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1. Executive Summary

A structural analysis of the NCSX Modular Coil (MC) assembly is presented. The analysis focuses on the outboard coil-to-coil bolted connections (so-called A-A, A-B, B-C & C-C) in an effort to determine the acceptability of these mechanical joints.  The analysis is based on an evolutional global ANSYS [1] model of the A-B-C half-field period [2], and detailed models of the so-called Type-1 (through-hole) & Type-2 (tapped-hole) bolted joints used to secure these flanged connections.  An effective stiffness of each bolted joint type is determined and incorporated into the global model with equivalent beam elements. Various levels of friction are analyzed and the resulting bolt shear force and interface slip distributions are presented.  The detailed models are also used to determine the stress range in the bolts from EM load cycles.  A design-basis fatigue curve for the bolts is presented and used along with detailed model stresses to produce a bolt life (N) as a function of shear load (F) map for each joint configuration.  The final analysis included a slight change to the Type 1 & 2 bolted joint design (increasing the shim clearance hole).  Curves for each joint type indicate that the Type 1 joint shear loads should not exceed ~15 kip, while the Type 2 joint shear loads should not exceed ~9 kip for a 100,000 cycle design life.

The analysis shows that a friction coefficient of 0.4 is more than sufficient to provide a "no-slip" joint with a preload value of ~72 kip (kilo-pounds). With the Inner leg welded on the AA, AB and BC flanges, the entire outboard flange interfaces adjacent to the bolts remain "stuck" while subjected to what is thought to be the most demanding EM loading (2 Tesla high beta).  In all cases, the bolt shear loads are held below 3 kips.  The analysis for the three welded flanges (AA, AB, BC) was performed when the baseline design called for inboard bolts instead of in-board welds to impart the shear load in  those areas.  Here, the bolts are modeled identically to the outboard with the same friction coefficient.  Thus, the analysis with the bolts presented here provides a conservative approach to the outboard bolts as it allows for some slippage in the inboard, which the welds analysis has shown to be near non-existent. 

The CC Connection examines the outboard bolted joint using standard 1.375" bolts placed on the inboard side of the coil to impart the shear load and deflection.  The exact number and location of these bolts remains in question pending a mock-up access study but it is shown that as long as six of the bolts are added the inboard shim does not slip on CC flange.  
2. Introduction

The function of the NCSX modular coil system is 1) to provide specified quasi-axisymmetric magnetic field configurations, 2) to provide access for tangential neutral beam injection (NBI), radio frequency (RF) heating, and diagnostics, and 3) to provide a robust mechanical structure that minimizes non-symmetric field errors.  The coil set consists of three field periods with six coils per period, for a total of 18 coils.  Due to stellarator symmetry, only three different coil shapes are needed to make up the complete coil set.  The coils are connected electrically in three circuits according to type, and as such can produce alternate magnetic configurations by independently varying the current for each type.  

The modular coils are wound onto stainless steel castings that are then bolted together to form a structural shell.  As shown in Fig. 1, the winding cavity is a “tee” structure that is located on and integral with the plasma side of the shell.  During operation, electromagnetic forces push the windings outward against the shell and laterally toward the “tee”, so that only intermittent clamps are required for structural support.

[image: image1.png]



Fig. 1. Mod Coil Schematic showing the winding cavity (tee), winding and clamps

3. Analysis Approach
A CAD model of the MC half-field period assembly is shown in Fig. 2. and provides an overview of the modeling scope.  This incarnation of the model represents the latest version of the model complete with individual shims, bolts and inner leg weld shims.  This CAD version does not include any inboard bolt holes on the AA, AB and BC flanges but holes have been added to the CC Flange.  Fig. 3. illustrates a detailed look at the bolt/shim/flange interface on C-C flange.
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Fig. 2.  Full Period Coil CAD Model (6 Coils)
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Fig. 3. C-C Interface CAD Model 
3.1. Material Properties

The properties used assumed that the shell is made of stainless steel and the coil windings consist of a homogeneous copper/epoxy mixture.  The properties are listed in Table 1.  These values are used where when the thermal loading from a localized modular coil model is applied to the shell and the winding form.

TABLE 1: Material Properties.
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3.2 Magnetic Loading

Calculations to determine the fields and forces acting on all of the stellarator core magnets have been completed for seven reference operating scenarios.  The worst case for determining forces in the modular coils appears to be the 2T high beta scenario at time=0.197-s.  Two independent field calculations have been performed, one with the ANSYS code and the other with MAGFOR [3].  A comparison of magnetic flux density at 2-T indicates that the models are in good agreement, with only a 4% difference in peak field due primarily to mesh and integration differences.

3.3. Assumptions
The non-linear (frictional) analysis of this structure is based on the half-field period model shown in Fig. 4. Structural continuity between adjacent coils is handled two different ways to accommodate the computational limitations of this large problem:
1. At one particular interface, pipe elements with appropriate section properties are used to represent the characteristics of a bolted interface (see Attachment Section 4.1). Contact elements at this interface are allowed sliding contact (no separation). Fig. 5 shows the pipe elements used to model the bolt, connecting it to the hole via bar elements.

2. The other bolted interfaces are modeled with "Bonded Contact."

This un-bonded, sliding-only contact surface modeling approach seems to be the only way to get the analysis to complete in a reasonable amount of time (of order 12 hours). When the more general contact behavior is implemented (stick-slip, open-closed), the model takes four days to reach 4% of the EM load case. The simplified approach is decent, with frictional shear only developing when a positive normal pressure occurs. So, shear loads in the bolts are reasonably accurate. However, since this approach simulates a "hooked" interface, it does not accurately represent the change in axial load on the bolts.

