.83 
-1.08 -1.37 -1.81 -1.43 -1.07 
-1.42 -1.77 -2.33 -1.85 -1.42 
-1.89 -2.32 -3.07 -2.41 -1.89 
-2.49 -3.01 -4.00 -3.15 -2.49 
-3.25 -3.89 -5.20 -4.05 -3.25 
-4.19 -4.93 -6.72 -5.12 -4.21 
-5.36 -6.08 -8.56 -6.29 -5.36 
-6.75 -7.31 -10.75 -7.60 -6.77 
-8.40 -8.53 -13.31 -8.93 -8.43 
-9.89 -9.60 -15.76 -10.11 -9.89 
-11.15 -10.03 -17.95 -10.67 -11.15 
-12.03 -9.41 -19.49 -10.21 -11.97 
-11.63 -7.12 -19.09 -7.97 -11.49 
-1.53 -4.45 1.89 -4.56 -1.53 
3.44 -0.81 9.09 -0.02 3.44 
3.31 1.95 9.49 2.59 3.31 
3.23 3.36 9.09 3.89 3.20 
3.17 4.11 8.64 4.56 3.15 
3.15 4.45 8.35 4.85 3.15 

 
 

Load Case BA3 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
T T T T T 
T T T T T 
T T T T T 
T T T T T 
T -2.66 3.T -2.61 T 

-10.67 -4.53 -14.75 -5.23 -10.80 
-9.92 -6.29 -14.43 -6.88 -9.97 
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-8.51 -6.69 -12.72 -7.12 -8.51 
-7.04 -6.40 -10.75 -6.69 -7.04 
-5.81 -5.76 -8.96 -6.00 -5.79 
-4.83 -5.15 -7.44 -5.33 -4.83 
-4.00 -4.51 -6.13 -4.67 -4.00 
-3.33 -3.92 -5.07 -4.03 -3.33 
-2.77 -3.36 -4.19 -3.44 -2.77 
-2.31 -2.91 -3.49 -2.96 -2.32 
-1.94 -2.47 -2.91 -2.51 -1.94 
-1.61 -2.09 -2.40 -2.13 -1.61 
-1.32 -1.75 -1.97 -1.78 -1.33 
-1.06 -1.43 -1.59 -1.45 -1.07 
-0.82 -1.12 -1.22 -1.13 -0.82 
-0.57 -0.78 -0.85 -0.79 -0.58 
-0.32 -0.42 -0.45 -0.43 -0.32 
-0.02 -0.03 -0.03 -0.03 -0.02 
-0.24 -0.31 -0.34 -0.31 -0.24 
-0.45 -0.63 -0.70 -0.64 -0.45 
-0.66 -0.93 -1.06 -0.95 -0.66 
-0.89 -1.24 -1.43 -1.27 -0.89 
-1.15 -1.57 -1.84 -1.61 -1.15 
-1.45 -1.94 -2.31 -1.98 -1.45 
-1.81 -2.36 -2.88 -2.42 -1.80 
-2.23 -2.83 -3.55 -2.91 -2.22 
-2.75 -3.41 -4.37 -3.49 -2.75 
-3.36 -4.05 -5.36 -4.19 -3.36 
-4.11 -4.75 -6.59 -4.93 -4.11 
-5.04 -5.49 -8.08 -5.73 -5.04 
-6.13 -6.21 -9.79 -6.53 -6.13 
-7.17 -6.80 -11.47 -7.20 -7.17 
-7.97 -6.96 -12.93 -7.44 -7.97 
-8.45 -6.29 -13.89 -6.91 -8.40 
-7.89 -4.37 -13.31 -5.01 -7.81 
-0.33 -2.15 2.69 -2.21 -0.32 

T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 

 
 

Load Case BA4 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 

-5.71 -1.05 -7.79 -1.51 -5.79 
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-5.28 -2.32 -7.68 -2.69 -5.31 
-4.40 -2.69 -6.64 -2.96 -4.40 
-3.47 -2.57 -5.39 -2.77 -3.47 
-2.69 -2.22 -4.21 -2.36 -2.69 
-2.06 -1.83 -3.20 -1.93 -2.05 
-1.49 -1.40 -2.30 -1.47 -1.49 
-0.99 -0.95 -1.49 -0.99 -0.99 
-0.53 -0.49 -0.75 -0.51 -0.53 
-0.04 -0.03 -0.05 -0.03 -0.04 
-0.46 -0.44 -0.66 -0.46 -0.46 
-0.94 -0.91 -1.46 -0.96 -0.94 
-1.46 -1.39 -2.36 -1.47 -1.46 
-2.06 -1.86 -3.36 -1.98 -2.06 
-2.75 -2.29 -4.51 -2.47 -2.77 
-3.39 -2.61 -5.57 -2.85 -3.39 
-3.87 -2.62 -6.48 -2.93 -3.87 
-4.11 -2.10 -7.04 -2.48 -4.08 
-3.68 -0.72 -6.59 -1.12 -3.60 

T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 

 
 

Load Case BA6 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
-1.39 -2.41 -1.83 -2.38 -1.38 
-1.30 -2.27 -1.66 -2.24 -1.30 
-1.19 -2.03 -1.41 -1.99 -1.20 
-0.98 -1.57 -1.07 -1.31 -0.98 
-0.73 -0.93 -0.59 -0.92 -0.73 
-0.24 -0.45 -0.36 -0.45 -0.24 
-0.02 -0.03 -0.02 -0.03 -0.02 
-0.28 -0.45 -0.39 -0.46 -0.28 
-0.95 -1.01 -0.77 -1.05 -0.95 
-1.21 -1.72 -1.33 -1.68 -1.21 
-1.24 -2.05 -1.43 -1.94 -1.25 
-1.32 -2.27 -1.66 -2.23 -1.33 
-1.39 -2.41 -1.83 -2.38 -1.39 
-1.45 -2.50 -1.93 -2.46 -1.45 

 
 

Load Case BA7 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
T T T T T 
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T T T T T 
T T T T T 
T T T T T 
T T T T T 

-1.21 T -0.56 T -1.10 
-0.91 T -0.56 T -0.71 
-0.27 T T T -0.08 

T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 
T T T T T 

 
 

Load Case BA8 
OR Bearing Stress (P2/37.5mm) 

Front Middle1 Center Middle 2 Back 
-1.62 -2.72 -1.95 -2.69 -1.61 
-1.51 -2.62 -1.78 -2.59 -1.50 
-1.34 -2.44 -1.50 -2.40 -1.33 
-1.10 -1.96 -1.23 -1.72 -1.09 
-0.91 -1.30 -0.83 -1.29 -0.90 
-0.66 -0.83 -0.85 -0.84 -0.63 
-0.37 -0.41 -0.43 -0.42 -0.33 
-0.03 -0.02 -0.02 -0.02 0.00 
-0.31 -0.43 -0.42 -0.43 -0.32 
-0.66 -0.90 -0.89 -0.91 -0.67 
-1.17 -1.49 -1.06 -1.48 -1.16 
-1.33 -2.23 -1.52 -2.02 -1.33 
-1.33 -2.42 -1.43 -2.39 -1.32 
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Appendix 4 
Girder Bolt Forces 

 
Load Case BA1  

Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-19699.2 -20001.6 -20865.6 -20001.6 -19742.4 5107.2 5185.6 5409.6 5185.6 5118.4 

-28598.4 -28771.2 -30240 -28814.4 -28641.6 7414.4 7459.2 7840 7470.4 7425.6 

-36374.4 -35985.6 -38491.2 -36115.2 -36417.6 9430.4 9329.6 9979.2 9363.2 9441.6 

-39744 -38966.4 -48816 -39268.8 -40046.4 10304 10102.4 12656 10180.8 10382.4 

23500.8 30628.8 80784 30153.6 23112 -6092.8 -7940.8 -20944 -7817.6 -5992 

53568 50976 -16718.4 50976 53568 -13888 -13216 4334.4 -13216 -13888 

127872 134784 105408 136512 127872 -33152 -34944 -27328 -35392 -33152 

165456 172800 155520 174096 165456 -42896 -44800 -40320 -45136 -42896 

174528 183168 182304 183600 174960 -45248 -47488 -47264 -47600 -45360 

150336 158112 158112 158112 150336 -38976 -40992 -40992 -40992 -38976 

116208 121824 121392 121824 116208 -30128 -31584 -31472 -31584 -30128 

83376 87264 86832 87264 83376 -21616 -22624 -22512 -22624 -21616 

52272 54864 54432 54864 52272 -13552 -14224 -14112 -14224 -13552 

23976 25142.4 24883.2 25142.4 23976 -6216 -6518.4 -6451.2 -6518.4 -6216 

-1658.88 -1797.12 -2008.8 -1805.76 -1645.92 430.08 465.92 520.8 468.16 426.72 

-24278.4 -25531.2 -25704 -25574.4 -24278.4 6294.4 6619.2 6664 6630.4 6294.4 

-43632 -45792 -45792 -45792 -43632 11312 11872 11872 11872 11312 

-59616 -62640 -62640 -62640 -59616 15456 16240 16240 16240 15456 

-72144 -75600 -76032 -76032 -72144 18704 19600 19712 19712 18704 

-81216 -85104 -85536 -85104 -81216 21056 22064 22176 22064 21056 

-86832 -91152 -91152 -91152 -86832 22512 23632 23632 23632 22512 

-88992 -93744 -93744 -93744 -88992 23072 24304 24304 24304 23072 

-88128 -92448 -92880 -92448 -88128 22848 23968 24080 23968 22848 

-84240 -88560 -88560 -88560 -84240 21840 22960 22960 22960 21840 

-77760 -81648 -81648 -81648 -77760 20160 21168 21168 21168 20160 

-68688 -71712 -72144 -71712 -68688 17808 18592 18704 18592 17808 

-57456 -60480 -60480 -60480 -57456 14896 15680 15680 15680 14896 

-44496 -46656 -46656 -46656 -44496 11536 12096 12096 12096 11536 

-30499.2 -32011.2 -32054.4 -32011.2 -30499.2 7907.2 8299.2 8310.4 8299.2 7907.2 

-15379.2 -16200 -16286.4 -16200 -15379.2 3987.2 4200 4222.4 4200 3987.2 

39.1824 44.064 51.84 44.064 37.2384 -10.1584 -11.424 -13.44 -11.424 -9.6544 

15422.4 16286.4 16416 16286.4 15422.4 -3998.4 -4222.4 -4256 -4222.4 -3998.4 

30585.6 32054.4 32184 32097.6 30542.4 -7929.6 -8310.4 -8344 -8321.6 -7918.4 

44928 46656 46656 46656 44928 -11648 -12096 -12096 -12096 -11648 

57456 60480 60480 60480 57456 -14896 -15680 -15680 -15680 -14896 

68688 72144 72144 72144 68688 -17808 -18704 -18704 -18704 -17808 

77760 81648 81648 81648 77760 -20160 -21168 -21168 -21168 -20160 

84240 88560 88560 88560 84240 -21840 -22960 -22960 -22960 -21840 

88560 92448 92880 92448 88128 -22960 -23968 -24080 -23968 -22848 

89424 93744 93744 93744 89424 -23184 -24304 -24304 -24304 -23184 

86832 91152 91584 91152 86832 -22512 -23632 -23744 -23632 -22512 
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81216 85536 85536 85536 81216 -21056 -22176 -22176 -22176 -21056 

72576 76032 76032 76032 72144 -18816 -19712 -19712 -19712 -18704 

59616 63072 63072 63072 60048 -15456 -16352 -16352 -16352 -15568 

44064 46224 46224 46224 43632 -11424 -11984 -11984 -11984 -11312 

24494.4 25747.2 25963.2 25790.4 24494.4 -6350.4 -6675.2 -6731.2 -6686.4 -6350.4 

1857.6 1995.84 2285.28 2021.76 1840.32 -481.6 -517.44 -592.48 -524.16 -477.12 

-23803.2 -24926.4 -24580.8 -24926.4 -23803.2 6171.2 6462.4 6372.8 6462.4 6171.2 

-52272 -54864 -54432 -54864 -52272 13552 14224 14112 14224 13552 

-82944 -87264 -86832 -87264 -82944 21504 22624 22512 22624 21504 

-116208 -121824 -120960 -121824 -115776 30128 31584 31360 31584 30016 

-150336 -158112 -158112 -158112 -150336 38976 40992 40992 40992 38976 

-174528 -182736 -182304 -183600 -174528 45248 47376 47264 47600 45248 

-165024 -172800 -155952 -174528 -165024 42784 44800 40432 45248 42784 

-127008 -135216 -106272 -136944 -127008 32928 35056 27552 35504 32928 

-53568 -52272 14040 -52704 -53568 13888 13552 -3640 13664 13888 

-24105.6 -30456 -80784 -30110.4 -24278.4 6249.6 7896 20944 7806.4 6294.4 

39700.8 39182.4 48816 39700.8 39571.2 -10292.8 -10158.4 -12656 -10292.8 -10259.2 

36417.6 36374.4 38275.2 36374.4 36417.6 -9441.6 -9430.4 -9923.2 -9430.4 -9441.6 

28684.8 29030.4 29980.8 29030.4 28728 -7436.8 -7526.4 -7772.8 -7526.4 -7448 

19785.6 20131.2 20649.6 20174.4 19785.6 -5129.6 -5219.2 -5353.6 -5230.4 -5129.6 

10152 10368 10497.6 10368 10108.8 -2632 -2688 -2721.6 -2688 -2620.8 

 
 
 
 

Load Case BA2 
Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-24321.6 -24926.4 -25660.8 -24926.4 -24321.6 6305.6 6462.4 6652.8 6462.4 6305.6 

-35424 -36158.4 -37324.8 -36158.4 -35467.2 9184 9374.4 9676.8 9374.4 9195.2 

-45792 -45792 -47952 -45792 -45792 11872 11872 12432 11872 11872 

-57456 -49248 -58752 -49248 -57456 14896 12768 15232 12768 14896 

126144 41817.6 92016 41644.8 125712 -32704 -10841.6 -23856 -10796.8 -32592 

-1611.36 63072 29678.4 63072 -1589.76 417.76 -16352 -7694.4 -16352 412.16 

73008 123552 98928 123552 73008 -18928 -32032 -25648 -32032 -18928 

127440 168480 149904 168480 127440 -33040 -43680 -38864 -43680 -33040 

167616 192672 183168 193104 167616 -43456 -49952 -47488 -50064 -43456 

180144 187488 189648 187920 180144 -46704 -48608 -49168 -48720 -46704 

146880 154224 153792 154224 146880 -38080 -39984 -39872 -39984 -38080 

114912 120528 120528 120960 114912 -29792 -31248 -31248 -31360 -29792 

84672 88992 88992 88992 85104 -21952 -23072 -23072 -23072 -22064 

57024 60048 59616 60048 57024 -14784 -15568 -15456 -15568 -14784 

31579.2 33134.4 33004.8 33134.4 31579.2 -8187.2 -8590.4 -8556.8 -8590.4 -8187.2 

8812.8 9201.6 9115.2 9244.8 8812.8 -2284.8 -2385.6 -2363.2 -2396.8 -2284.8 

-11059.2 -11620.8 -11707.2 -11620.8 -11016 2867.2 3012.8 3035.2 3012.8 2856 

-27820.8 -29246.4 -29289.6 -29246.4 -27777.6 7212.8 7582.4 7593.6 7582.4 7201.6 

-41558.4 -43632 -43632 -43632 -41428.8 10774.4 11312 11312 11312 10740.8 

-51840 -54432 -54432 -54432 -51840 13440 14112 14112 14112 13440 
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-59184 -62208 -62208 -62208 -59184 15344 16128 16128 16128 15344 