Simulating the 12-coil MC system with a half-field period (3-coil) model requires the application of displacement U(R,θ,Z) constraint equations (CE) to the cut boundaries (θ=0º & 60º). Nodes on these symmetry planes are rotated into a cylindrical coordinate system. Fig. 6 shows a graphical representation of this boundary condition which illustrates the following general rule. The vertical lines represent the link between the +Z nodes and -Z nodes.  One node on the B shell is restrained in the vertical direction (z) to complete the required DOF constraints.
UR(R,θ,Z) = +UR(R,θ,-Z)

Uθ(R,θ,Z) = -Uθ(R,θ,-Z)
UZ(R,θ,Z) = -UZ(R,θ,-Z)
The electromagnetic loading (EM) is limited to one particular time-point (t=0.0s) within one particular current scenario (2T High-). It is commonly thought that this represents the worst load case. However, there has been no attempt to verify this position. The nodal force files for each coil are read into the structural routine before the solution. Fig. 7 shows a plot of the coils and nodal force vectors (for visualization purposes).  

Previous analysis [2,4] has shown that the non-linear contact interactions between the coils and winding forms do have an impact on stress.  Running a non-linear sliding winding in this case is computationally difficult given the compute time required.  Thus, to simulate this effect in a linear manner, a "wimpy" winding pack was used in these models.  It has a modulus of 856 Mpa or 100 times less than that listed in Table 1.  This allows for the brunt of the magnetic loading to transfer directly to the tee as the winding pack stiffness is reduced.  This has a greater effect near the tee region than the flange interfaces but to be conservative, the value was used to simulate the maximum amount of magnetic loading the shell would ever experience. 
3.4. Special Consideration
The purpose of this effort is to upgrade the global model to simulate the more realistic flange-to-flange connectivity. Previous modeling approaches assume bonded contact at flange connections which maintains a linear structure. Here, equivalent-property bolts and sliding contact are introduced at each flange interface (one at a time); A-A, A-B, B-C & C-C. This results in a non-linear analysis and adds substantial complexity to an already large model. Sliding, frictionless contact is the simplest embodiment of this upgrade. However, it ignores the most significant mechanical component to the bolted connection: joint shear capacity form friction. Adding friction to the simulation adds another complication which is not only non-linear, but path-dependent. Loads must be applied gradually to allow the model to initiate slippage when the shear load exceeds the frictional capacity of the interface. Embedded in the contact model are "normal" and "transverse" stiffness values. ANSYS determines "appropriate" values of each. Of course, these default values handle a wide range of modeling scenarios, but not necessarily all situations. 

Contact Stiffness

Following the presentation of numerous global model results which showed high shear loads in some of the bolts, a detailed review of the contact element characteristics uncovered a defect in the model. The default contact element shear stiffness (~0.17E11 N/m3) was found to be too soft, and flange faces slipped when they should have been stuck. Over-riding the default shear stiffness value with incremental increases produced lower bolt shear loads and longer computer run-times for the representative A-A interface. This characteristic is shown in Fig. 2.0-6. A shear stiffness of 5E11 N/m3 seems to provide a reasonable compromise in accuracy and run-time. All analyses presented here use this value which is ~30x larger than the default stiffness.  However, when considering the CC added inner bolts, even the value of 5e11 N/m3 is too small and larger values are used.
[image: image4.png]



Fig. 4. Half-Field Period Global ANSYS Model.

Model Boundaries in a cylindrical coordinate system are at:

θ=0º (mid-thickness A-A shim)

θ=60º (mid-thickness C-C shim)
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Fig. 5.  Pipe Elements with Appropriate Section Properties Used to Simulated Bolted Connection Equivalent Pipe Elements Tie A-B Flanges (diameters scaled for visualization purposes)
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Fig. 6. Constraint Equation Symbols at A-A Shim Mid-Thickness
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Fig. 7. Nodal Forces (t=0.0s of 2T, High-)
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Fig. 8. Max A-A Bolt Shear Load & Model Run-Time vs Contact Stiffness

4. Global Model Results
4.1 Bolted Interfaces with Friction

Various analyses have indicated the need to improve structural continuity in the inboard leg region of the MC system. Designers have responded by modifications which include the addition of inboard leg bolts at A-A, A-B & B-C. The global model is exercised in an effort to quantify the shear load on the bolts.

Fig. 9 shows a bar chart of the tensile preload and transverse shear load form the EM load application in each of the 20 A-A bolts, and a model plot showing the bolt numbering system. The bolts are preloaded to roughly 75 kip (kilo-pounds), and the flange and shim surfaces have a finish which produces a design-basis friction coefficient of 0.4. Bolt numbers 5 & 6 carry the largest shear force at ~1.5 kip. This is indicative of the bolts being stuck and the loading transferred through friction as expected. The inner leg bolts are not plotted in the bar charts for any of the flanges but they were included in the analysis at the time.  The now adopted inner leg weld will provide for a stiffer connection on the inboard side and thus these numbers and plots are conservative.
Fig. 10 shows a contour plot of the A-A interface slippage and the contact status plot bolt shear load vectors as a result of the EM load application. The blue regions of the contour plot are limited to the areas where bolts pull the flanges together and indicate little or no slippage.  The slippage away from the inboard leg is quite small (< 0.05 mm).
A similar series of plots is included for the other flanged interfaces: A-B (Figs. 11 & 12), B-C (Figs. 13 & 14), and C-C (Figs. 15 & 16). Table 2 lists the salient numerical values. The plots show that most of the bolt shear loads are quite small (<3 kip). C-C has long regions without bolts, but the structure does not exhibit large slippage (<0.2 mm).  The slippage numbers for the three welded flanges are approximate and very small away from the inboard region.  All of the max shear values are under 3 Kips. The contact status plots indicate that the areas around all of the outboard holes are in deed in the "stuck" conduction for all of the coils.
Table 2. summary of MC Flange Interface Loads (75 kip Preload, =0.4)

	Flange Set
	Max Bolt Shear, kip
	Max Slippage, mm

	A-A
	1.5
	≈ 0.05

	A-B
	1.2
	> 0.05

	B-C
	1.8
	> 0.05

	C-C
	2.8
	0.17
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Fig. 9. A-A Bolt Preload & EM-Driven Shear Load (top) & Bolt Numbering (bottom)
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Fig. 10. A-A Slip [m] & Contact Status Plot from EM Load Application 
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Fig. 11. A-B Bolt Preload & EM-Driven Shear Load (top) & Bolt Numbering (bottom)
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Fig. 12. A-B Slip [m] & Contact Status Plot from EM Load Application 
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Fig. 13. B-C Bolt Preload & EM-Driven Shear Load (top) & Bolt Numbering (bottom)
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Fig. 14. B-C Slip [m] & Contact status Plot from EM Load Application 
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Fig. 15. C-C Bolt Preload & EM-Driven Shear Load (top) & Bolt Numbering (bottom)
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Fig. 16. C-C Slip [m] & Bolt Shear Loads [kip] from EM Load Application

4.2. Case Study 1> Results for the various CC inner leg options

The inner leg of the CC coil cannot be welded together like the other interfaces because of the electrical break isolation requirement.  As such, the inner leg is outfitted with inner bolts.  These bolts will be 1.375" diameter, which the same as the outer bolts.  However, the exact number (a maximum of 12 per flange) is still in question pending an access study on a full scale mock up.   
Fig. 18. shows a bar chart of the tensile preload and transverse shear load form the EM load application in each of the C-C bolts and a model plot of the friction scheme for the run.  Here, 6 bolts have been added to the CC even though there are holes present for all 12.  The additional holes (6 inner most holes indicated by x's) simply do not have any bar/pipe elements connecting them.   The bolts are preloaded to roughly 75 kip (kilo-pounds), and the flange and shim surfaces have a finish which produces a design-basis friction coefficient of 0.4 under all of the bolts.  The unbolted area on the extreme inboard has friction set to 0.04 friction.  In further analysis the inboard friction is also set to 0.4. which allows for a bounding range for slippage.   Fig 19 illustrates the sliding and contact behavior on the CC interface.  A similar series of plots is included for the case of adding twelve bolts instead of six (Fig. 20 - Fig. 21).
Table 3 shows a summary of the max slip and shear loading from the set of analyses All of the outboard bolts have very low shear (<1.5 kip).  This is indicative of the bolts being stuck and the loading transferred through friction as expected.  Some of the inner leg bolts see higher shear (approx 5 Kips) but these bolts see little to no motion under them.  This discrepancy is related to the contact stiffness problem defined above in section 3.4.  The shear loads are most likely high by at least a factor of 2.  Appendix 2 examines the inner leg of CC using 1.5" bolts and looks at a range of  contact stiffness.  The shear values drop by at least half on the inboard bolts as the stiffness increased by 10X.  Larger bolts are used in the appendix because the added preload was thought to be beneficial from a shear load standpoint.  However, the cost of the tooling required to achieve the 1.5" diameter threads is prohibitive.  Also, given that the shear loads are overestimated due to the contact stiffness and that the bolts can withstand up to 8 Kips of shear from a fatigue standpoint (Section 5), all of the inboard bolts and outboard bolts are stuck and friction is able to transfer the shear.  These bolts do experience some minimal residual shear form flange/flange deformation and typically this is under 1 Kip.  Further, although the low contact stiffness value causes an overestimate of bolt shear it has a minimal effect on sliding.  
All of the analysis on the CC joint, or any of the other joints, has always considered perfect fit up. To check this behavior, a 0.005" gap was instituted, (using an ANSYS contact element keyopt option), between the flange and the shim.  The results for bolt load and shim are shown in Fig 22 which indicates that the effect of the gap is minimal.  The max slippage still occurs in the same area after the coil has compressed down onto the flange.  The inner leg with the gap has standard contact behavior so that it can close as opposed to the sliding behavior of the areas around the bolts.  
Table 3:  Max slippage and peak shear of the inboard bolts 
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Fig. 17.  Maximum added C-C bolt holes
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Fig. 18. C-C Bolt Preload & EM-Driven Shear Load (top) & Friction scheme [6 added in board bolts]
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[image: image31]
Fig. 19. C-C Slip [m] & Bolt Shear Loads [kip] from EM Load Application [6 added in board bolts]
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Fig. 20. C-C Bolt Preload & EM-Driven Shear Load (top) & Friction scheme [12 added in board bolts]
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Fig. 21. C-C Slip [m] & Bolt Shear Loads [kip] from EM Load Application [12 added in board bolts]
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Fig. 22. C-C Slip [m] & Bolt Shear Loads [kip] and slippage (in)from EM Load Application [imperfect fit-up of .005" between flange and shim.]

4.3. Case Study 2> No preload on outer bolts with a welded (bonded) inner leg, AA, AB, BC.

The following figures (23-26) demonstrate the effect of welding the inner leg with bonded contact and letting the outer leg slip with the bolts having no preload applied to them.  In the case of the C-C flange the added inner leg bolts (12) are held at their respective preload levels but the outboard bolts are relaxed.  The friction on the outboard shims is set to 0.4 as before.  The intent here is to indicate which bolts are candidates for active preload monitoring.  Clearly, the situation where every bolt looses its preload is not expected to ever occur.  Still, this study demonstrates that even if this occurs, there are only a handful of bolts (Table 4) that exceed that fatigue limit (Section 5) of approximately 9 Kips, which gives a high degree of confidence to the design.  The bolts that have high shear loads are typically on the ends of their respective bolt patterns and are ideal candidates to be monitored with internal strain gages. 
Table 4:  Max Shear force and number of bolts exceeding fatigue limit of 9 Kips.