-63504 -66528 -66528 -66528 -63504 16464 17248 17248 17248 16464 

-64800 -67824 -67824 -67824 -64800 16800 17584 17584 17584 16800 

-63072 -66096 -66528 -66096 -63072 16352 17136 17248 17136 16352 

-59184 -62208 -62208 -62208 -59184 15344 16128 16128 16128 15344 

-52704 -55728 -55296 -55296 -52704 13664 14448 14336 14336 13664 

-44928 -46656 -46656 -46656 -44928 11648 12096 12096 12096 11648 

-34948.8 -36676.8 -36763.2 -36676.8 -34948.8 9060.8 9508.8 9531.2 9508.8 9060.8 

-23976 -25142.4 -25142.4 -25142.4 -23976 6216 6518.4 6518.4 6518.4 6216 

-11880 -12744 -12744 -12744 -11923.2 3080 3304 3304 3304 3091.2 

85.536 74.304 75.6 73.44 84.24 -22.176 -19.264 -19.6 -19.04 -21.84 

12009.6 12873.6 12916.8 12916.8 12009.6 -3113.6 -3337.6 -3348.8 -3348.8 -3113.6 

24105.6 25272 25358.4 25315.2 24105.6 -6249.6 -6552 -6574.4 -6563.2 -6249.6 

35078.4 36849.6 36892.8 36849.6 35078.4 -9094.4 -9553.6 -9564.8 -9553.6 -9094.4 

44928 47088 47088 47088 44928 -11648 -12208 -12208 -12208 -11648 

53136 55728 55728 55728 52704 -13776 -14448 -14448 -14448 -13664 

59184 62208 62208 62208 59184 -15344 -16128 -16128 -16128 -15344 

63072 66528 66528 66528 63504 -16352 -17248 -17248 -17248 -16464 

64800 67824 67824 67824 64800 -16800 -17584 -17584 -17584 -16800 

63504 66528 66528 66528 63504 -16464 -17248 -17248 -17248 -16464 

59184 62208 62208 62208 59184 -15344 -16128 -16128 -16128 -15344 

52272 54864 54432 54864 51840 -13552 -14224 -14112 -14224 -13440 

41731.2 43632 43632 43632 41601.6 -10819.2 -11312 -11312 -11312 -10785.6 

27993.6 29462.4 29548.8 29462.4 27993.6 -7257.6 -7638.4 -7660.8 -7638.4 -7257.6 

11232 11793.6 11923.2 11793.6 11188.8 -2912 -3057.6 -3091.2 -3057.6 -2900.8 

-8640 -9028.8 -8899.2 -9028.8 -8640 2240 2340.8 2307.2 2340.8 2240 

-31406.4 -32961.6 -32788.8 -32961.6 -31406.4 8142.4 8545.6 8500.8 8545.6 8142.4 

-56592 -59616 -59616 -59616 -57024 14672 15456 15456 15456 14784 

-84672 -88992 -88992 -88992 -84672 21952 23072 23072 23072 21952 

-114912 -120528 -120528 -120528 -114912 29792 31248 31248 31248 29792 

-146448 -154224 -153792 -154224 -146448 37968 39984 39872 39984 37968 

-179712 -187920 -189216 -187920 -179712 46592 48720 49056 48720 46592 

-169776 -193536 -183600 -193536 -169776 44016 50176 47600 50176 44016 

-130464 -169776 -151200 -169776 -130032 33824 44016 39200 44016 33712 

-75600 -124848 -100656 -124848 -75600 19600 32368 26096 32368 19600 

-86.4 -63504 -30499.2 -63504 129.6 22.4 16464 7907.2 16464 -33.6 

-123552 -40176 -88992 -40262.4 -123552 32032 10416 23072 10438.4 32032 

57456 49248 58320 49680 57456 -14896 -12768 -15120 -12880 -14896 

45360 45792 47520 45792 45360 -11760 -11872 -12320 -11872 -11760 

35251.2 36201.6 37022.4 36244.8 35294.4 -9139.2 -9385.6 -9598.4 -9396.8 -9150.4 

24105.6 24926.4 25401.6 24969.6 24148.8 -6249.6 -6462.4 -6585.6 -6473.6 -6260.8 

12225.6 12700.8 12873.6 12700.8 12268.8 -3169.6 -3292.8 -3337.6 -3292.8 -3180.8 

 
 

Load Case BA2 
 
 

Load Case BA3 
Bolt Forces 

FB1 FB2 
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Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-30326.4 -31406.4 -31968 -31406.4 -30326.4 7862.4 8142.4 8288 8142.4 7862.4 

-44496 -45792 -46656 -45792 -44496 11536 11872 12096 11872 11536 

-57456 -58752 -60048 -58752 -57456 14896 15232 15568 15232 14896 

-70848 -66528 -73440 -66528 -70848 18368 17248 19040 17248 18368 

53136 -7128 28857.6 -7214.4 53136 -13776 1848 -7481.6 1870.4 -13776 

-46224 5529.6 -21859.2 5572.8 -46224 11984 -1433.6 5667.2 -1444.8 11984 

15940.8 54000 35078.4 54000 15768 -4132.8 -14000 -9094.4 -14000 -4088 

60912 88560 75600 88992 60912 -15792 -22960 -19600 -23072 -15792 

90720 104976 98496 104976 90720 -23520 -27216 -25536 -27216 -23520 

94608 98496 99792 98928 94608 -24528 -25536 -25872 -25648 -24528 

70848 74304 74304 74736 70848 -18368 -19264 -19264 -19376 -18368 

49248 51840 51408 51840 49248 -12768 -13440 -13328 -13440 -12768 

30153.6 31708.8 31536 31708.8 30153.6 -7817.6 -8220.8 -8176 -8220.8 -7817.6 

13694.4 14385.6 14256 14342.4 13651.2 -3550.4 -3729.6 -3696 -3718.4 -3539.2 

56.16 48.816 -57.456 41.04 59.184 -14.56 -12.656 14.896 -10.64 -15.344 

-10584 -11102.4 -11188.8 -11102.4 -10540.8 2744 2878.4 2900.8 2878.4 2732.8 

-18057.6 -19008 -19094.4 -19008 -18057.6 4681.6 4928 4950.4 4928 4681.6 

-22420.8 -23587.2 -23630.4 -23587.2 -22420.8 5812.8 6115.2 6126.4 6115.2 5812.8 

-23716.8 -24926.4 -24969.6 -24926.4 -23673.6 6148.8 6462.4 6473.6 6462.4 6137.6 

-21945.6 -23112 -23198.4 -23112 -21945.6 5689.6 5992 6014.4 5992 5689.6 

-17366.4 -18273.6 -18316.8 -18273.6 -17366.4 4502.4 4737.6 4748.8 4737.6 4502.4 

-10065.6 -10627.2 -10670.4 -10627.2 -10065.6 2609.6 2755.2 2766.4 2755.2 2609.6 

-548.64 -424.656 -426.816 -426.816 -544.32 142.24 110.096 110.656 110.656 141.12 

9331.2 9849.6 9936 9892.8 9331.2 -2419.2 -2553.6 -2576 -2564.8 -2419.2 

16718.4 17625.6 17668.8 17625.6 16718.4 -4334.4 -4569.6 -4580.8 -4569.6 -4334.4 

21427.2 22550.4 22593.6 22593.6 21427.2 -5555.2 -5846.4 -5857.6 -5857.6 -5555.2 

23284.8 24494.4 24580.8 24494.4 23284.8 -6036.8 -6350.4 -6372.8 -6350.4 -6036.8 

22118.4 23284.8 23371.2 23328 22118.4 -5734.4 -6036.8 -6059.2 -6048 -5734.4 

17841.6 18792 18921.6 18792 17884.8 -4625.6 -4872 -4905.6 -4872 -4636.8 

10454.4 11016 11188.8 11059.2 10454.4 -2710.4 -2856 -2900.8 -2867.2 -2710.4 

-5.4 14.04 167.616 20.52 -3.24 1.4 -3.64 -43.456 -5.32 0.84 

-13478.4 -14169.6 -13996.8 -14169.6 -13521.6 3494.4 3673.6 3628.8 3673.6 3505.6 

-29851.2 -31406.4 -31147.2 -31449.6 -29851.2 7739.2 8142.4 8075.2 8153.6 7739.2 

-48816 -51408 -50976 -51408 -48816 12656 13328 13216 13328 12656 

-70416 -73872 -73440 -73872 -70416 18256 19152 19040 19152 18256 

-93744 -98064 -98928 -98496 -93744 24304 25424 25648 25536 24304 

-92016 -104544 -98064 -104976 -92016 23856 27104 25424 27216 23856 

-62640 -88992 -75600 -88992 -62640 16240 23072 19600 23072 16240 

-17496 -54432 -35596.8 -54432 -17280 4536 14112 9228.8 14112 4480 

45360 -5313.6 21513.6 -5443.2 45360 -11760 1377.6 -5577.6 1411.2 -11760 

-50544 8769.6 -25920 8726.4 -50976 13104 -2273.6 6720 -2262.4 13216 

71280 66960 73008 66960 70848 -18480 -17360 -18928 -17360 -18368 

57456 58752 60048 58752 57456 -14896 -15232 -15568 -15232 -14896 

44496 45792 46656 45792 44496 -11536 -11872 -12096 -11872 -11536 

30326.4 31492.8 31881.6 31536 30326.4 -7862.4 -8164.8 -8265.6 -8176 -7862.4 

15422.4 16027.2 16200 16070.4 15422.4 -3998.4 -4155.2 -4200 -4166.4 -3998.4 

45.36 92.016 21.6 93.744 50.976 -11.76 -23.856 -5.6 -24.304 -13.216 
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Load Case BA4 
Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-30542.4 -31795.2 -32140.8 -31795.2 -30542.4 7918.4 8243.2 8332.8 8243.2 7918.4 

-44496 -46224 -47088 -46224 -44496 11536 11984 12208 11984 11536 

-57456 -59184 -60048 -59184 -57456 14896 15344 15568 15344 14896 

-69984 -68256 -73008 -68256 -69984 18144 17696 18928 17696 18144 

9633.6 -31838.4 -7905.6 -31881.6 9504 -2497.6 8254.4 2049.6 8265.6 -2464 

-59184 -25574.4 -44064 -25574.4 -58752 15344 6630.4 11424 6630.4 15232 

-18230.4 5832 -6998.4 5918.4 -18316.8 4726.4 -1512 1814.4 -1534.4 4748.8 

11750.4 28641.6 19742.4 28771.2 11664 -3046.4 -7425.6 -5118.4 -7459.2 -3024 

32054.4 40132.8 35985.6 40219.2 32011.2 -8310.4 -10404.8 -9329.6 -10427.2 -8299.2 

36676.8 37972.8 38750.4 38059.2 36676.8 -9508.8 -9844.8 -10046.4 -9867.2 -9508.8 

23760 25056 24840 25099.2 23760 -6160 -6496 -6440 -6507.2 -6160 

13564.8 14342.4 14126.4 14342.4 13564.8 -3516.8 -3718.4 -3662.4 -3718.4 -3516.8 

6134.4 6480 6307.2 6480 6177.6 -1590.4 -1680 -1635.2 -1680 -1601.6 

1594.08 1697.76 1563.84 1693.44 1594.08 -413.28 -440.16 -405.44 -439.04 -413.28 

9.1584 -8.5968 15.768 -8.7696 9.936 -2.3744 2.2288 -4.088 2.2736 -2.576 

-1464.48 -1576.8 -1421.28 -1572.48 -1468.8 379.68 408.8 368.48 407.68 380.8 

-5918.4 -6264 -6048 -6264 -5918.4 1534.4 1624 1568 1624 1534.4 

-13219.2 -13996.8 -13694.4 -13996.8 -13219.2 3427.2 3628.8 3550.4 3628.8 3427.2 

-23284.8 -24624 -24278.4 -24624 -23284.8 6036.8 6384 6294.4 6384 6036.8 

-35985.6 -37497.6 -38102.4 -37584 -35985.6 9329.6 9721.6 9878.4 9744 9329.6 

-32875.2 -39960 -35596.8 -40046.4 -32875.2 8523.2 10360 9228.8 10382.4 8523.2 

-12873.6 -28814.4 -19872 -28900.8 -12830.4 3337.6 7470.4 5152 7492.8 3326.4 

17107.2 -6134.4 6566.4 -6220.8 17150.4 -4435.2 1590.4 -1702.4 1612.8 -4446.4 

57888 25574.4 43632 25488 58320 -15008 -6630.4 -11312 -6608 -15120 

-7992 32659.2 9633.6 32659.2 -7992 2072 -8467.2 -2497.6 -8467.2 2072 

69552 68256 72144 68256 69552 -18032 -17696 -18704 -17696 -18032 

57024 58752 59616 58752 57024 -14784 -15232 -15456 -15232 -14784 

44064 45792 46224 45792 44064 -11424 -11872 -11984 -11872 -11424 

30067.2 31320 31579.2 31363.2 30067.2 -7795.2 -8120 -8187.2 -8131.2 -7795.2 

15120 15811.2 15897.6 15811.2 15163.2 -3920 -4099.2 -4121.6 -4099.2 -3931.2 

-173.664 -172.8 -226.8 -172.8 -183.6 45.024 44.8 58.8 44.8 47.6 

 
 

Load Case BA6 
Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

449.28 462.24 411.264 453.6 453.6 -116.48 -119.84 -106.624 -117.6 -117.6 

1425.6 1084.32 1067.04 1075.68 1425.6 -369.6 -281.12 -276.64 -278.88 -369.6 

4968 1948.32 4000.32 3088.8 4968 -1288 -505.12 -1037.12 -800.8 -1288 

33134.4 41428.8 36244.8 38793.6 33134.4 -8590.4 -10740.8 -9396.8 -10057.6 -8590.4 

23976 25876.8 25963.2 26006.4 23976 -6216 -6708.8 -6731.2 -6742.4 -6216 

10540.8 11707.2 11232 11707.2 10540.8 -2732.8 -3035.2 -2912 -3035.2 -2732.8 

0 0 0 0 0 0 0 0 0 0 

540 412.56 402.624 408.672 540 -140 -106.96 -104.384 -105.952 -140 
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-11534.4 -11966.4 -12052.8 -11966.4 -11534.4 2990.4 3102.4 3124.8 3102.4 2990.4 

-24537.6 -26438.4 -26438.4 -26568 -24537.6 6361.6 6854.4 6854.4 6888 6361.6 

-33566.4 -42163.2 -36892.8 -39571.2 -33566.4 8702.4 10931.2 9564.8 10259.2 8702.4 

-4242.24 -1045.44 -3296.16 -2285.28 -4242.24 1099.84 271.04 854.56 592.48 1099.84 

-1261.44 -946.08 -946.08 -933.12 -1261.44 327.04 245.28 245.28 241.92 327.04 

-470.88 -505.44 -492.48 -501.12 -466.56 122.08 131.04 127.68 129.92 120.96 

-237.6 -269.136 -270 -266.976 -233.28 61.6 69.776 70 69.216 60.48 

 
 

Load Case BA7 
Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-30110.4 -31363.2 -31838.4 -31363.2 -30153.6 7806.4 8131.2 8254.4 8131.2 7817.6 