[image: image38.emf]Interface 

Joint

Largest Shear 

Load (k-lb)

Number of Bolts 

Exceeding Fatigue 

Limit of 9 Kips

Max Slip 

(inches) 

A-A 12 4 0.01

A-B 14 3 0.007

B-C 12 2 0.008

C-C 8 0 0.004


[image: image39.emf]AA Bolt Shear with weld and no preload on outer Bolts
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Fig. 23. A-A Bolt Preload & EM-Driven Shear Load (top) & Slippage (inches) (bottom) 
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Fig. 24. A-B Bolt Preload & EM-Driven Shear Load (top) & Slippage (inches) (bottom)
[image: image43.emf]A-B Bolt Shear with weld and no preload on outer 

Bolts

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526

Bolt #

Shear, k-lb

Shear Load (Pre+Em-Pre) Kips


[image: image44.emf] 

#1  

#8  

#9  

#11  

#12  

#17  

#18  

#20   #29  

#25  


Fig. 25. A-B Bolt Preload & EM-Driven Shear Load (top) & Slippage (inches) (bottom) 
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Fig. 26. A-A Bolt Preload & EM-Driven Shear Load (top) & Slippage (inches) (bottom) 
5. Individual Bolt models (Type 1 and Type 2)

5.1.1 Stiffness, Stress and Equivalent Models, Type-1 & Type-2 Bolted Joints (circa Nov 2006)

Design sketches of the Type-1 and Type-2 bolted connections are shown in Fig. 5.1-1. Detailed models are developed and used to determine their effective stiffness and local stresses from a unit shear load as shown in Figs. 5.1-2 and 5.1-3. When a unit load of 25 kip is applied to each joint type flange, bolt stresses develop as shown in Fig. 5.1-4. These results assume that Stycast fills a 30 mil annular gap around G11 collars. Recent design modifications eliminate the Stycast and change the collar material to SS. No revision to the detailed model has been made to evaluate this design change.

Notice that a 25 kip shear load produces bolt stresses of 107 ksi & 124 ksi in the Type-1 & Type-2 bolted joints, respectively. With an expected shear load of 13 kip, the bolt stresses will be 56 ksi and 64 ksi, excluding stress concentrations at the thread. Stresses of this order will require a fatigue evaluation for this high-cycle application.

Figs. 5.1-5 & 5.1-6 show equivalent joint modeling for inclusion in the global model. Notice that if the bolts are subjected to transverse slip, then the equivalent stiffness is like a 2.75" to 2.9" diameter rod in bending. If the joints are locked by friction, then the joint stiffness is determined by the actual bolt diameter (e.g., 1.375").

Fig. 5.1-1 Type-1 (through) & Type-2 Bolted (tapped) Joints
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Fig. 5.1-2 Type-1 Stiffness Calculation
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Fig. 5.1-3 Type-2 Stiffness Calculation
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Fig. 5.1-4 Fastener Stress from 25 kip shear load
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Fig. 5.1-5 Equivalent Type-1 Bolted Connection (2.9" dia. bolt in bending)

[image: image55.emf][image: image56.png]1483838 Ibfin at UZ=3 mils with 2.9" dia Bolt






Fig. 5.1-6 Equivalent Type-3 Bolted Connection (2.75" dia. bolt in bending)
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5.2 Stresses in the Revised Type-1 & Type-2 Bolted Joints (circa May 2007)

Slight modifications to the reference Type 1 & Type 2 bolted joints (shown in Fig. 5.2-1) have lead to a re-analysis of these mechanical fasteners. In this section, solid models from ORNL are cut in half (for computational efficiency), contact elements are added, material properties, boundary conditions and loads are applied and stresses are reported for a 20 kip unit shear load. Details are discussed below.

ANSYS models of the Type 1 & Type 2 joints are developed from ORNL SAT files (courtesy K. Freudenberg). Half-symmetry model plots are shown in Figs. 5.2-2 through 5.2-4, and correspond to the Type 1 (through-bolt), Type 2 (tapped hole), and Type 2a (extended steel bushing, tapped hole). Standard contact elements are judiciously placed between the shims and flanges, and between the bolt shank and the bushings & shim hole. All other interfaces should never slide or break contact, and so "gluing" these volumes before meshing improves the computational efficiency of the model without detracting from its accuracy. Two different bushing materials are considered; G-11CR and SS.

The joints are preloaded by imposing an elevated reference temperature on the slice of bolt shank material shown as blue in the model plots. This typically requires one solution cycle since calculating the reference temperature required to produce the desired 72 kip (48.5 ksi) preload would be difficult to estimate for this geometry. 

After establishing the proper preload, the joints are loaded by applying a shear load of 10 kip to the half-model, which is equivalent to 20 kip per joint. Friction is neglected since the intent of the analysis is to determine stresses produced by the shear load appearing on the bolts, as determined by the global model results of section 3.2. Therefore, the two load cases per analysis are executed:

· Load Step 1 (time=1.0): Bolt Preload ~72 kip, 0.0 kip Shear Load

· Load Step 2 (time=2.0): Bolt Preload plus 20 kip Shear Load

While the static tensile stress in the bolt is important, the cyclic EM loading is likely to be the more critical design factor. When evaluating the effects of changes in a stress-state, the stress range is the salient parameter. Load Step 1 results are subtracted from Load Step 2 results to produce a stress range. This operation subtracts-out the preload stress which does not change during the shear load application cycle. 

Fig. 5.2-5 shows plot of the 1st principal stress range in the Type-1 bolt as a result of this load step subtraction operation. These contour plots also show the "Stress Linearization Path." This "Path" is placed at a critical location within the bolt shank, where large bending stresses coincide with the geometric stress concentration of the threads. You will notice that the path does not occur at the location of the maximum stress in the model. By studying Fig. 5.2-1 we see the extent of the threads, where these local tensile stresses will be amplified by the thread stress concentration factor. Model stresses are higher at other locations within the shank, but there are no threads at those locations to intensify the stress. 

Similar 1st principal stress plots are shown in Figs. 5.2-6 for the Type-2 (G-11 & Metallic bushings) and Fig. 5.2-7 for the Type-2a (extended metallic bushing) configurations. Notice that the Path occurs right at the maximum stress location for these Type-2 and Type 2a joints, since it happens to coincide with bolt thread.

The following (5) plots show the axial stress profile as a function of distance along the path for each configuration. The plots reveal some noteworthy results:

· The stress profile indicates a predominantly Bending component (no surprise)

· The MEM+BEND stress and TOTAL stress are essentially the same for the Type-1 joint

· There is a significant PEAK stress component {TOTAL-(MEM+BEND)}in the Type-2 & 2a joints based on the bolt-hole geometric discontinuity.

Since the model does not explicitly include the bolt threads, their influence has to be added by amplifying the local MEM+BEND stress. This is perfectly consistent with the ASME Code approach and the textbook definition of a Stress Intensification Factor (SIF). Incidentally, the SIF of these bolt threads will be a function of the thread form. Rolled threads have a lower SIF than cut threads. However, in the absence of a precise value, the ASME Code recommends a bolt thread SIF (kthread) of 4.0 as shown in Fig. 5.2-13.

Below each stress profile or "section" plot is a listing of the categorized stresses for each stress component. We need to amplify a particular stress component by the thread SIF. Amplifying SY is a logical choice since the thread concentration is normal to this stress component. However, amplifying S1 (max tensile stress) is also appropriate and conservative, if not essentially the same as SY. In addition, it would be difficult to ignore the Peak stress component that the model is able to capture, which also contributes to the total stress at this max stress location. Therefore, the total stress range which is used to evaluate the fatigue life of the bolts is defined as follows:

∆Stot = (kthread)(∆S1) + PEAK

Table 5.2-1 lists the numerical values of this operation and the Total Intensified Stress Range. Keep in mind that these values are based on a 20 kip unit shear load. 

Table 5.2-1 Joint Fastener Fatigue Evaluation, 20 kip Shear Load Range

	Joint Type
	Type 1
	Type 2
	Type 2a

	Bushing Material
	G-11CR
	SS
	G-11CR
	SS
	SS

	Un-Intensified Stress Range per 20 kip Shear Load (∆S1), ksi
	30.4
	17.9
	50.4
	42.9
	35.4

	Thread Stress Intensification Factor
	4
	4
	4
	4
	4

	Peak Stress Range per 20 kip Shear Load, ksi
	0.3
	0.0
	47.4
	41.5
	26.3

	Total Intensified Stress Range per 20 kip Shear Load, ksi
	122
	72
	249
	213
	168


Now, these stresses must be compared to a design-basis fatigue curve of the bolt material at the 77K operating temperature. Fig. 5.2-14 shows fatigue data for our A286 bolt material at RT, 77K and 4K (Reference: N. Suzuki, "Low-Cycle Fatigue Characteristics of Precipitation-Hardened Superalloys at Cryogenic Temperatures," Journal of Testing and Evaluation, JTEVA, Vol. 28, No. 4, July 2000. pp. 257-266.). The 77K curve is digitized in an Excel spreadsheet, and curve-fit to ANB. The coefficient A is divided by 2 to make a design-basis fatigue curve. The equation is then used to estimate the number of cycles to failure as a function of the bolt shear load for each of the (5) configurations listed in Table 4.2-1. Results are plotted and shown in Fig. 4.2-15.

Clearly, Type 1 joints can support higher cyclic shear loads than Type 2 joints. Using SS bushings instead of G-11CR bushings improves the fatigue life of both Type 1 & Type 2 joint designs. In addition, modifying the Type 2 design by extending the bushing into a counter-bore in the adjacent flange face increases the shear capacity over the reference Type 2 design. The plot shows that only the Type 2 joint with a G-11 bushing does not provide sufficient fatigue strength to survive the estimated 9 kip load range for 100,000 EM cycles. The plot can also be used to evaluate the acceptability of any design for any number of cycles.

Fig. 5.2-1 May 2007 Joint Designs, Type 1 (top) & Type 2 (bottom)
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Fig. 5.2-2 ANSYS Model, Type 1 Bolted Connection
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Fig. 5.2-3 ANSYS Model, Type 2 Bolted Connection
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Fig. 5.2-4 ANSYS Model, Type 2a Bolted Connection, Extended Metallic Bushing
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Note: There are no contact elements between the bolt shank and bushing ID for this Type 2a configuration. The intention of this bolting structure is to isolate the bolt from stresses due to shear and local contact. In this case, the metallic bushing is designed to carry the shear load.

Fig. 5.2-5 1st Principal Stress Range in Type 1 Bolt from 20 kip Shear Load G-11 Bushing (top), Metallic Bushing (bottom) 
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Fig. 5.2-6 1st Principal Stress Range in Type 2 Bolt from 20 kip Shear Load G-11 Bushing (top), Metallic Bushing (bottom)
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Fig. 5.2-7 1st Principal Stress Range in Type 2a Bolt from 20 kip Shear Load Extended Metallic Bushing
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Fig. 5.2-8 Type 1 Section Stress Profile, G-11 Bushing
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              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I   1.573      0.3030E+05   721.7      -1654.       9.750     -0.1127    

 C  -11.86      -1914.      -63.53      -1473.       2.267      -1.354    

 O  -25.28     -0.3413E+05  -848.7      -1293.      -5.217      -2.596    

      S1          S2          S3         SINT        SEQV

 I  0.3039E+05   721.7      -88.40      0.3048E+05  0.3008E+05

 C   790.4      -63.53      -2717.       3507.       3168.    