-44064 -45792 -46656 -45792 -44064 11424 11872 12096 11872 11424 

-56592 -58752 -59616 -58752 -56592 14672 15232 15456 15232 14672 

-68688 -68688 -72144 -68688 -68688 17808 17808 18704 17808 17808 

-36028.8 -56592 -45360 -56592 -36115.2 9340.8 14672 11760 14672 9363.2 

-75600 -56592 -68688 -56592 -75600 19600 14672 17808 14672 19600 

-56160 -37108.8 -49248 -37195.2 -56160 14560 9620.8 12768 9643.2 14560 

-52272 6523.2 -20865.6 6912 -52272 13552 -1691.2 5409.6 -1792 13552 

71280 35856 53136 35769.6 71280 -18480 -9296 -13776 -9273.6 -18480 

93312 67392 82512 67392 93312 -24192 -17472 -21392 -17472 -24192 

57456 67392 61344 67392 57456 -14896 -17472 -15904 -17472 -14896 

67824 69120 71712 69120 67824 -17584 -17920 -18592 -17920 -17584 

56592 58752 59616 58752 56592 -14672 -15232 -15456 -15232 -14672 

44064 45792 46224 45792 44064 -11424 -11872 -11984 -11872 -11424 

30110.4 31320 31665.6 31320 30110.4 -7806.4 -8120 -8209.6 -8120 -7806.4 

15336 15897.6 16027.2 15897.6 15292.8 -3976 -4121.6 -4155.2 -4121.6 -3964.8 

62.64 43.2 -10.8 32.4 42.12 -16.24 -11.2 2.8 -8.4 -10.92 

 
 

Load Case BA8 
Bolt Forces 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-125.28 -42.12 -203.04 -77.76 -158.976 32.48 10.92 52.64 20.16 41.216 

-5.4 -319.68 -622.08 -415.584 -46.224 1.4 82.88 161.28 107.744 11.984 

1563.84 -3697.92 -453.6 -2237.76 1494.72 -405.44 958.72 117.6 580.16 -387.52 

38016 48816 41472 45792 37843.2 -9856 -12656 -10752 -11872 -9811.2 

31060.8 33523.2 33782.4 33652.8 30931.2 -8052.8 -8691.2 -8758.4 -8724.8 -8019.2 

15940.8 19224 17841.6 19180.8 15854.4 -4132.8 -4984 -4625.6 -4972.8 -4110.4 

7905.6 9460.8 8769.6 9417.6 7776 -2049.6 -2452.8 -2273.6 -2441.6 -2016 

479.52 316.224 322.704 319.68 235.872 -124.32 -81.984 -83.664 -82.88 -61.152 

-5313.6 -7992 -6739.2 -7992 -5313.6 1377.6 2072 1747.2 2072 1377.6 

-19656 -20520 -20520 -20606.4 -19699.2 5096 5320 5320 5342.4 5107.2 

-33004.8 -35899.2 -35812.8 -36115.2 -33048 8556.8 9307.2 9284.8 9363.2 8568 

-39657.6 -51840 -43632 -48384 -39657.6 10281.6 13440 11312 12544 10281.6 

1291.68 7646.4 3762.72 5961.6 1265.76 -334.88 -1982.4 -975.52 -1545.6 -328.16 
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743.04 915.84 1317.6 1036.8 712.8 -192.64 -237.44 -341.6 -268.8 -184.8 

51.84 -157.68 -34.56 -140.4 23.76 -13.44 40.88 8.96 36.4 -6.16 
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Appendix 5 
Girder Bolt Normal Stress 

 
 

Load Case BA1 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-45.68 -46.39 -48.39 -46.39 -45.78 11.84 12.03 12.55 12.03 11.87 

-66.32 -66.72 -70.13 -66.82 -66.42 17.19 17.30 18.18 17.32 17.22 

-84.36 -83.45 -89.27 -83.76 -84.46 21.87 21.64 23.14 21.71 21.90 

-92.17 -90.37 -113.21 -91.07 -92.87 23.90 23.43 29.35 23.61 24.08 

54.50 71.03 187.35 69.93 53.60 -14.13 -18.42 -48.57 -18.13 -13.90 

124.23 118.22 -38.77 118.22 124.23 -32.21 -30.65 10.05 -30.65 -32.21 

296.55 312.58 244.45 316.59 296.55 -76.88 -81.04 -63.38 -82.08 -76.88 

383.71 400.74 360.67 403.75 383.71 -99.48 -103.90 -93.51 -104.68 -99.48 

404.75 424.79 422.78 425.79 405.75 -104.94 -110.13 -109.61 -110.39 -105.19 

348.65 366.68 366.68 366.68 348.65 -90.39 -95.06 -95.06 -95.06 -90.39 

269.50 282.52 281.52 282.52 269.50 -69.87 -73.25 -72.99 -73.25 -69.87 

193.36 202.37 201.37 202.37 193.36 -50.13 -52.47 -52.21 -52.47 -50.13 

121.22 127.24 126.23 127.24 121.22 -31.43 -32.99 -32.73 -32.99 -31.43 

55.60 58.31 57.71 58.31 55.60 -14.42 -15.12 -14.96 -15.12 -14.42 

-3.85 -4.17 -4.66 -4.19 -3.82 1.00 1.08 1.21 1.09 0.99 

-56.30 -59.21 -59.61 -59.31 -56.30 14.60 15.35 15.45 15.38 14.60 

-101.19 -106.20 -106.20 -106.20 -101.19 26.23 27.53 27.53 27.53 26.23 

-138.26 -145.27 -145.27 -145.27 -138.26 35.84 37.66 37.66 37.66 35.84 

-167.31 -175.32 -176.33 -176.33 -167.31 43.38 45.45 45.71 45.71 43.38 

-188.35 -197.37 -198.37 -197.37 -188.35 48.83 51.17 51.43 51.17 48.83 

-201.37 -211.39 -211.39 -211.39 -201.37 52.21 54.81 54.81 54.81 52.21 

-206.38 -217.40 -217.40 -217.40 -206.38 53.51 56.36 56.36 56.36 53.51 

-204.38 -214.40 -215.40 -214.40 -204.38 52.99 55.58 55.84 55.58 52.99 

-195.36 -205.38 -205.38 -205.38 -195.36 50.65 53.25 53.25 53.25 50.65 

-180.33 -189.35 -189.35 -189.35 -180.33 46.75 49.09 49.09 49.09 46.75 

-159.29 -166.31 -167.31 -166.31 -159.29 41.30 43.12 43.38 43.12 41.30 

-133.25 -140.26 -140.26 -140.26 -133.25 34.55 36.36 36.36 36.36 34.55 

-103.19 -108.20 -108.20 -108.20 -103.19 26.75 28.05 28.05 28.05 26.75 

-70.73 -74.24 -74.34 -74.24 -70.73 18.34 19.25 19.27 19.25 18.34 

-35.67 -37.57 -37.77 -37.57 -35.67 9.25 9.74 9.79 9.74 9.25 

0.09 0.10 0.12 0.10 0.09 -0.02 -0.03 -0.03 -0.03 -0.02 

35.77 37.77 38.07 37.77 35.77 -9.27 -9.79 -9.87 -9.79 -9.27 

70.93 74.34 74.64 74.44 70.83 -18.39 -19.27 -19.35 -19.30 -18.36 

104.19 108.20 108.20 108.20 104.19 -27.01 -28.05 -28.05 -28.05 -27.01 

133.25 140.26 140.26 140.26 133.25 -34.55 -36.36 -36.36 -36.36 -34.55 

159.29 167.31 167.31 167.31 159.29 -41.30 -43.38 -43.38 -43.38 -41.30 

180.33 189.35 189.35 189.35 180.33 -46.75 -49.09 -49.09 -49.09 -46.75 

195.36 205.38 205.38 205.38 195.36 -50.65 -53.25 -53.25 -53.25 -50.65 

205.38 214.40 215.40 214.40 204.38 -53.25 -55.58 -55.84 -55.58 -52.99 

207.38 217.40 217.40 217.40 207.38 -53.77 -56.36 -56.36 -56.36 -53.77 
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201.37 211.39 212.39 211.39 201.37 -52.21 -54.81 -55.06 -54.81 -52.21 

188.35 198.37 198.37 198.37 188.35 -48.83 -51.43 -51.43 -51.43 -48.83 

168.31 176.33 176.33 176.33 167.31 -43.64 -45.71 -45.71 -45.71 -43.38 

138.26 146.27 146.27 146.27 139.26 -35.84 -37.92 -37.92 -37.92 -36.10 

102.19 107.20 107.20 107.20 101.19 -26.49 -27.79 -27.79 -27.79 -26.23 

56.81 59.71 60.21 59.81 56.81 -14.73 -15.48 -15.61 -15.51 -14.73 

4.31 4.63 5.30 4.69 4.27 -1.12 -1.20 -1.37 -1.22 -1.11 

-55.20 -57.81 -57.01 -57.81 -55.20 14.31 14.99 14.78 14.99 14.31 

-121.22 -127.24 -126.23 -127.24 -121.22 31.43 32.99 32.73 32.99 31.43 

-192.36 -202.37 -201.37 -202.37 -192.36 49.87 52.47 52.21 52.47 49.87 

-269.50 -282.52 -280.52 -282.52 -268.50 69.87 73.25 72.73 73.25 69.61 

-348.65 -366.68 -366.68 -366.68 -348.65 90.39 95.06 95.06 95.06 90.39 

-404.75 -423.78 -422.78 -425.79 -404.75 104.94 109.87 109.61 110.39 104.94 

-382.71 -400.74 -361.67 -404.75 -382.71 99.22 103.90 93.77 104.94 99.22 

-294.55 -313.58 -246.46 -317.59 -294.55 76.36 81.30 63.90 82.34 76.36 

-124.23 -121.22 32.56 -122.23 -124.23 32.21 31.43 -8.44 31.69 32.21 

-55.90 -70.63 -187.35 -69.83 -56.30 14.49 18.31 48.57 18.10 14.60 

92.07 90.87 113.21 92.07 91.77 -23.87 -23.56 -29.35 -23.87 -23.79 

84.46 84.36 88.76 84.36 84.46 -21.90 -21.87 -23.01 -21.87 -21.90 

66.52 67.32 69.53 67.32 66.62 -17.25 -17.45 -18.03 -17.45 -17.27 

45.88 46.69 47.89 46.79 45.88 -11.90 -12.10 -12.42 -12.13 -11.90 

23.54 24.04 24.35 24.04 23.44 -6.10 -6.23 -6.31 -6.23 -6.08 

 
 

Load Case BA2 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1     FB2     

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-56.40 -57.81 -59.51 -57.81 -56.40 14.62 14.99 15.43 14.99 14.62 

-82.15 -83.86 -86.56 -83.86 -82.25 21.30 21.74 22.44 21.74 21.32 

-106.20 -106.20 -111.21 -106.20 -106.20 27.53 27.53 28.83 27.53 27.53 

-133.25 -114.21 -136.25 -114.21 -133.25 34.55 29.61 35.32 29.61 34.55 

292.54 96.98 213.40 96.58 291.54 -75.84 -25.14 -55.32 -25.04 -75.58 

-3.74 146.27 68.83 146.27 -3.69 0.97 -37.92 -17.84 -37.92 0.96 

169.31 286.53 229.42 286.53 169.31 -43.90 -74.29 -59.48 -74.29 -43.90 

295.55 390.72 347.64 390.72 295.55 -76.62 -101.30 -90.13 -101.30 -76.62 

388.72 446.83 424.79 447.83 388.72 -100.78 -115.84 -110.13 -116.10 -100.78 

417.77 434.81 439.81 435.81 417.77 -108.31 -112.73 -114.03 -112.99 -108.31 

340.63 357.66 356.66 357.66 340.63 -88.31 -92.73 -92.47 -92.73 -88.31 

266.49 279.52 279.52 280.52 266.49 -69.09 -72.47 -72.47 -72.73 -69.09 

196.36 206.38 206.38 206.38 197.37 -50.91 -53.51 -53.51 -53.51 -51.17 

132.24 139.26 138.26 139.26 132.24 -34.29 -36.10 -35.84 -36.10 -34.29 

73.24 76.84 76.54 76.84 73.24 -18.99 -19.92 -19.84 -19.92 -18.99 

20.44 21.34 21.14 21.44 20.44 -5.30 -5.53 -5.48 -5.56 -5.30 

-25.65 -26.95 -27.15 -26.95 -25.55 6.65 6.99 7.04 6.99 6.62 

-64.52 -67.83 -67.93 -67.83 -64.42 16.73 17.58 17.61 17.58 16.70 

-96.38 -101.19 -101.19 -101.19 -96.08 24.99 26.23 26.23 26.23 24.91 

-120.22 -126.23 -126.23 -126.23 -120.22 31.17 32.73 32.73 32.73 31.17 

-137.25 -144.27 -144.27 -144.27 -137.25 35.58 37.40 37.40 37.40 35.58 

-147.27 -154.29 -154.29 -154.29 -147.27 38.18 40.00 40.00 40.00 38.18 
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-150.28 -157.29 -157.29 -157.29 -150.28 38.96 40.78 40.78 40.78 38.96 

-146.27 -153.28 -154.29 -153.28 -146.27 37.92 39.74 40.00 39.74 37.92 

-137.25 -144.27 -144.27 -144.27 -137.25 35.58 37.40 37.40 37.40 35.58 

-122.23 -129.24 -128.24 -128.24 -122.23 31.69 33.51 33.25 33.25 31.69 

-104.19 -108.20 -108.20 -108.20 -104.19 27.01 28.05 28.05 28.05 27.01 

-81.05 -85.06 -85.26 -85.06 -81.05 21.01 22.05 22.10 22.05 21.01 

-55.60 -58.31 -58.31 -58.31 -55.60 14.42 15.12 15.12 15.12 14.42 

-27.55 -29.55 -29.55 -29.55 -27.65 7.14 7.66 7.66 7.66 7.17 

0.20 0.17 0.18 0.17 0.20 -0.05 -0.04 -0.05 -0.04 -0.05 

27.85 29.86 29.96 29.96 27.85 -7.22 -7.74 -7.77 -7.77 -7.22 

55.90 58.61 58.81 58.71 55.90 -14.49 -15.19 -15.25 -15.22 -14.49 

81.35 85.46 85.56 85.46 81.35 -21.09 -22.16 -22.18 -22.16 -21.09 

104.19 109.20 109.20 109.20 104.19 -27.01 -28.31 -28.31 -28.31 -27.01 

123.23 129.24 129.24 129.24 122.23 -31.95 -33.51 -33.51 -33.51 -31.69 

137.25 144.27 144.27 144.27 137.25 -35.58 -37.40 -37.40 -37.40 -35.58 

146.27 154.29 154.29 154.29 147.27 -37.92 -40.00 -40.00 -40.00 -38.18 

150.28 157.29 157.29 157.29 150.28 -38.96 -40.78 -40.78 -40.78 -38.96 

147.27 154.29 154.29 154.29 147.27 -38.18 -40.00 -40.00 -40.00 -38.18 

137.25 144.27 144.27 144.27 137.25 -35.58 -37.40 -37.40 -37.40 -35.58 

121.22 127.24 126.23 127.24 120.22 -31.43 -32.99 -32.73 -32.99 -31.17 

96.78 101.19 101.19 101.19 96.48 -25.09 -26.23 -26.23 -26.23 -25.01 

64.92 68.33 68.53 68.33 64.92 -16.83 -17.71 -17.77 -17.71 -16.83 

26.05 27.35 27.65 27.35 25.95 -6.75 -7.09 -7.17 -7.09 -6.73 

-20.04 -20.94 -20.64 -20.94 -20.04 5.19 5.43 5.35 5.43 5.19 

-72.83 -76.44 -76.04 -76.44 -72.83 18.88 19.82 19.71 19.82 18.88 

-131.24 -138.26 -138.26 -138.26 -132.24 34.03 35.84 35.84 35.84 34.29 

-196.36 -206.38 -206.38 -206.38 -196.36 50.91 53.51 53.51 53.51 50.91 

-266.49 -279.52 -279.52 -279.52 -266.49 69.09 72.47 72.47 72.47 69.09 

-339.63 -357.66 -356.66 -357.66 -339.63 88.05 92.73 92.47 92.73 88.05 

-416.77 -435.81 -438.81 -435.81 -416.77 108.05 112.99 113.77 112.99 108.05 

-393.73 -448.83 -425.79 -448.83 -393.73 102.08 116.36 110.39 116.36 102.08 

-302.56 -393.73 -350.65 -393.73 -301.56 78.44 102.08 90.91 102.08 78.18 

-175.32 -289.54 -233.43 -289.54 -175.32 45.45 75.06 60.52 75.06 45.45 

-0.20 -147.27 -70.73 -147.27 0.30 0.05 38.18 18.34 38.18 -0.08 

-286.53 -93.17 -206.38 -93.37 -286.53 74.29 24.16 53.51 24.21 74.29 

133.25 114.21 135.25 115.21 133.25 -34.55 -29.61 -35.06 -29.87 -34.55 

105.19 106.20 110.20 106.20 105.19 -27.27 -27.53 -28.57 -27.53 -27.27 

81.75 83.96 85.86 84.06 81.85 -21.19 -21.77 -22.26 -21.79 -21.22 

55.90 57.81 58.91 57.91 56.00 -14.49 -14.99 -15.27 -15.01 -14.52 

28.35 29.45 29.86 29.45 28.45 -7.35 -7.64 -7.74 -7.64 -7.38 

 
 