 O   23.64      -848.7     -0.3418E+05  0.3420E+05  0.3378E+05

              ** TOTAL **  I=INSIDE C=CENTER O=OUTSIDE 

      SX          SY          SZ         SXY         SYZ         SXZ

 I  -27.02      0.3069E+05   466.5      -10.28      -1.327       11.06    

 C  -43.60      -2182.      -104.6      -2464.      -2.889       9.850    

 O   22.69     -0.3347E+05  -452.3      -13.39       8.259       13.59    

      S1          S2          S3         SINT        SEQV        TEMP

 I  0.3069E+05   466.7      -27.27      0.3072E+05  0.3047E+05   0.000    

 C   1573.      -104.7      -3799.       5372.       4760.    

 O   23.08      -452.7     -0.3347E+05  0.3350E+05  0.3326E+05   0.000    

Fig. 5.2-9 Type 1 Section Stress Profile, Metallic Bushing
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              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I   28.58      0.1767E+05   343.8      -1781.       8.942      0.6724    

 C   26.95      -1501.      -84.05      -1653.       2.717      -1.073    

 O   25.33     -0.2067E+05  -511.9      -1524.      -3.508      -2.818    

      S1          S2          S3         SINT        SEQV

 I  0.1785E+05   343.8      -149.4      0.1800E+05  0.1776E+05

 C   1084.      -84.06      -2558.       3641.       3220.    

 O   137.0      -511.9     -0.2078E+05  0.2092E+05  0.2060E+05

              ** TOTAL **  I=INSIDE C=CENTER O=OUTSIDE 

      SX          SY          SZ         SXY         SYZ         SXZ

 I  -13.44      0.1792E+05   235.3       4.414     -0.8974       6.801    

 C   45.76      -1649.      -115.4      -2615.      -1.723       6.860    

 O   12.15     -0.2042E+05  -298.2      -9.731       3.657       6.875    

      S1          S2          S3         SINT        SEQV        TEMP

 I  0.1792E+05   235.4      -13.63      0.1793E+05  0.1781E+05   0.000    

 C   1947.      -115.4      -3550.       5498.       4810.    

 O   12.31      -298.4     -0.2042E+05  0.2043E+05  0.2028E+05   0.000    

Fig. 5.2-10 Type 2 Section Stress Profile, G-11 Bushing
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              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.2945E+05  0.4281E+05  0.1865E+05  0.1259E+05  -395.8      -43.14    

 C   2610.      -848.9       489.6      0.1099E+05  -9.107      -86.52    

 O -0.2423E+05 -0.4450E+05 -0.1767E+05   9386.       377.6      -129.9    

      S1          S2          S3         SINT        SEQV

 I  0.5038E+05  0.2189E+05  0.1863E+05  0.3175E+05  0.3025E+05

 C  0.1200E+05   489.4     -0.1024E+05  0.2224E+05  0.1927E+05

 O -0.1766E+05 -0.2055E+05 -0.4819E+05  0.3053E+05  0.2919E+05

              ** TOTAL **  I=INSIDE C=CENTER O=OUTSIDE 

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.4460E+05  0.8141E+05  0.3299E+05  0.2953E+05  -1163.      -1249.    

 C   1394.      -2113.       42.81       8763.      -13.10       40.58    

 O -0.3290E+05 -0.7316E+05 -0.2834E+05  0.2367E+05   1042.      -1418.    

      S1          S2          S3         SINT        SEQV        TEMP

 I  0.9784E+05  0.3301E+05  0.2815E+05  0.6969E+05  0.6739E+05   0.000    

 C   8578.       42.89      -9297.      0.1787E+05  0.1548E+05

 O -0.2184E+05 -0.2840E+05 -0.8414E+05  0.6230E+05  0.5929E+05   0.000    

Fig. 5.2-11 Type 2 Section Stress Profile, Metallic Bushing
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              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.2632E+05  0.3294E+05  0.1584E+05  0.1286E+05  -337.0      -32.61    

 C   2301.      -923.6       655.2      0.1107E+05  -10.89      -68.57    

 O -0.2171E+05 -0.3478E+05 -0.1453E+05   9285.       315.3      -104.5    

      S1          S2          S3         SINT        SEQV

 I  0.4291E+05  0.1640E+05  0.1578E+05  0.2713E+05  0.2683E+05

 C  0.1188E+05   655.0     -0.1050E+05  0.2238E+05  0.1938E+05

 O -0.1452E+05 -0.1690E+05 -0.3961E+05  0.2509E+05  0.2399E+05

              ** TOTAL **  I=INSIDE C=CENTER O=OUTSIDE 

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.4016E+05  0.6896E+05  0.2870E+05  0.2613E+05  -992.3      -1087.    

 C   690.7      -2303.       219.3       9920.      -16.71       38.51    

 O -0.2834E+05 -0.5885E+05 -0.2332E+05  0.1995E+05   882.0      -1187.    

      S1          S2          S3         SINT        SEQV        TEMP

 I  0.8443E+05  0.2871E+05  0.2468E+05  0.5976E+05  0.5785E+05   0.000    

 C   9226.       219.4     -0.1084E+05  0.2006E+05  0.1741E+05

 O -0.1839E+05 -0.2338E+05 -0.6874E+05  0.5036E+05  0.4806E+05   0.000    

Fig. 5.2-12 Type 2a Section Stress Profile, Metallic Bushing
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              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.2494E+05  0.3430E+05  0.1689E+05   3258.       799.6       1310.    

 C   4517.      -1151.       1488.       1346.       187.1       613.0    

 O -0.1590E+05 -0.3660E+05 -0.1392E+05  -566.5      -425.4      -83.92    

      S1          S2          S3         SINT        SEQV

 I  0.3539E+05  0.2405E+05  0.1668E+05  0.1871E+05  0.1633E+05

 C   4938.       1370.      -1455.       6394.       5550.    

 O -0.1391E+05 -0.1589E+05 -0.3662E+05  0.2272E+05  0.2179E+05

              ** TOTAL **  I=INSIDE C=CENTER O=OUTSIDE 

      SX          SY          SZ         SXY         SYZ         SXZ

 I  0.3710E+05  0.5968E+05  0.2774E+05   6984.       1081.       1822.    

 C   3307.      -2161.       879.0      -183.4       66.68       506.1    

 O -0.2153E+05 -0.5378E+05 -0.2247E+05   437.9      -78.75      -46.18    

      S1          S2          S3         SINT        SEQV        TEMP

 I  0.6174E+05  0.3539E+05  0.2740E+05  0.3434E+05  0.3112E+05   0.000    

 C   3413.       781.2      -2170.       5583.       4838.    

 O -0.2153E+05 -0.2248E+05 -0.5378E+05  0.3226E+05  0.3179E+05   0.000    

Fig. 5.2-13 ASME Code Base Thread Stress Intensification Factor (NB-3232.3 (c))
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Fig. 5.2-14 Fatigue Data for A286 (N. Suzuki) & Proposed NCSX Design-Basis Fatigue Curve
[image: image75.emf]Notes:

1. Suzuki reports an elastic modulus of 223 GPa for A286 at 77K. 

2. Total Stress Range = Elastic Modulus x Total Strain Range

3. NCSX Structural Design Criteria requires reducing test data by a factor of 2 to obtain a design-basis fatigue curve.
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Fig. 5.2-15 Allowable Number of Shear Load Cycles (N) v. Bolt Shear Load for each of the (5) Bolted Joint Configurations
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Assumptions:

1. Stresses scale with applied bolt shear load. 

2. Stress Intensification Factor of 4.0 applicable to bolt threads.

3. Cycles to Failure obtained from Design-Basis fatigue curve-fit and FE model stresses.

5.3 Stresses in the Revised Type-1 & Type-2 Bolted Joints (circa July 2007)

The recent release of the final reference Type 1 & Type 2 bolted joint design details (UT-Battelle ORNL drawing SE 140-190 Rev 2, parts shown in Fig. 4.3-1) indicates one minor which necessitates a re-analysis of these mechanical fasteners. The shims have a clearance hole of 1.5" diameter. (They used to be a tight-fit to the bolt). The analysis methodology follows the approach presented in section 5.2. Even the models are carried over from the section 5.2 analyses, with this simple shim hole change (see Figs. 5.3-2 & 5.3-3).

Fig.5.3-4 shows a stress contour plot of the Type 1 bolt subjected to a 20 kip shear load. The contours correspond to the stress range (Load Step 2 minus Load Step 1) and therefore reflect the stress range from the shear load only. Paths P1 and P2 define the sections through the highest thread stress (2" from the ends of the bolt). Although the plot shows the 1st principal stress, we must be mindful of the 3rd principal stress which would be "tensile" if the shear load sign was applied as a negative value.

Table 5.3-1 lists the section stress range from this 20 kip shear load across the P2 and P3 bolt sections. Recall from section 4.2 that the Total bolt stress range is defined by the following equation with an adjustment proposed here to include ∆S3 also:

∆Stot = (kthread)(∆S1) + PEAK or (kthread)(∆S3) + PEAK

Similar results are shown in Fig. 5.3-5 and Table 5.3-2 for the Type 2 joint with the following exception. There is only one critical bolt section which occurs at the surface of the tapped hole. 

Table 5.3-3 lists the numerical values associated with this equation and the Total Intensified Stress Range. Keep in mind that these values are based on a 20 kip unit shear load and can come from ∆S1 or ∆S3. 

Table 5.3-3 Total Intensified Joint Fastener Stress from 20 kip Shear Load Range

	Joint Type
	Type 1
	Type 2

	Un-Intensified Stress Range, ksi
	-35.4
	-50.5

	Thread Stress Intensification Factor
	4
	4

	Peak Stress Range, ksi
	-1.1
	-40.0

	Total Intensified Stress Range, ksi
	143
	242


These revised total intensified stress values are used in a spread sheet along with A286 fatigue data to create the design-basis shear load fatigue curve shown in Fig. 5.3-6. Focusing on the project's 100000 cycle design life, we see that the Type 1 joint shear loads should not exceed ~15 kip, while the Type 2 joint shear loads should not exceed ~9 kip. While the clearance hole in the shim has almost no impact on the Type 2 joint, it results in a slight reduction in the shear capacity of the type 1 joint. 

Fig. 5.3-1 July 2007 Joint Designs, Type 1 (top) & Type 2 (bottom)
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Fig. 5.3-2 ANSYS Model, Type 1 Bolted Connection
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Fig. 5.3-3 ANSYS Model, Type 2 Bolted Connection
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Fig. 5.3-4 1st Principal Stress Range in Type 1 Bolt from 20 kip Shear Load
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[image: image83.emf] 

Note: Sections taken 2" from bolt ends (per SE 140-191 Rev1)

Table 5.3-1 Type 1 Section Stress Range from 20 kip Shear Load, G-11 Bushing

Linearized (Membrane + Bending) Stress Across Section P2

              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I   4.203     -0.3430E+05  -572.2      -2085.       7.300      -3.512    

 C  -55.31      -2521.       18.66      -2314.       1.576      -1.693    

 O  -114.8      0.2926E+05   609.5      -2542.      -4.148      0.1249    

      S1          S2          S3         SINT        SEQV

 I   130.5      -572.2     -0.3443E+05  0.3456E+05  0.3421E+05

 C   1334.       18.65      -3910.       5243.       4725.    