Load Case BA3 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-70.33 -72.83 -74.14 -72.83 -70.33 18.23 18.88 19.22 18.88 18.23 

-103.19 -106.20 -108.20 -106.20 -103.19 26.75 27.53 28.05 27.53 26.75 

-133.25 -136.25 -139.26 -136.25 -133.25 34.55 35.32 36.10 35.32 34.55 
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-164.30 -154.29 -170.32 -154.29 -164.30 42.60 40.00 44.16 40.00 42.60 

123.23 -16.53 66.92 -16.73 123.23 -31.95 4.29 -17.35 4.34 -31.95 

-107.20 12.82 -50.69 12.92 -107.20 27.79 -3.32 13.14 -3.35 27.79 

36.97 125.23 81.35 125.23 36.57 -9.58 -32.47 -21.09 -32.47 -9.48 

141.26 205.38 175.32 206.38 141.26 -36.62 -53.25 -45.45 -53.51 -36.62 

210.39 243.45 228.42 243.45 210.39 -54.55 -63.12 -59.22 -63.12 -54.55 

219.41 228.42 231.43 229.42 219.41 -56.88 -59.22 -60.00 -59.48 -56.88 

164.30 172.32 172.32 173.32 164.30 -42.60 -44.68 -44.68 -44.94 -42.60 

114.21 120.22 119.22 120.22 114.21 -29.61 -31.17 -30.91 -31.17 -29.61 

69.93 73.54 73.14 73.54 69.93 -18.13 -19.06 -18.96 -19.06 -18.13 

31.76 33.36 33.06 33.26 31.66 -8.23 -8.65 -8.57 -8.62 -8.21 

0.13 0.11 -0.13 0.10 0.14 -0.03 -0.03 0.03 -0.02 -0.04 

-24.55 -25.75 -25.95 -25.75 -24.45 6.36 6.68 6.73 6.68 6.34 

-41.88 -44.08 -44.28 -44.08 -41.88 10.86 11.43 11.48 11.43 10.86 

-52.00 -54.70 -54.80 -54.70 -52.00 13.48 14.18 14.21 14.18 13.48 

-55.00 -57.81 -57.91 -57.81 -54.90 14.26 14.99 15.01 14.99 14.23 

-50.89 -53.60 -53.80 -53.60 -50.89 13.19 13.90 13.95 13.90 13.19 
-40.27 -42.38 -42.48 -42.38 -40.27 10.44 10.99 11.01 10.99 10.44 
-23.34 -24.65 -24.75 -24.65 -23.34 6.05 6.39 6.42 6.39 6.05 
-1.27 -0.98 -0.99 -0.99 -1.26 0.33 0.26 0.26 0.26 0.33 
21.64 22.84 23.04 22.94 21.64 -5.61 -5.92 -5.97 -5.95 -5.61 
38.77 40.88 40.98 40.88 38.77 -10.05 -10.60 -10.62 -10.60 -10.05 
49.69 52.30 52.40 52.40 49.69 -12.88 -13.56 -13.58 -13.58 -12.88 
54.00 56.81 57.01 56.81 54.00 -14.00 -14.73 -14.78 -14.73 -14.00 
51.29 54.00 54.20 54.10 51.29 -13.30 -14.00 -14.05 -14.03 -13.30 
41.38 43.58 43.88 43.58 41.48 -10.73 -11.30 -11.38 -11.30 -10.75 
24.24 25.55 25.95 25.65 24.24 -6.29 -6.62 -6.73 -6.65 -6.29 
-0.01 0.03 0.39 0.05 -0.01 0.00 -0.01 -0.10 -0.01 0.00 
-31.26 -32.86 -32.46 -32.86 -31.36 8.10 8.52 8.42 8.52 8.13 
-69.23 -72.83 -72.23 -72.94 -69.23 17.95 18.88 18.73 18.91 17.95 
-113.21 -119.22 -118.22 -119.22 -113.21 29.35 30.91 30.65 30.91 29.35 
-163.30 -171.32 -170.32 -171.32 -163.30 42.34 44.42 44.16 44.42 42.34 
-217.40 -227.42 -229.42 -228.42 -217.40 56.36 58.96 59.48 59.22 56.36 
-213.40 -242.45 -227.42 -243.45 -213.40 55.32 62.86 58.96 63.12 55.32 
-145.27 -206.38 -175.32 -206.38 -145.27 37.66 53.51 45.45 53.51 37.66 
-40.58 -126.23 -82.55 -126.23 -40.07 10.52 32.73 21.40 32.73 10.39 
105.19 -12.32 49.89 -12.62 105.19 -27.27 3.19 -12.94 3.27 -27.27 
-117.22 20.34 -60.11 20.24 -118.22 30.39 -5.27 15.58 -5.25 30.65 
165.31 155.29 169.31 155.29 164.30 -42.86 -40.26 -43.90 -40.26 -42.60 
133.25 136.25 139.26 136.25 133.25 -34.55 -35.32 -36.10 -35.32 -34.55 
103.19 106.20 108.20 106.20 103.19 -26.75 -27.53 -28.05 -27.53 -26.75 
70.33 73.04 73.94 73.14 70.33 -18.23 -18.94 -19.17 -18.96 -18.23 
35.77 37.17 37.57 37.27 35.77 -9.27 -9.64 -9.74 -9.66 -9.27 

 
 

Load Case BA4 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
-70.83 -73.74 -74.54 -73.74 -70.83 18.36 19.12 19.32 19.12 18.36 
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-103.19 -107.20 -109.20 -107.20 -103.19 26.75 27.79 28.31 27.79 26.75 
-133.25 -137.25 -139.26 -137.25 -133.25 34.55 35.58 36.10 35.58 34.55 
-162.30 -158.29 -169.31 -158.29 -162.30 42.08 41.04 43.90 41.04 42.08 
22.34 -73.84 -18.33 -73.94 22.04 -5.79 19.14 4.75 19.17 -5.71 

-137.25 -59.31 -102.19 -59.31 -136.25 35.58 15.38 26.49 15.38 35.32 
-42.28 13.53 -16.23 13.73 -42.48 10.96 -3.51 4.21 -3.56 11.01 
27.25 66.42 45.78 66.72 27.05 -7.06 -17.22 -11.87 -17.30 -7.01 
74.34 93.07 83.45 93.27 74.24 -19.27 -24.13 -21.64 -24.18 -19.25 
85.06 88.06 89.87 88.26 85.06 -22.05 -22.83 -23.30 -22.88 -22.05 
55.10 58.11 57.61 58.21 55.10 -14.29 -15.06 -14.94 -15.09 -14.29 
31.46 33.26 32.76 33.26 31.46 -8.16 -8.62 -8.49 -8.62 -8.16 
14.23 15.03 14.63 15.03 14.33 -3.69 -3.90 -3.79 -3.90 -3.71 
3.70 3.94 3.63 3.93 3.70 -0.96 -1.02 -0.94 -1.02 -0.96 
0.02 -0.02 0.04 -0.02 0.02 -0.01 0.01 -0.01 0.01 -0.01 
-3.40 -3.66 -3.30 -3.65 -3.41 0.88 0.95 0.85 0.95 0.88 
-13.73 -14.53 -14.03 -14.53 -13.73 3.56 3.77 3.64 3.77 3.56 
-30.66 -32.46 -31.76 -32.46 -30.66 7.95 8.42 8.23 8.42 7.95 
-54.00 -57.11 -56.30 -57.11 -54.00 14.00 14.81 14.60 14.81 14.00 
-83.45 -86.96 -88.36 -87.16 -83.45 21.64 22.55 22.91 22.60 21.64 
-76.24 -92.67 -82.55 -92.87 -76.24 19.77 24.03 21.40 24.08 19.77 
-29.86 -66.82 -46.09 -67.02 -29.76 7.74 17.32 11.95 17.38 7.71 
39.67 -14.23 15.23 -14.43 39.77 -10.29 3.69 -3.95 3.74 -10.31 
134.25 59.31 101.19 59.11 135.25 -34.81 -15.38 -26.23 -15.32 -35.06 
-18.53 75.74 22.34 75.74 -18.53 4.81 -19.64 -5.79 -19.64 4.81 
161.30 158.29 167.31 158.29 161.30 -41.82 -41.04 -43.38 -41.04 -41.82 
132.24 136.25 138.26 136.25 132.24 -34.29 -35.32 -35.84 -35.32 -34.29 
102.19 106.20 107.20 106.20 102.19 -26.49 -27.53 -27.79 -27.53 -26.49 
69.73 72.63 73.24 72.73 69.73 -18.08 -18.83 -18.99 -18.86 -18.08 
35.06 36.67 36.87 36.67 35.17 -9.09 -9.51 -9.56 -9.51 -9.12 

 
 

Load Case BA6 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

1.04 1.07 0.95 1.05 1.05 -0.27 -0.28 -0.25 -0.27 -0.27 

3.31 2.51 2.47 2.49 3.31 -0.86 -0.65 -0.64 -0.65 -0.86 

11.52 4.52 9.28 7.16 11.52 -2.99 -1.17 -2.41 -1.86 -2.99 

76.84 96.08 84.06 89.97 76.84 -19.92 -24.91 -21.79 -23.32 -19.92 

55.60 60.01 60.21 60.31 55.60 -14.42 -15.56 -15.61 -15.64 -14.42 

24.45 27.15 26.05 27.15 24.45 -6.34 -7.04 -6.75 -7.04 -6.34 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1.25 0.96 0.93 0.95 1.25 -0.32 -0.25 -0.24 -0.25 -0.32 

-26.75 -27.75 -27.95 -27.75 -26.75 6.94 7.19 7.25 7.19 6.94 

-56.91 -61.31 -61.31 -61.61 -56.91 14.75 15.90 15.90 15.97 14.75 

-77.84 -97.78 -85.56 -91.77 -77.84 20.18 25.35 22.18 23.79 20.18 

-9.84 -2.42 -7.64 -5.30 -9.84 2.55 0.63 1.98 1.37 2.55 

-2.93 -2.19 -2.19 -2.16 -2.93 0.76 0.57 0.57 0.56 0.76 

-1.09 -1.17 -1.14 -1.16 -1.08 0.28 0.30 0.30 0.30 0.28 

-0.55 -0.62 -0.63 -0.62 -0.54 0.14 0.16 0.16 0.16 0.14 
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Load Case BA7 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-69.83 -72.73 -73.84 -72.73 -69.93 18.10 18.86 19.14 18.86 18.13 

-102.19 -106.20 -108.20 -106.20 -102.19 26.49 27.53 28.05 27.53 26.49 

-131.24 -136.25 -138.26 -136.25 -131.24 34.03 35.32 35.84 35.32 34.03 

-159.29 -159.29 -167.31 -159.29 -159.29 41.30 41.30 43.38 41.30 41.30 

-83.55 -131.24 -105.19 -131.24 -83.76 21.66 34.03 27.27 34.03 21.71 

-175.32 -131.24 -159.29 -131.24 -175.32 45.45 34.03 41.30 34.03 45.45 

-130.24 -86.06 -114.21 -86.26 -130.24 33.77 22.31 29.61 22.36 33.77 

-121.22 15.13 -48.39 16.03 -121.22 31.43 -3.92 12.55 -4.16 31.43 

165.31 83.15 123.23 82.95 165.31 -42.86 -21.56 -31.95 -21.51 -42.86 

216.40 156.29 191.35 156.29 216.40 -56.10 -40.52 -49.61 -40.52 -56.10 

133.25 156.29 142.26 156.29 133.25 -34.55 -40.52 -36.88 -40.52 -34.55 

157.29 160.30 166.31 160.30 157.29 -40.78 -41.56 -43.12 -41.56 -40.78 

131.24 136.25 138.26 136.25 131.24 -34.03 -35.32 -35.84 -35.32 -34.03 

102.19 106.20 107.20 106.20 102.19 -26.49 -27.53 -27.79 -27.53 -26.49 

69.83 72.63 73.44 72.63 69.83 -18.10 -18.83 -19.04 -18.83 -18.10 

35.57 36.87 37.17 36.87 35.47 -9.22 -9.56 -9.64 -9.56 -9.19 

 
 

Load Case BA8 
Normal Stress in Bolts (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-0.29 -0.10 -0.47 -0.18 -0.37 0.08 0.03 0.12 0.05 0.10 

-0.01 -0.74 -1.44 -0.96 -0.11 0.00 0.19 0.37 0.25 0.03 

3.63 -8.58 -1.05 -5.19 3.47 -0.94 2.22 0.27 1.35 -0.90 

88.16 113.21 96.18 106.20 87.76 -22.86 -29.35 -24.94 -27.53 -22.75 

72.03 77.74 78.35 78.04 71.73 -18.68 -20.16 -20.31 -20.23 -18.60 

36.97 44.58 41.38 44.48 36.77 -9.58 -11.56 -10.73 -11.53 -9.53 

18.33 21.94 20.34 21.84 18.03 -4.75 -5.69 -5.27 -5.66 -4.68 

1.11 0.73 0.75 0.74 0.55 -0.29 -0.19 -0.19 -0.19 -0.14 

-12.32 -18.53 -15.63 -18.53 -12.32 3.19 4.81 4.05 4.81 3.19 

-45.58 -47.59 -47.59 -47.79 -45.68 11.82 12.34 12.34 12.39 11.84 

-76.54 -83.25 -83.05 -83.76 -76.64 19.84 21.58 21.53 21.71 19.87 

-91.97 -120.22 -101.19 -112.21 -91.97 23.84 31.17 26.23 29.09 23.84 

3.00 17.73 8.73 13.83 2.94 -0.78 -4.60 -2.26 -3.58 -0.76 

1.72 2.12 3.06 2.40 1.65 -0.45 -0.55 -0.79 -0.62 -0.43 

0.12 -0.37 -0.08 -0.33 0.06 -0.03 0.09 0.02 0.08 -0.01 
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Appendix 6 
Girder Thread Shear Stress 

 
Load Case BA1 

Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-8.64 -8.78 -9.15 -8.78 -8.66 2.24 2.28 2.37 2.28 2.25 

-12.55 -12.62 -13.27 -12.64 -12.57 3.25 3.27 3.44 3.28 3.26 

-15.96 -15.79 -16.89 -15.85 -15.98 4.14 4.09 4.38 4.11 4.14 

-17.44 -17.10 -21.42 -17.23 -17.57 4.52 4.43 5.55 4.47 4.56 

10.31 13.44 35.44 13.23 10.14 -2.67 -3.48 -9.19 -3.43 -2.63 

23.50 22.37 -7.34 22.37 23.50 -6.09 -5.80 1.90 -5.80 -6.09 

56.10 59.14 46.25 59.89 56.10 -14.55 -15.33 -11.99 -15.53 -14.55 

72.59 75.82 68.23 76.38 72.59 -18.82 -19.66 -17.69 -19.80 -18.82 

76.57 80.37 79.99 80.55 76.76 -19.85 -20.84 -20.74 -20.88 -19.90 

65.96 69.37 69.37 69.37 65.96 -17.10 -17.99 -17.99 -17.99 -17.10 

50.99 53.45 53.26 53.45 50.99 -13.22 -13.86 -13.81 -13.86 -13.22 

36.58 38.29 38.10 38.29 36.58 -9.48 -9.93 -9.88 -9.93 -9.48 

22.93 24.07 23.88 24.07 22.93 -5.95 -6.24 -6.19 -6.24 -5.95 

10.52 11.03 10.92 11.03 10.52 -2.73 -2.86 -2.83 -2.86 -2.73 

-0.73 -0.79 -0.88 -0.79 -0.72 0.19 0.20 0.23 0.21 0.19 

-10.65 -11.20 -11.28 -11.22 -10.65 2.76 2.90 2.92 2.91 2.76 

-19.14 -20.09 -20.09 -20.09 -19.14 4.96 5.21 5.21 5.21 4.96 

-26.16 -27.48 -27.48 -27.48 -26.16 6.78 7.13 7.13 7.13 6.78 

-31.65 -33.17 -33.36 -33.36 -31.65 8.21 8.60 8.65 8.65 8.21 

-35.63 -37.34 -37.53 -37.34 -35.63 9.24 9.68 9.73 9.68 9.24 

-38.10 -39.99 -39.99 -39.99 -38.10 9.88 10.37 10.37 10.37 9.88 

-39.05 -41.13 -41.13 -41.13 -39.05 10.12 10.66 10.66 10.66 10.12 

-38.67 -40.56 -40.75 -40.56 -38.67 10.02 10.52 10.57 10.52 10.02 

-36.96 -38.86 -38.86 -38.86 -36.96 9.58 10.07 10.07 10.07 9.58 

-34.12 -35.82 -35.82 -35.82 -34.12 8.85 9.29 9.29 9.29 8.85 

-30.14 -31.46 -31.65 -31.46 -30.14 7.81 8.16 8.21 8.16 7.81 

-25.21 -26.54 -26.54 -26.54 -25.21 6.54 6.88 6.88 6.88 6.54 

-19.52 -20.47 -20.47 -20.47 -19.52 5.06 5.31 5.31 5.31 5.06 

-13.38 -14.04 -14.06 -14.04 -13.38 3.47 3.64 3.65 3.64 3.47 

-6.75 -7.11 -7.15 -7.11 -6.75 1.75 1.84 1.85 1.84 1.75 

0.02 0.02 0.02 0.02 0.02 0.00 -0.01 -0.01 -0.01 0.00 

6.77 7.15 7.20 7.15 6.77 -1.75 -1.85 -1.87 -1.85 -1.75 

13.42 14.06 14.12 14.08 13.40 -3.48 -3.65 -3.66 -3.65 -3.47 

19.71 20.47 20.47 20.47 19.71 -5.11 -5.31 -5.31 -5.31 -5.11 

25.21 26.54 26.54 26.54 25.21 -6.54 -6.88 -6.88 -6.88 -6.54 

30.14 31.65 31.65 31.65 30.14 -7.81 -8.21 -8.21 -8.21 -7.81 

34.12 35.82 35.82 35.82 34.12 -8.85 -9.29 -9.29 -9.29 -8.85 

36.96 38.86 38.86 38.86 36.96 -9.58 -10.07 -10.07 -10.07 -9.58 

38.86 40.56 40.75 40.56 38.67 -10.07 -10.52 -10.57 -10.52 -10.02 

39.23 41.13 41.13 41.13 39.23 -10.17 -10.66 -10.66 -10.66 -10.17 

38.10 39.99 40.18 39.99 38.10 -9.88 -10.37 -10.42 -10.37 -9.88 

35.63 37.53 37.53 37.53 35.63 -9.24 -9.73 -9.73 -9.73 -9.24 
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31.84 33.36 33.36 33.36 31.65 -8.26 -8.65 -8.65 -8.65 -8.21 

26.16 27.67 27.67 27.67 26.35 -6.78 -7.17 -7.17 -7.17 -6.83 

19.33 20.28 20.28 20.28 19.14 -5.01 -5.26 -5.26 -5.26 -4.96 

10.75 11.30 11.39 11.32 10.75 -2.79 -2.93 -2.95 -2.93 -2.79 

0.82 0.88 1.00 0.89 0.81 -0.21 -0.23 -0.26 -0.23 -0.21 

-10.44 -10.94 -10.78 -10.94 -10.44 2.71 2.84 2.80 2.84 2.71 

-22.93 -24.07 -23.88 -24.07 -22.93 5.95 6.24 6.19 6.24 5.95 

-36.39 -38.29 -38.10 -38.29 -36.39 9.43 9.93 9.88 9.93 9.43 

-50.99 -53.45 -53.07 -53.45 -50.80 13.22 13.86 13.76 13.86 13.17 

-65.96 -69.37 -69.37 -69.37 -65.96 17.10 17.99 17.99 17.99 17.10 

-76.57 -80.18 -79.99 -80.55 -76.57 19.85 20.79 20.74 20.88 19.85 

-72.40 -75.82 -68.42 -76.57 -72.40 18.77 19.66 17.74 19.85 18.77 

-55.72 -59.33 -46.63 -60.08 -55.72 14.45 15.38 12.09 15.58 14.45 

-23.50 -22.93 6.16 -23.12 -23.50 6.09 5.95 -1.60 6.00 6.09 

-10.58 -13.36 -35.44 -13.21 -10.65 2.74 3.46 9.19 3.43 2.76 

17.42 17.19 21.42 17.42 17.36 -4.52 -4.46 -5.55 -4.52 -4.50 

15.98 15.96 16.79 15.96 15.98 -4.14 -4.14 -4.35 -4.14 -4.14 

12.59 12.74 13.15 12.74 12.60 -3.26 -3.30 -3.41 -3.30 -3.27 

8.68 8.83 9.06 8.85 8.68 -2.25 -2.29 -2.35 -2.29 -2.25 

4.45 4.55 4.61 4.55 4.44 -1.15 -1.18 -1.19 -1.18 -1.15 

 
 

Load Case BA2 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 

-10.67 -10.94 -11.26 -10.94 -10.67 2.77 2.84 2.92 2.84 2.77 

-15.54 -15.86 -16.38 -15.86 -15.56 4.03 4.11 4.25 4.11 4.03 

-20.09 -20.09 -21.04 -20.09 -20.09 5.21 5.21 5.45 5.21 5.21 

-25.21 -21.61 -25.78 -21.61 -25.21 6.54 5.60 6.68 5.60 6.54 

55.35 18.35 40.37 18.27 55.16 -14.35 -4.76 -10.47 -4.74 -14.30 

-0.71 27.67 13.02 27.67 -0.70 0.18 -7.17 -3.38 -7.17 0.18 

32.03 54.21 43.40 54.21 32.03 -8.30 -14.05 -11.25 -14.05 -8.30 

55.91 73.92 65.77 73.92 55.91 -14.50 -19.16 -17.05 -19.16 -14.50 

73.54 84.53 80.37 84.72 73.54 -19.07 -21.92 -20.84 -21.97 -19.07 

79.04 82.26 83.21 82.45 79.04 -20.49 -21.33 -21.57 -21.38 -20.49 

64.44 67.67 67.48 67.67 64.44 -16.71 -17.54 -17.49 -17.54 -16.71 

50.42 52.88 52.88 53.07 50.42 -13.07 -13.71 -13.71 -13.76 -13.07 

37.15 39.05 39.05 39.05 37.34 -9.63 -10.12 -10.12 -10.12 -9.68 

25.02 26.35 26.16 26.35 25.02 -6.49 -6.83 -6.78 -6.83 -6.49 

13.86 14.54 14.48 14.54 13.86 -3.59 -3.77 -3.75 -3.77 -3.59 

3.87 4.04 4.00 4.06 3.87 -1.00 -1.05 -1.04 -1.05 -1.00 

-4.85 -5.10 -5.14 -5.10 -4.83 1.26 1.32 1.33 1.32 1.25 

-12.21 -12.83 -12.85 -12.83 -12.19 3.16 3.33 3.33 3.33 3.16 

-18.23 -19.14 -19.14 -19.14 -18.18 4.73 4.96 4.96 4.96 4.71 

-22.74 -23.88 -23.88 -23.88 -22.74 5.90 6.19 6.19 6.19 5.90 

-25.97 -27.29 -27.29 -27.29 -25.97 6.73 7.08 7.08 7.08 6.73 

-27.86 -29.19 -29.19 -29.19 -27.86 7.22 7.57 7.57 7.57 7.22 

-28.43 -29.76 -29.76 -29.76 -28.43 7.37 7.71 7.71 7.71 7.37 

-27.67 -29.00 -29.19 -29.00 -27.67 7.17 7.52 7.57 7.52 7.17 
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-25.97 -27.29 -27.29 -27.29 -25.97 6.73 7.08 7.08 7.08 6.73 

-23.12 -24.45 -24.26 -24.26 -23.12 6.00 6.34 6.29 6.29 6.00 

-19.71 -20.47 -20.47 -20.47 -19.71 5.11 5.31 5.31 5.31 5.11 

-15.33 -16.09 -16.13 -16.09 -15.33 3.98 4.17 4.18 4.17 3.98 

-10.52 -11.03 -11.03 -11.03 -10.52 2.73 2.86 2.86 2.86 2.73 

-5.21 -5.59 -5.59 -5.59 -5.23 1.35 1.45 1.45 1.45 1.36 

0.04 0.03 0.03 0.03 0.04 -0.01 -0.01 -0.01 -0.01 -0.01 

5.27 5.65 5.67 5.67 5.27 -1.37 -1.46 -1.47 -1.47 -1.37 

10.58 11.09 11.13 11.11 10.58 -2.74 -2.87 -2.88 -2.88 -2.74 

15.39 16.17 16.19 16.17 15.39 -3.99 -4.19 -4.20 -4.19 -3.99 

19.71 20.66 20.66 20.66 19.71 -5.11 -5.36 -5.36 -5.36 -5.11 

23.31 24.45 24.45 24.45 23.12 -6.04 -6.34 -6.34 -6.34 -6.00 

25.97 27.29 27.29 27.29 25.97 -6.73 -7.08 -7.08 -7.08 -6.73 

27.67 29.19 29.19 29.19 27.86 -7.17 -7.57 -7.57 -7.57 -7.22 

28.43 29.76 29.76 29.76 28.43 -7.37 -7.71 -7.71 -7.71 -7.37 

27.86 29.19 29.19 29.19 27.86 -7.22 -7.57 -7.57 -7.57 -7.22 

25.97 27.29 27.29 27.29 25.97 -6.73 -7.08 -7.08 -7.08 -6.73 

22.93 24.07 23.88 24.07 22.74 -5.95 -6.24 -6.19 -6.24 -5.90 

18.31 19.14 19.14 19.14 18.25 -4.75 -4.96 -4.96 -4.96 -4.73 

12.28 12.93 12.96 12.93 12.28 -3.18 -3.35 -3.36 -3.35 -3.18 

4.93 5.17 5.23 5.17 4.91 -1.28 -1.34 -1.36 -1.34 -1.27 

-3.79 -3.96 -3.90 -3.96 -3.79 0.98 1.03 1.01 1.03 0.98 

-13.78 -14.46 -14.39 -14.46 -13.78 3.57 3.75 3.73 3.75 3.57 

-24.83 -26.16 -26.16 -26.16 -25.02 6.44 6.78 6.78 6.78 6.49 

-37.15 -39.05 -39.05 -39.05 -37.15 9.63 10.12 10.12 10.12 9.63 

-50.42 -52.88 -52.88 -52.88 -50.42 13.07 13.71 13.71 13.71 13.07 

-64.25 -67.67 -67.48 -67.67 -64.25 16.66 17.54 17.49 17.54 16.66 

-78.85 -82.45 -83.02 -82.45 -78.85 20.44 21.38 21.52 21.38 20.44 

-74.49 -84.91 -80.55 -84.91 -74.49 19.31 22.01 20.88 22.01 19.31 

-57.24 -74.49 -66.34 -74.49 -57.05 14.84 19.31 17.20 19.31 14.79 

-33.17 -54.78 -44.16 -54.78 -33.17 8.60 14.20 11.45 14.20 8.60 

-0.04 -27.86 -13.38 -27.86 0.06 0.01 7.22 3.47 7.22 -0.01 

-54.21 -17.63 -39.05 -17.67 -54.21 14.05 4.57 10.12 4.58 14.05 

25.21 21.61 25.59 21.80 25.21 -6.54 -5.60 -6.63 -5.65 -6.54 

19.90 20.09 20.85 20.09 19.90 -5.16 -5.21 -5.41 -5.21 -5.16 

15.47 15.88 16.24 15.90 15.49 -4.01 -4.12 -4.21 -4.12 -4.01 

10.58 10.94 11.14 10.96 10.60 -2.74 -2.84 -2.89 -2.84 -2.75 

5.36 5.57 5.65 5.57 5.38 -1.39 -1.44 -1.46 -1.44 -1.40 

 
 

Load Case BA3 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
-13.31 -13.78 -14.03 -13.78 -13.31 3.45 3.57 3.64 3.57 3.45 
-19.52 -20.09 -20.47 -20.09 -19.52 5.06 5.21 5.31 5.21 5.06 
-25.21 -25.78 -26.35 -25.78 -25.21 6.54 6.68 6.83 6.68 6.54 
-31.08 -29.19 -32.22 -29.19 -31.08 8.06 7.57 8.35 7.57 8.06 
23.31 -3.13 12.66 -3.17 23.31 -6.04 0.81 -3.28 0.82 -6.04 
-20.28 2.43 -9.59 2.45 -20.28 5.26 -0.63 2.49 -0.63 5.26 
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6.99 23.69 15.39 23.69 6.92 -1.81 -6.14 -3.99 -6.14 -1.79 
26.73 38.86 33.17 39.05 26.73 -6.93 -10.07 -8.60 -10.12 -6.93 
39.80 46.06 43.22 46.06 39.80 -10.32 -11.94 -11.20 -11.94 -10.32 
41.51 43.22 43.78 43.40 41.51 -10.76 -11.20 -11.35 -11.25 -10.76 
31.08 32.60 32.60 32.79 31.08 -8.06 -8.45 -8.45 -8.50 -8.06 
21.61 22.74 22.56 22.74 21.61 -5.60 -5.90 -5.85 -5.90 -5.60 
13.23 13.91 13.84 13.91 13.23 -3.43 -3.61 -3.59 -3.61 -3.43 
6.01 6.31 6.25 6.29 5.99 -1.56 -1.64 -1.62 -1.63 -1.55 
0.02 0.02 -0.03 0.02 0.03 -0.01 -0.01 0.01 0.00 -0.01 
-4.64 -4.87 -4.91 -4.87 -4.62 1.20 1.26 1.27 1.26 1.20 
-7.92 -8.34 -8.38 -8.34 -7.92 2.05 2.16 2.17 2.16 2.05 
-9.84 -10.35 -10.37 -10.35 -9.84 2.55 2.68 2.69 2.68 2.55 
-10.41 -10.94 -10.96 -10.94 -10.39 2.70 2.84 2.84 2.84 2.69 
-9.63 -10.14 -10.18 -10.14 -9.63 2.50 2.63 2.64 2.63 2.50 
-7.62 -8.02 -8.04 -8.02 -7.62 1.98 2.08 2.08 2.08 1.98 
-4.42 -4.66 -4.68 -4.66 -4.42 1.14 1.21 1.21 1.21 1.14 
-0.24 -0.19 -0.19 -0.19 -0.24 0.06 0.05 0.05 0.05 0.06 
4.09 4.32 4.36 4.34 4.09 -1.06 -1.12 -1.13 -1.13 -1.06 
7.34 7.73 7.75 7.73 7.34 -1.90 -2.00 -2.01 -2.00 -1.90 
9.40 9.89 9.91 9.91 9.40 -2.44 -2.57 -2.57 -2.57 -2.44 

10.22 10.75 10.78 10.75 10.22 -2.65 -2.79 -2.80 -2.79 -2.65 
9.70 10.22 10.25 10.24 9.70 -2.52 -2.65 -2.66 -2.65 -2.52 
7.83 8.24 8.30 8.24 7.85 -2.03 -2.14 -2.15 -2.14 -2.03 
4.59 4.83 4.91 4.85 4.59 -1.19 -1.25 -1.27 -1.26 -1.19 
0.00 0.01 0.07 0.01 0.00 0.00 0.00 -0.02 0.00 0.00 
-5.91 -6.22 -6.14 -6.22 -5.93 1.53 1.61 1.59 1.61 1.54 
-13.10 -13.78 -13.67 -13.80 -13.10 3.40 3.57 3.54 3.58 3.40 
-21.42 -22.56 -22.37 -22.56 -21.42 5.55 5.85 5.80 5.85 5.55 
-30.90 -32.41 -32.22 -32.41 -30.90 8.01 8.40 8.35 8.40 8.01 
-41.13 -43.03 -43.40 -43.22 -41.13 10.66 11.15 11.25 11.20 10.66 
-40.37 -45.87 -43.03 -46.06 -40.37 10.47 11.89 11.15 11.94 10.47 
-27.48 -39.05 -33.17 -39.05 -27.48 7.13 10.12 8.60 10.12 7.13 
-7.68 -23.88 -15.62 -23.88 -7.58 1.99 6.19 4.05 6.19 1.97 
19.90 -2.33 9.44 -2.39 19.90 -5.16 0.60 -2.45 0.62 -5.16 
-22.18 3.85 -11.37 3.83 -22.37 5.75 -1.00 2.95 -0.99 5.80 
31.27 29.38 32.03 29.38 31.08 -8.11 -7.62 -8.30 -7.62 -8.06 
25.21 25.78 26.35 25.78 25.21 -6.54 -6.68 -6.83 -6.68 -6.54 
19.52 20.09 20.47 20.09 19.52 -5.06 -5.21 -5.31 -5.21 -5.06 
13.31 13.82 13.99 13.84 13.31 -3.45 -3.58 -3.63 -3.59 -3.45 
6.77 7.03 7.11 7.05 6.77 -1.75 -1.82 -1.84 -1.83 -1.75 

 
 

Load Case BA4 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
-13.40 -13.95 -14.10 -13.95 -13.40 3.47 3.62 3.66 3.62 3.47 
-19.52 -20.28 -20.66 -20.28 -19.52 5.06 5.26 5.36 5.26 5.06 
-25.21 -25.97 -26.35 -25.97 -25.21 6.54 6.73 6.83 6.73 6.54 
-30.71 -29.95 -32.03 -29.95 -30.71 7.96 7.76 8.30 7.76 7.96 
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4.23 -13.97 -3.47 -13.99 4.17 -1.10 3.62 0.90 3.63 -1.08 
-25.97 -11.22 -19.33 -11.22 -25.78 6.73 2.91 5.01 2.91 6.68 
-8.00 2.56 -3.07 2.60 -8.04 2.07 -0.66 0.80 -0.67 2.08 
5.16 12.57 8.66 12.62 5.12 -1.34 -3.26 -2.25 -3.27 -1.33 

14.06 17.61 15.79 17.65 14.04 -3.65 -4.57 -4.09 -4.57 -3.64 
16.09 16.66 17.00 16.70 16.09 -4.17 -4.32 -4.41 -4.33 -4.17 
10.42 10.99 10.90 11.01 10.42 -2.70 -2.85 -2.83 -2.86 -2.70 
5.95 6.29 6.20 6.29 5.95 -1.54 -1.63 -1.61 -1.63 -1.54 
2.69 2.84 2.77 2.84 2.71 -0.70 -0.74 -0.72 -0.74 -0.70 
0.70 0.74 0.69 0.74 0.70 -0.18 -0.19 -0.18 -0.19 -0.18 
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
-0.64 -0.69 -0.62 -0.69 -0.64 0.17 0.18 0.16 0.18 0.17 
-2.60 -2.75 -2.65 -2.75 -2.60 0.67 0.71 0.69 0.71 0.67 
-5.80 -6.14 -6.01 -6.14 -5.80 1.50 1.59 1.56 1.59 1.50 
-10.22 -10.80 -10.65 -10.80 -10.22 2.65 2.80 2.76 2.80 2.65 
-15.79 -16.45 -16.72 -16.49 -15.79 4.09 4.27 4.33 4.28 4.09 
-14.42 -17.53 -15.62 -17.57 -14.42 3.74 4.55 4.05 4.56 3.74 
-5.65 -12.64 -8.72 -12.68 -5.63 1.46 3.28 2.26 3.29 1.46 
7.51 -2.69 2.88 -2.73 7.52 -1.95 0.70 -0.75 0.71 -1.95 

25.40 11.22 19.14 11.18 25.59 -6.58 -2.91 -4.96 -2.90 -6.63 
-3.51 14.33 4.23 14.33 -3.51 0.91 -3.71 -1.10 -3.71 0.91 
30.52 29.95 31.65 29.95 30.52 -7.91 -7.76 -8.21 -7.76 -7.91 
25.02 25.78 26.16 25.78 25.02 -6.49 -6.68 -6.78 -6.68 -6.49 
19.33 20.09 20.28 20.09 19.33 -5.01 -5.21 -5.26 -5.21 -5.01 
13.19 13.74 13.86 13.76 13.19 -3.42 -3.56 -3.59 -3.57 -3.42 
6.63 6.94 6.98 6.94 6.65 -1.72 -1.80 -1.81 -1.80 -1.72 

 
 

Load Case BA6 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
0.20 0.20 0.18 0.20 0.20 -0.05 -0.05 -0.05 -0.05 -0.05 
0.63 0.48 0.47 0.47 0.63 -0.16 -0.12 -0.12 -0.12 -0.16 
2.18 0.85 1.76 1.36 2.18 -0.57 -0.22 -0.46 -0.35 -0.57 

14.54 18.18 15.90 17.02 14.54 -3.77 -4.71 -4.12 -4.41 -3.77 
10.52 11.35 11.39 11.41 10.52 -2.73 -2.94 -2.95 -2.96 -2.73 
4.62 5.14 4.93 5.14 4.62 -1.20 -1.33 -1.28 -1.33 -1.20 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.24 0.18 0.18 0.18 0.24 -0.06 -0.05 -0.05 -0.05 -0.06 
-5.06 -5.25 -5.29 -5.25 -5.06 1.31 1.36 1.37 1.36 1.31 
-10.77 -11.60 -11.60 -11.66 -10.77 2.79 3.01 3.01 3.02 2.79 
-14.73 -18.50 -16.19 -17.36 -14.73 3.82 4.80 4.20 4.50 3.82 
-1.86 -0.46 -1.45 -1.00 -1.86 0.48 0.12 0.37 0.26 0.48 
-0.55 -0.42 -0.42 -0.41 -0.55 0.14 0.11 0.11 0.11 0.14 
-0.21 -0.22 -0.22 -0.22 -0.20 0.05 0.06 0.06 0.06 0.05 
-0.10 -0.12 -0.12 -0.12 -0.10 0.03 0.03 0.03 0.03 0.03 
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Load Case BA7 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
-13.21 -13.76 -13.97 -13.76 -13.23 3.43 3.57 3.62 3.57 3.43 
-19.33 -20.09 -20.47 -20.09 -19.33 5.01 5.21 5.31 5.21 5.01 
-24.83 -25.78 -26.16 -25.78 -24.83 6.44 6.68 6.78 6.68 6.44 
-30.14 -30.14 -31.65 -30.14 -30.14 7.81 7.81 8.21 7.81 7.81 
-15.81 -24.83 -19.90 -24.83 -15.85 4.10 6.44 5.16 6.44 4.11 
-33.17 -24.83 -30.14 -24.83 -33.17 8.60 6.44 7.81 6.44 8.60 
-24.64 -16.28 -21.61 -16.32 -24.64 6.39 4.22 5.60 4.23 6.39 
-22.93 2.86 -9.15 3.03 -22.93 5.95 -0.74 2.37 -0.79 5.95 
31.27 15.73 23.31 15.69 31.27 -8.11 -4.08 -6.04 -4.07 -8.11 
40.94 29.57 36.20 29.57 40.94 -10.61 -7.67 -9.39 -7.67 -10.61 
25.21 29.57 26.91 29.57 25.21 -6.54 -7.67 -6.98 -7.67 -6.54 
29.76 30.33 31.46 30.33 29.76 -7.71 -7.86 -8.16 -7.86 -7.71 
24.83 25.78 26.16 25.78 24.83 -6.44 -6.68 -6.78 -6.68 -6.44 
19.33 20.09 20.28 20.09 19.33 -5.01 -5.21 -5.26 -5.21 -5.01 
13.21 13.74 13.89 13.74 13.21 -3.43 -3.56 -3.60 -3.56 -3.43 
6.73 6.98 7.03 6.98 6.71 -1.74 -1.81 -1.82 -1.81 -1.74 

 
 

Load Case BA8 
Shear Stress in Girder Threads (N/mm2) - force increased by 25% 

FB1 FB2 

Front Middle1 Center Middle 2 Back Front Middle1 Center Middle 2 Back 
-0.05 -0.02 -0.09 -0.03 -0.07 0.01 0.00 0.02 0.01 0.02 
0.00 -0.14 -0.27 -0.18 -0.02 0.00 0.04 0.07 0.05 0.01 
0.69 -1.62 -0.20 -0.98 0.66 -0.18 0.42 0.05 0.25 -0.17 

16.68 21.42 18.20 20.09 16.60 -4.32 -5.55 -4.72 -5.21 -4.30 
13.63 14.71 14.82 14.77 13.57 -3.53 -3.81 -3.84 -3.83 -3.52 
6.99 8.43 7.83 8.42 6.96 -1.81 -2.19 -2.03 -2.18 -1.80 
3.47 4.15 3.85 4.13 3.41 -0.90 -1.08 -1.00 -1.07 -0.88 
0.21 0.14 0.14 0.14 0.10 -0.05 -0.04 -0.04 -0.04 -0.03 
-2.33 -3.51 -2.96 -3.51 -2.33 0.60 0.91 0.77 0.91 0.60 
-8.62 -9.00 -9.00 -9.04 -8.64 2.24 2.33 2.33 2.34 2.24 
-14.48 -15.75 -15.71 -15.85 -14.50 3.75 4.08 4.07 4.11 3.76 
-17.40 -22.74 -19.14 -21.23 -17.40 4.51 5.90 4.96 5.50 4.51 
0.57 3.35 1.65 2.62 0.56 -0.15 -0.87 -0.43 -0.68 -0.14 
0.33 0.40 0.58 0.45 0.31 -0.08 -0.10 -0.15 -0.12 -0.08 
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Appendix 7 
Saddle Forces 

 
Load Case BA1 

Left Saddle 

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 0 0 0 0 0 0  -212,500 

Z2 191,200 107,700 41,550 73,380 42,220 0  -654,700 

Z3 275,100 437,400 270,100 162,100 29,360 0  -921,200 

Z4 247,200 386,000 227,600 140,300 26,040 0  -807,900 

Z5 247,000 386,200 227,400 140,300 26,190 0  -808,290 

Z6 275,400 437,000 270,500 162,400 29,320 0  -920,900 

Z7 190,900 108,100 41,510 73,300 42,290 0  -655,700 

Z8 0 0 0 0 0 0  -211,600 

Right Saddle 

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 0 0 0 0 0 0  -212,510 

Z2 173,600 87,790 34,630 72,630 43,510 0  -620,700 

Z3 284,500 435,800 271,200 162,400 29,640 0  -802,000 

Z4 258,700 382,000 225,000 138,100 25,460 0  -681,370 

Z5 258,300 382,100 224,800 138,100 25,580 0  -682,040 

Z6 285,100 435,800 271,700 162,800 29,590 0  -801,100 

Z7 173,500 88,020 34,480 72,440 43,530 0  -620,940 

Z8 0 0 0 0 0 0  -211,280 
 
 

Load Case BA2 

Left Saddle 

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 196,700 140,600 109,100 82,200 43,510 0  -220,500 

Z2 221,100 162,000 131,700 101,700 59,460 1,117  -680,400 

Z3 253,300 198,000 165,500 130,000 76,500 1,125  -779,800 

Z4 253,200 198,000 164,500 128,500 74,970 0  -648,900 

Z5 253,200 198,000 164,500 128,500 74,990 0  -648,900 

Z6 253,300 198,000 165,500 130,000 76,550 1,126  -779,100 

Z7 221,000 162,000 131,700 101,700 59,440 1,129  -681,800 

Z8 196,700 140,600 109,200 82,330 43,660 0  -219,100 

Right Saddle 

 M6 M8 M9 M10 M11 M12  Key Force 
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Z1 199,800 139,600 106,600 78,540 39,550 0  -128,800 

Z2 223,700 161,300 129,700 98,950 56,760 0  -588,700 

Z3 247,500 194,500 163,500 129,600 77,240 2,012  -714,000 

Z4 246,400 193,800 162,100 127,900 75,560 652  -595,700 

Z5 246,300 193,800 162,200 127,900 75,570 693  -595,700 

Z6 247,600 194,500 163,600 129,700 77,290 2,003  -712,600 

Z7 223,700 161,300 129,600 98,890 56,690 0  -588,700 

Z8 199,900 139,700 106,700 78,640 39,640 0  -127,400 
 
 

Load Case BA3 

 Left Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 137,700 116,700 87,760 59,870 25,970 0  -165,200 

Z2 156,000 133,000 104,800 74,700 38,410 0  -509,600 

Z3 180,200 160,300 130,500 96,420 52,490 0  -588,000 

Z4 180,100 160,200 129,700 95,350 51,380 0  -490,000 

Z5 180,100 160,200 129,700 95,360 54,140 0  -490,000 

Z6 180,200 160,300 130,500 96,460 52,530 0  -587,300 

Z7 156,000 133,000 104,800 74,700 38,390 0  -510,300 

Z8 137,700 116,700 87,800 59,960 26,000 0  -164,500 

 Right Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 139,000 116,000 87,800 59,900 26,080 0  -95,200 

Z2 157,000 132,200 103,100 72,360 35,590 0  -438,200 

Z3 174,900 157,200 128,900 96,100 53,260 0  -536,900 

Z4 174,000 156,700 127,800 94,920 52,050 0  -448,700 

Z5 174,000 156,700 127,800 94,930 52,000 0  -449,400 

Z6 174,900 157,000 128,900 96,200 53,290 0  -536,200 

Z7 157,000 132,200 103,100 72,310 35,540 0  -438,900 

Z8 139,200 115,800 85,830 56,990 22,470 0  -94,500 
 
 

Load Case BA4 

 Left Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 91,520 78,250 58,620 39,710 17,550 0  -109,060 

Z2 103,900 89,270 70,070 49,620 25,780 0  -340,970 

Z3 120,300 107,700 87,290 64,030 34,760 0  -393,190 

Z4 120,200 107,600 86,790 63,310 34,010 0  -327,250 
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Z5 120,200 107,600 86,790 63,320 34,030 0  -327,320 

Z6 120,300 107,700 78,300 640,500 34,780 0  -392,980 

Z7 103,900 89,260 70,050 49,600 25,770 0  -341,530 

Z8 91,510 78,240 58,660 39,780 17,620 0  -108,640 

 Right Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 92,120 77,400 57,140 37,610 15,040 0  -62,419 

Z2 104,200 88,470 68,750 47,870 23,760 0  -292,530 

Z3 116,200 105,300 85,960 63,630 35,050 0  -357,770 

Z4 115,600 104,900 85,270 62,800 34,250 0  -298,760 

Z5 115,600 104,900 85,280 62,810 34,260 0  -298,900 

Z6 116,200 105,300 85,990 63,650 35,080 0  -357,280 

Z7 104,200 88,480 68,740 47,840 23,730 0  -292,950 

Z8 92,160 77,420 57,190 37,660 15,090 0  -61,649 
 

 
Load Case BA6 

 Left Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 0 0 0 0 0 0  0 

Z2 0 0 0 0 0 0  0 

Z3 0 0 0 0 0 0  0 

Z4 0 0 0 0 0 0  0 

Z5 0 0 0 0 0 0  0 

Z6 0 0 0 0 0 0  0 

Z7 0 0 0 0 0 0  0 

Z8 0 0 0 0 0 0  0 

 Right Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 0 0 0 0 0 0  0 

Z2 0 0 0 0 0 0  0 

Z3 0 0 0 0 0 0  0 

Z4 0 0 0 0 0 0  0 

Z5 0 0 0 0 0 0  0 

Z6 0 0 0 0 0 0  0 

Z7 0 0 0 0 0 0  0 

Z8 0 0 0 0 0 0  0 
 
 

Load Case BA7 
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 Left Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 41990 46010 42620 30070 0 0  -61350 

Z2 49170 52630 49510 38730 0 0  -198200 

Z3 58340 63440 60450 48250 0 0  -220100 

Z4 58270 63350 60130 47090 0 0  -176800 

Z5 58250 63330 60120 47090 0 0  -176700 

Z6 58310 63410 60430 48240 0 0  -219600 

Z7 49060 52550 49460 38630 0 0  -198400 

Z8 41910 45930 42590 29830 0 0  -60590 

 Right Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 19730 59960 86670 0 0 0  -42060 

Z2 26640 67100 94240 0 0 0  -183600 

Z3 33230 77650 106900 0 0 0  -194300 

Z4 32890 77320 106500 0 0 0  -152900 

Z5 32870 77330 106500 0 0 0  -153000 

Z6 33220 77660 106900 0 0 0  -194300 

Z7 26630 67150 94310 0 0 0  -184100 

Z8 19730 60020 86790 0 0 0  -41950 
 
 

Load Case BA8 

 Left Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 234 5724 3539 0 0 0  643 

Z2 1102 6588 4236 0 0 0  -16080 

Z3 2311 7866 5315 0 0 0  -15088 

Z4 2284 7848 528 0 0 0  -12050 

Z5 2265 7825 5255 0 0 0  -12040 

Z6 2285 7828 5272 0 0 0  -14900 

Z7 1045 6492 4118 0 0 0  -15830 

Z8 177 5620 3412 0 0 0  833 

 Right Saddle   

 M6 M8 M9 M10 M11 M12  Key Force 

Z1 5456 0 0 0 0 0  2563 

Z2 6083 0 0 0 0 0  -13310 

Z3 7110 0 0 0 0 0  -13020 

Z4 7083 0 0 0 0 0  -10530 
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Z5 7095 0 0 0 0 0  -10550 

Z6 71838 0 0 0 0 0  -13130 

Z7 6180 0 0 0 0 0  -13600 

Z8 5566 0 0 0 0 0  2409 
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Appendix 8 
Swivel Bolt Normal Stress 

 
Load Case BA1 

 
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 170.75 96.18 37.11 65.53 37.70 0.00 

Z3 245.68 390.62 241.21 144.76 26.22 0.00 

Z4 220.76 344.72 203.26 125.29 23.26 0.00 

Z5 220.58 344.90 203.08 125.29 23.39 0.00 

Z6 245.95 390.26 241.57 145.03 26.18 0.00 

Z7 170.48 96.54 37.07 65.46 37.77 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 
 

Load Case BA2 

  
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 175.66 125.56 97.43 73.41 38.86 0.00 

Z2 197.45 144.67 117.61 90.82 53.10 1.00 

Z3 226.21 176.82 147.80 116.10 68.32 1.00 

Z4 226.12 176.82 146.91 114.76 66.95 0.00 

Z5 226.12 176.82 146.91 114.76 66.97 0.00 

Z6 226.21 176.82 147.80 116.10 68.36 1.01 

Z7 197.36 144.67 117.61 90.82 53.08 1.01 

Z8 175.66 125.56 97.52 73.52 38.99 0.00 
 
 

Load Case BA3 
  

Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 122.97 104.22 78.37 53.47 23.19 0.00 

Z2 139.32 118.78 93.59 66.71 34.30 0.00 

Z3 160.93 143.16 116.54 86.11 46.88 0.00 

Z4 160.84 143.07 115.83 85.15 45.88 0.00 

Z5 160.84 143.07 115.83 85.16 48.35 0.00 

Z6 160.93 143.16 116.54 86.14 46.91 0.00 

Z7 139.32 118.78 93.59 66.71 34.28 0.00 



 60 

Z8 122.97 104.22 78.41 53.55 23.22 0.00 
 
 

Load Case BA4 

  
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 81.73 69.88 52.35 35.46 15.67 0.00 

Z2 92.79 79.72 62.58 44.31 23.02 0.00 

Z3 107.43 96.18 77.95 57.18 31.04 0.00 

Z4 107.34 96.09 77.51 56.54 30.37 0.00 

Z5 107.34 96.09 77.51 56.55 30.39 0.00 

Z6 107.43 96.18 69.93 572.00 31.06 0.00 

Z7 92.79 79.71 62.56 44.30 23.01 0.00 

Z8 81.72 69.87 52.39 35.53 15.74 0.00 
 

 
Load Case BA6 

  
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 0.00 0.00 0.00 0.00 0.00 0.00 

Z3 0.00 0.00 0.00 0.00 0.00 0.00 

Z4 0.00 0.00 0.00 0.00 0.00 0.00 

Z5 0.00 0.00 0.00 0.00 0.00 0.00 

Z6 0.00 0.00 0.00 0.00 0.00 0.00 

Z7 0.00 0.00 0.00 0.00 0.00 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 
 

Load Case BA7 

  
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 37.50 41.09 38.06 26.85 0.00 0.00 

Z2 43.91 47.00 44.21 34.59 0.00 0.00 

Z3 52.10 56.66 53.98 43.09 0.00 0.00 

Z4 52.04 56.57 53.70 42.05 0.00 0.00 

Z5 52.02 56.56 53.69 42.05 0.00 0.00 

Z6 52.07 56.63 53.97 43.08 0.00 0.00 

Z7 43.81 46.93 44.17 34.50 0.00 0.00 
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Z8 37.43 41.02 38.04 26.64 0.00 0.00 
 
 

Load Case BA8 

  
Swivel Bolt Normal Stresses 

  M6 M8 M9 M10 M11 M12 

Z1 0.21 5.11 3.16 0.00 0.00 0.00 

Z2 0.98 5.88 3.78 0.00 0.00 0.00 

Z3 2.06 7.02 4.75 0.00 0.00 0.00 

Z4 2.04 7.01 0.47 0.00 0.00 0.00 

Z5 2.02 6.99 4.69 0.00 0.00 0.00 

Z6 2.04 6.99 4.71 0.00 0.00 0.00 

Z7 0.93 5.80 3.68 0.00 0.00 0.00 

Z8 0.16 5.02 3.05 0.00 0.00 0.00 
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Appendix 9 
Swivel Bolt Thread Shear Stresses 

 
Load Case BA1 

  
Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 15.68 8.83 3.41 6.02 3.46 0.00 

Z3 22.56 35.86 22.15 13.29 2.41 0.00 

Z4 20.27 31.65 18.66 11.50 2.13 0.00 

Z5 20.25 31.66 18.64 11.50 2.15 0.00 

Z6 22.58 35.83 22.18 13.31 2.40 0.00 

Z7 15.65 8.86 3.40 6.01 3.47 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 
 

Load Case BA2 
  

Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 16.13 11.53 8.94 6.74 3.57 0.00 

Z2 18.13 13.28 10.80 8.34 4.88 0.09 

Z3 20.77 16.23 13.57 10.66 6.27 0.09 

Z4 20.76 16.23 13.49 10.54 6.15 0.00 

Z5 20.76 16.23 13.49 10.54 6.15 0.00 

Z6 20.77 16.23 13.57 10.66 6.28 0.09 

Z7 18.12 13.28 10.80 8.34 4.87 0.09 

Z8 16.13 11.53 8.95 6.75 3.58 0.00 
 
 

Load Case BA3 
  

Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 11.29 9.57 7.20 4.91 2.13 0.00 

Z2 12.79 10.90 8.59 6.12 3.15 0.00 

Z3 14.77 13.14 10.70 7.91 4.30 0.00 

Z4 14.77 13.13 10.63 7.82 4.21 0.00 

Z5 14.77 13.13 10.63 7.82 4.44 0.00 

Z6 14.77 13.14 10.70 7.91 4.31 0.00 

Z7 12.79 10.90 8.59 6.12 3.15 0.00 

Z8 11.29 9.57 7.20 4.92 2.13 0.00 



 63 

 
 

Load Case BA4 
  

Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 7.50 6.42 4.81 3.26 1.44 0.00 

Z2 8.52 7.32 5.74 4.07 2.11 0.00 

Z3 9.86 8.83 7.16 5.25 2.85 0.00 

Z4 9.86 8.82 7.12 5.19 2.79 0.00 

Z5 9.86 8.82 7.12 5.19 2.79 0.00 

Z6 9.86 8.83 6.42 52.51 2.85 0.00 

Z7 8.52 7.32 5.74 4.07 2.11 0.00 

Z8 7.50 6.41 4.81 3.26 1.44 0.00 
 

 
Load Case BA6 

  
Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 0.00 0.00 0.00 0.00 0.00 0.00 

Z3 0.00 0.00 0.00 0.00 0.00 0.00 

Z4 0.00 0.00 0.00 0.00 0.00 0.00 

Z5 0.00 0.00 0.00 0.00 0.00 0.00 

Z6 0.00 0.00 0.00 0.00 0.00 0.00 

Z7 0.00 0.00 0.00 0.00 0.00 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 
 

Load Case BA7 
  

Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 3.44 3.77 3.49 2.47 0.00 0.00 

Z2 4.03 4.32 4.06 3.18 0.00 0.00 

Z3 4.78 5.20 4.96 3.96 0.00 0.00 

Z4 4.78 5.19 4.93 3.86 0.00 0.00 

Z5 4.78 5.19 4.93 3.86 0.00 0.00 

Z6 4.78 5.20 4.95 3.96 0.00 0.00 

Z7 4.02 4.31 4.06 3.17 0.00 0.00 

Z8 3.44 3.77 3.49 2.45 0.00 0.00 
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Load Case BA8 
  

Thread Stresses in Saddle from Swivel Bolt 

  M6 M8 M9 M10 M11 M12 

Z1 0.02 0.47 0.29 0.00 0.00 0.00 

Z2 0.09 0.54 0.35 0.00 0.00 0.00 

Z3 0.19 0.64 0.44 0.00 0.00 0.00 

Z4 0.19 0.64 0.04 0.00 0.00 0.00 

Z5 0.19 0.64 0.43 0.00 0.00 0.00 

Z6 0.19 0.64 0.43 0.00 0.00 0.00 

Z7 0.09 0.53 0.34 0.00 0.00 0.00 

Z8 0.01 0.46 0.28 0.00 0.00 0.00 
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Appendix 10 
Swivel Bolt Torques 

 
Load Case BA1 

 Torques (Nm) 
 M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 183.43 98.54 31.29 63.65 31.97 0.00 

Z3 268.73 433.73 263.64 153.84 18.89 0.00 

Z4 240.36 381.48 220.44 131.68 15.52 0.00 

Z5 240.16 381.68 220.23 131.68 15.67 0.00 

Z6 269.03 433.33 264.05 154.15 18.85 0.00 

Z7 183.12 98.94 31.24 63.56 32.04 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 

 
Load Case BA2 

 Torques (Nm) 
 M6 M8 M9 M10 M11 M12 

Z1 189.02 131.99 99.96 72.61 33.28 0.00 

Z2 213.83 153.74 122.94 92.44 49.49 0.00 

Z3 246.56 190.34 157.30 121.21 66.82 0.00 

Z4 246.46 190.34 156.28 119.68 65.26 0.00 

Z5 246.46 190.34 156.28 119.68 65.28 0.00 

Z6 246.56 190.34 157.30 121.21 66.87 0.00 

Z7 213.73 153.74 122.94 92.44 49.47 0.00 

Z8 189.02 131.99 100.06 72.75 33.43 0.00 
 

 
Load Case BA3 

 Torques (Nm) 

 M6 M8 M9 M10 M11 M12 

Z1 129.04 107.69 78.27 49.91 15.45 0.00 

Z2 147.64 124.26 95.59 64.99 28.09 0.00 

Z3 172.25 152.01 121.72 87.07 42.41 0.00 

Z4 172.14 151.91 120.90 85.98 41.28 0.00 

Z5 172.14 151.91 120.90 85.99 44.09 0.00 

Z6 172.25 152.01 121.72 87.11 42.45 0.00 

Z7 147.64 124.26 95.59 64.99 28.07 0.00 

Z8 129.04 107.69 78.31 50.00 15.48 0.00 
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Load Case BA4 
 Torques (Nm)     

 M6 M8 M9 M10 M11 M12 

Z1 82.09 68.60 48.64 29.41 6.89 0.00 

Z2 94.67 79.80 60.28 39.49 15.25 0.00 

Z3 111.35 98.54 77.79 54.14 24.38 0.00 

Z4 111.25 98.44 77.28 53.41 23.62 0.00 

Z5 111.25 98.44 77.28 53.42 23.64 0.00 

Z6 111.35 98.54 68.65 640.22 24.40 0.00 

Z7 94.67 79.79 60.26 39.47 15.24 0.00 

Z8 82.08 68.59 48.68 29.49 6.96 0.00 

 
 

Load Case BA6 

 Torques (Nm) 

 M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 0.00 0.00 0.00 0.00 0.00 0.00 

Z3 0.00 0.00 0.00 0.00 0.00 0.00 

Z4 0.00 0.00 0.00 0.00 0.00 0.00 

Z5 0.00 0.00 0.00 0.00 0.00 0.00 

Z6 0.00 0.00 0.00 0.00 0.00 0.00 

Z7 0.00 0.00 0.00 0.00 0.00 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
 
 

Load Case BA7 

 Torques (Nm) 

 M6 M8 M9 M10 M11 M12 

Z1 31.73 35.82 32.37 19.61 0.00 0.00 

Z2 39.03 42.55 39.38 28.42 0.00 0.00 

Z3 48.36 53.54 50.50 38.10 0.00 0.00 

Z4 48.28 53.45 50.18 36.92 0.00 0.00 

Z5 48.26 53.43 50.17 36.92 0.00 0.00 

Z6 48.32 53.51 50.48 38.09 0.00 0.00 

Z7 38.92 42.47 39.33 28.32 0.00 0.00 

Z8 31.65 35.74 32.34 19.37 0.00 0.00 
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Load Case BA8 

 Torques (Nm) 

 M6 M8 M9 M10 M11 M12 

Z1 0.00 0.00 0.00 0.00 0.00 0.00 

Z2 0.00 0.00 0.00 0.00 0.00 0.00 

Z3 0.00 0.00 0.00 0.00 0.00 0.00 

Z4 0.00 0.00 0.00 0.00 0.00 0.00 

Z5 0.00 0.00 0.00 0.00 0.00 0.00 

Z6 0.00 0.00 0.00 0.00 0.00 0.00 

Z7 0.00 0.00 0.00 0.00 0.00 0.00 

Z8 0.00 0.00 0.00 0.00 0.00 0.00 
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Appendix 11 
Fiducial Mark Displacements 

 
 

Load Case BA1 
Displacements (mm) 

 Inner Radius  Outer Radius 

Module # X Y  X Y 

1 -0.22 -1.04  -0.20 -1.03 

2 -0.24 -0.97  -0.19 -0.95 

3 -0.27 -0.87  -0.21 -0.84 

4 -0.32 -0.75  -0.25 -0.70 

5 -0.39 -0.61  -0.31 -0.55 

6 -0.34 -0.69  -0.26 -0.63 

7 -0.25 -0.80  -0.16 -0.76 
8 0.07 -1.12  0.15 -1.09 

9 0.51 -1.49  0.59 -1.45 

10 1.03 -1.83  1.09 -1.79 

11 1.49 -2.09  1.55 -2.03 

12 1.87 -2.24  1.91 -2.18 

13 2.15 -2.33  2.17 -2.26 

14 2.32 -2.37  2.34 -2.28 

15 2.40 -2.38  2.40 -2.29 

16 2.39 -2.39  2.37 -2.28 
17 2.30 -2.40  2.26 -2.29 
18 2.13 -2.43  2.08 -2.32 
19 1.92 -2.50  1.85 -2.39 
20 1.67 -2.60  1.59 -2.50 
21 1.41 -2.75  1.31 -2.65 
22 1.14 -2.93  1.03 -2.83 
23 0.89 -3.14  0.76 -3.05 
24 0.65 -3.37  0.52 -3.29 
25 0.45 -3.62  0.31 -3.55 
26 0.29 -3.86  0.14 -3.80 
27 0.17 -4.09  0.01 -4.05 
28 0.08 -4.30  -0.08 -4.26 
29 0.03 -4.46  -0.13 -4.44 
30 0.00 -4.59  -0.16 -4.58 
31 -0.01 -4.66  -0.17 -4.67 
32 -0.36 -4.68  -0.17 -4.65 
33 -0.37 -4.60  -0.18 -4.55 
34 -0.39 -4.47  -0.21 -4.40 
35 -0.44 -4.30  -0.27 -4.21 
36 -0.53 -4.09  -0.37 -3.99 
37 -0.65 -3.86  -0.51 -3.74 
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38 -0.81 -3.61  -0.69 -3.48 
39 -1.02 -3.36  -0.91 -3.22 
40 -1.25 -3.12  -1.16 -2.98 
41 -1.51 -2.91  -1.43 -2.76 
42 -1.78 -2.73  -1.72 -2.57 
43 -2.05 -2.58  -2.00 -2.43 
44 -2.30 -2.47  -2.27 -2.33 
45 -2.52 -2.40  -2.50 -2.26 
46 -2.68 -2.36  -2.67 -2.23 
47 -2.78 -2.35  -2.78 -2.23 
48 -2.80 -2.35  -2.80 -2.23 
49 -2.73 -2.34  -2.73 -2.23 
50 -2.55 -2.30  -2.56 -2.19 
51 -2.28 -2.21  -2.29 -2.11 
52 -1.91 -2.05  -1.92 -1.95 
53 -1.44 -1.80  -1.46 -1.69 
54 -0.93 -1.46  -0.97 -1.35 
55 -0.49 -1.09  -0.55 -0.99 
56 -0.17 -0.77  -0.27 -0.68 
57 -0.07 -0.65  -0.17 -0.57 
58 -0.03 -0.58  -0.13 -0.53 
59 -0.10 -0.72  -0.20 -0.69 
60 -0.16 -0.85  -0.24 -0.83 
61 -0.19 -0.95  -0.25 -0.95 
62 -0.21 -1.03  -0.25 -1.03 
63 -0.21 -1.07  -0.23 -1.07 

 
 

Load Case BA2 
Displacements (mm) 

 Inner Radius  Outer Radius 
Module # X Y  X Y 

1 -0.29 -1.37  -0.22 -1.35 
2 -0.35 -1.28  -0.24 -1.24 
3 -0.44 -1.17  -0.28 -1.09 
4 -0.55 -1.02  -0.35 -0.89 
5 -0.68 -0.85  -0.50 -0.63 
6 -0.65 -0.96  -0.42 -0.75 
7 -0.56 -1.10  -0.36 -0.86 
8 -0.30 -1.38  -0.11 -1.14 
9 0.10 -1.74  0.28 -1.49 
10 0.61 -2.10  0.78 -1.83 
11 1.12 -2.42  1.28 -2.11 
12 1.56 -2.63  1.69 -2.29 
13 1.90 -2.77  1.99 -2.39 
14 2.15 -2.85  2.20 -2.44 
15 2.31 -2.89  2.30 -2.45 
16 2.37 -2.92  2.31 -2.45 
17 2.35 -2.94  2.24 -2.47 
18 2.26 -2.98  2.09 -2.50 
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19 2.12 -3.04  1.89 -2.56 
20 1.93 -3.14  1.65 -2.67 
21 1.72 -3.26  1.39 -2.81 
22 1.50 -3.42  1.11 -3.00 
23 1.28 -3.61  0.85 -3.23 
24 1.07 -3.83  0.60 -3.48 
25 0.89 -4.05  0.38 -3.75 
26 0.74 -4.29  0.20 -4.03 
27 0.62 -4.51  0.06 -4.31 
28 0.53 -4.72  -0.05 -4.58 
29 0.47 -4.91  -0.12 -4.82 
30 0.44 -5.06  -0.15 -5.02 
31 0.42 -5.17  -0.17 -5.19 
32 -0.78 -5.24  -0.17 -5.16 
33 -0.79 -5.12  -0.18 -4.98 
34 -0.81 -4.97  -0.23 -4.76 
35 -0.87 -4.78  -0.30 -4.51 
36 -0.95 -4.56  -0.41 -4.24 
37 -1.07 -4.33  -0.57 -3.96 
38 -1.22 -4.09  -0.76 -3.67 
39 -1.40 -3.85  -0.99 -3.39 
40 -1.60 -3.63  -1.24 -3.14 
41 -1.82 -3.44  -1.51 -2.92 
42 -2.05 -3.27  -1.79 -2.73 
43 -2.26 -3.13  -2.06 -2.59 
44 -2.45 -3.03  -2.31 -2.49 
45 -2.60 -2.97  -2.51 -2.43 
46 -2.69 -2.92  -2.65 -2.40 
47 -2.72 -2.89  -2.72 -2.39 
48 -2.66 -2.86  -2.70 -2.39 
49 -2.51 -2.82  -2.59 -2.37 
50 -2.27 -2.73  -2.38 -2.32 
51 -1.94 -2.60  -2.06 -2.21 
52 -1.51 -2.38  -1.66 -2.02 
53 -1.00 -2.06  -1.15 -1.73 
54 -0.50 -1.70  -0.67 -1.38 
55 -0.09 -1.34  -0.30 -1.04 
56 0.17 -1.05  -0.07 -0.77 
57 0.25 -0.91  -0.01 -0.70 
58 0.28 -0.80  0.04 -0.62 
59 0.14 -0.98  -0.10 -0.90 
60 0.02 -1.13  -0.18 -1.09 
61 -0.07 -1.26  -0.22 -1.24 
62 -0.14 -1.35  -0.23 -1.35 
63 -0.19 -1.40  -0.23 -1.40 

 
 

Load Case BA3 
Displacements (mm) 

 Inner Radius  Outer Radius 
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Module 
# X Y  X Y 

1 -0.22 -1.34  -0.22 -1.34 

2 -0.25 -1.24  -0.23 -1.22 

3 -0.30 -1.09  -0.28 -1.07 

4 -0.38 -0.90  -0.35 -0.87 

5 -0.49 -0.69  -0.49 -0.62 

6 -0.50 -0.66  -0.49 -0.63 
7 -0.49 -0.66  -0.51 -0.63 

8 -0.36 -0.78  -0.37 -0.79 

9 -0.12 -0.97  -0.13 -1.00 

10 0.18 -1.17  0.18 -1.22 

11 0.49 -1.34  0.49 -1.39 

12 0.73 -1.44  0.72 -1.50 

13 0.90 -1.50  0.90 -1.56 

14 1.02 -1.52  1.02 -1.59 

15 1.08 -1.53  1.08 -1.60 
16 1.09 -1.54  1.09 -1.60 
17 1.06 -1.54  1.07 -1.61 
18 1.01 -1.55  1.03 -1.62 
19 0.94 -1.57  0.97 -1.64 
20 0.88 -1.60  0.91 -1.67 
21 0.82 -1.63  0.86 -1.69 
22 0.78 -1.66  0.82 -1.72 
23 0.76 -1.68  0.81 -1.73 
24 -1.16 -1.64  -1.19 -1.68 
25 -1.18 -1.62  -1.20 -1.67 
26 -1.22 -1.60  -1.24 -1.64 
27 -1.28 -1.57  -1.30 -1.61 
28 -1.35 -1.54  -1.36 -1.58 
29 -1.42 -1.52  -1.42 -1.56 
30 -1.47 -1.51  -1.47 -1.55 
31 -1.50 -1.50  -1.49 -1.54 
32 -1.49 -1.50  -1.48 -1.54 
33 -1.43 -1.50  -1.41 -1.53 
34 -1.32 -1.47  -1.30 -1.49 
35 -1.15 -1.42  -1.12 -1.43 
36 -0.91 -1.32  -0.88 -1.32 
37 -0.61 -1.16  -0.57 -1.14 
38 -0.31 -0.96  -0.27 -0.92 
39 -0.07 -0.76  -0.05 -0.71 
40 0.07 -0.64  0.07 -0.57 
41 0.08 -0.64  0.05 -0.59 
42 0.06 -0.67  0.03 -0.62 
43 -0.05 -0.88  -0.10 -0.88 
44 -0.13 -1.07  -0.17 -1.07 
45 -0.18 -1.23  -0.21 -1.23 



 72 

46 -0.21 -1.34  -0.23 -1.34 
47 -0.21 -1.39  -0.23 -1.40 

 
 

Load Case BA4 
Displacements (mm) 

 Inner Radius  Outer Radius 
Module 
# X Y  X Y 

1 -0.11 -1.31  -0.10 -1.31 

2 -0.13 -1.21  -0.12 -1.19 

3 -0.18 -1.06  -0.16 -1.03 

4 -0.26 -0.87  -0.23 -0.83 

5 -0.38 -0.65  -0.37 -0.59 

6 -0.44 -0.56  -0.41 -0.52 

7 -0.49 -0.48  -0.49 -0.44 

8 -0.48 -0.49  -0.47 -0.46 
9 -0.40 -0.55  -0.40 -0.54 

10 -0.29 -0.62  -0.28 -0.62 

11 -0.17 -0.69  -0.16 -0.69 

12 -0.09 -0.72  -0.08 -0.72 

13 -0.04 -0.74  -0.04 -0.74 

14 -0.01 -0.74  -0.01 -0.75 

15 0.00 -0.75  0.00 -0.75 

16 -0.18 -0.72  -0.17 -0.70 

17 -0.17 -0.72  -0.17 -0.70 
18 -0.15 -0.71  -0.15 -0.69 
19 -0.10 -0.70  -0.10 -0.68 
20 -0.02 -0.67  -0.02 -0.64 
21 0.09 -0.61  0.09 -0.57 
22 0.21 -0.53  0.20 -0.49 
23 0.28 -0.47  0.27 -0.42 
24 0.30 -0.47  0.27 -0.41 
25 0.24 -0.54  0.20 -0.51 
26 0.18 -0.64  0.14 -0.60 
27 0.06 -0.86  0.01 -0.85 
28 -0.02 -1.05  -0.06 -1.05 
29 -0.07 -1.20  -0.10 -1.20 
30 -0.09 -1.31  -0.11 -1.31 
31 -0.10 -1.37  -0.11 -1.37 

 
 

Load Case BA6 
Displacements (mm) 

 Inner Radius  Outer Radius 
Module X Y  X Y 
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# 
1 -0.79 -0.12  -1.43 -0.28 
2 -0.79 -0.20  -1.40 -0.42 
3 -0.77 -0.28  -1.36 -0.55 
4 -0.14 -0.12  -1.27 -0.78 
5 -0.01 -0.37  -1.07 -1.14 
6 0.11 -0.58  -0.87 -1.44 
7 0.23 -0.73  -0.66 -1.69 
8 -1.55 0.26  -1.48 0.22 
9 -1.51 0.30  -1.45 0.27 
10 -1.46 0.39  -1.39 0.36 
11 -1.39 0.51  -1.33 0.48 
12 -0.71 0.25  -1.35 0.42 
13 -0.74 0.18  -1.40 0.29 
14 -0.76 0.11  -1.43 0.15 
15 -0.78 0.03  -1.44 0.01 

 
 

Load Case BA7 
Displacements (mm) 

 Inner Radius  Outer Radius 
Module 
# X Y  X Y 

1 0.02 -1.35  0.02 -1.35 
2 0.00 -1.24  0.00 -1.24 
3 -0.05 -1.09  -0.05 -1.09 
4 -0.13 -0.90  -0.13 -0.90 
5 -0.25 -0.68  -0.25 -0.68 
6 -0.36 -0.51  -0.36 -0.51 
7 -0.49 -0.35  -0.49 -0.35 
8 -0.58 -0.25  -0.58 -0.25 
9 0.68 -0.21  0.68 -0.21 
10 0.59 -0.30  0.59 -0.30 
11 0.44 -0.49  0.44 -0.49 
12 0.31 -0.69  0.31 -0.69 
13 0.19 -0.90  0.19 -0.90 
14 0.11 -1.09  0.11 -1.09 
15 0.06 -1.24  0.06 -1.24 
16 0.04 -1.35  0.04 -1.35 
17 0.03 -1.40  0.03 -1.40 

 
 

Load Case BA8 
Displacements (mm) 

 Inner Radius  Outer Radius 
Module 
# X Y  X Y 

1 -0.32 -0.08  -0.58 -0.14 
2 -0.32 -0.11  -0.57 -0.20 
3 -0.32 -0.14  -0.56 -0.25 
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4 0.75 0.27  -0.48 -0.45 
5 1.37 0.25  -0.23 -0.90 
6 1.56 -0.05  0.07 -1.35 
7 1.74 -0.29  0.39 -1.72 
8 1.92 -0.48  0.71 -2.05 
9 -3.83 -0.09  -1.97 -1.84 
10 -3.59 0.13  -1.56 -1.42 
11 -3.34 0.41  -1.17 -0.94 
12 -3.09 0.75  -0.80 -0.37 
13 -1.71 0.53  -0.56 0.10 
14 -0.27 0.08  -0.54 0.15 
15 -0.28 0.04  -0.56 0.09 
16 -0.30 0.01  -0.57 0.03 
17 -0.31 -0.02  -0.58 -0.03 
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