 O  0.2948E+05   609.5      -333.2      0.2981E+05  0.2935E+05

              ** PEAK **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I   7.727       718.6       252.2       2069.      -6.175      -2.994    

 C  -59.75      -254.8      -20.80      -1297.       8.614      -1.127    

 O   101.7       394.3      -169.8       2501.      -25.14     -0.9168    

      S1          S2          S3         SINT        SEQV

 I   2462.       252.1      -1736.       4198.       3637.    

 C   1144.      -20.82      -1458.       2602.       2257.    

 O   2754.      -169.8      -2258.       5011.       4360.    

Linearized (Membrane + Bending) Stress Across Section P3

      SX          SY          SZ         SXY         SYZ         SXZ

 I  -19.80      0.3047E+05   708.5      -1836.       10.32      0.1745    

 C  -31.87      -2450.      -88.57      -1628.       2.318      -1.448    

 O  -43.95     -0.3537E+05  -885.7      -1420.      -5.681      -3.070    

      S1          S2          S3         SINT        SEQV

 I  0.3058E+05   708.5      -130.0      0.3071E+05  0.3030E+05

 C   787.3      -88.57      -3269.       4056.       3697.    

 O   13.09      -885.7     -0.3543E+05  0.3544E+05  0.3500E+05

              ** PEAK **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I  -6.206       354.1      -238.3       1828.      -11.85       10.73    

 C  -48.88      -225.4      -50.34      -1074.      -5.461       11.61    

 O   67.58       603.5       419.8       1406.       13.68       17.46    

      S1          S2          S3         SINT        SEQV

 I   2010.      -238.1      -1663.       3673.       3208.    

 C   940.8      -50.48      -1215.       2156.       1869.    

 O   1768.       419.5      -1096.       2864.       2481.    

Fig. 5.3-5 1st Principal Stress Range in Type 2 Bolt from 20 kip Shear Load
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Note: Sections taken at edge of hole (also max stress location) since threads are certain to be there.

Table 5.3-2 Type 2 Section Stress Range from 20 kip Shear Load, G-11 Bushing

Linearized (Membrane + Bending) Stress Across Section P2

              ** MEMBRANE PLUS BENDING **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I -0.2595E+05 -0.4633E+05 -0.1892E+05  0.1013E+05   824.6      -171.2    

 C   2114.      -2644.       105.2      0.1075E+05   72.58      -67.66    

 O  0.3017E+05  0.4105E+05  0.1913E+05  0.1136E+05  -679.4       35.87    

      S1          S2          S3         SINT        SEQV

 I -0.1889E+05 -0.2178E+05 -0.5054E+05  0.3165E+05  0.3031E+05

 C  0.1074E+05   106.1     -0.1127E+05  0.2201E+05  0.1907E+05

 O  0.4821E+05  0.2306E+05  0.1908E+05  0.2913E+05  0.2736E+05
              ** PEAK **  I=INSIDE C=CENTER O=OUTSIDE

      SX          SY          SZ         SXY         SYZ         SXZ

 I -0.1089E+05 -0.3404E+05 -0.1273E+05  0.1285E+05   2072.      -1305.    

 C  -892.1      -88.25      -107.5      -1794.      -95.14       108.6    

 O  0.1352E+05  0.3147E+05  0.1203E+05  0.1388E+05  -998.8      -930.4    

      S1          S2          S3         SINT        SEQV

 I  -5161.     -0.1253E+05 -0.3997E+05  0.3481E+05  0.3177E+05

 C   1362.      -121.0      -2329.       3692.       3217.    

 O  0.3908E+05  0.1198E+05   5952.      0.3313E+05  0.3057E+05

Fig. 5.3-6 Allowable Number of Shear Load Cycles (N) v. Bolt Shear Load circa July 2007 Bolted Joint Configurations
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Assumptions:

1. Stresses scale with applied bolt shear load. 

2. Stress Intensification Factor of 4.0 applicable to bolt threads.

3. Design-Basis Cycles obtained from Design-Basis fatigue curve-fit and FE model stresses.
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A. Attachments
A.1 Bonded Interfaces

The analysis begins with a simulation assuming all coil-to-coil flange interfaces are bonded. This provides an estimate of the shear loads which must be carried by friction and bolts, with particular attention given to the inboard leg region. A postprocessing macro is developed to integrate the two in-plane shear components over small regions and turn them into shear stress as a function of poloidal angle shown in Figs. A.1-1 through A.1-4. The plots show the magnitude of the shear stress at each interface. Interfaces A-A, A-B & C-C must transmit a peak shear stress of ~10 MPa, while B-C has a peak of ~18 MPa. Of course, the shear areas differ substantially, so the magnitude of the shear forces is different for each interface.

Fig. A.1-1 Subdivision of A-A Inboard Leg and Integrated Shear Stresses
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[image: image87.emf]A-A Inboard Leg Shear Stress
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Fig. A.1-2 Subdivision of A-B Inboard Leg (Similar to A-A) and Integrated Shear Stresses
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[image: image89.emf]A-B Inboard Leg Shear Stress
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  Fig. A.1-3 Subdivision of B-C Inboard Leg (Similar to A-A) and Integrated Shear Stresses
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[image: image91.emf]B-C Inboard Leg Shear Stress
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Fig. A.1-4 Subdivision of C-C Inboard Leg (Similar to A-A) and Integrated Shear Stresses
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[image: image93.emf]C-C Inboard Leg Shear Stress
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A.2 Using Larger C-C inner Leg Bolts
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[image: image95.emf]6 ADDED 1.5” BOLTS

Friction = 0.04 on Inner-leg region,                         

mu = 0.4 everywhere else

Outer Bolts #1 and #32 are now completely stuck.  

Inner leg slippage has been essentially eliminated.
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according to the status plot. 

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 added in-

board bolts with perfect fitup
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[image: image96.emf]12 ADDED 1.5” BOLTS

C-C Bolt Preload & EM-Driven Bolt Shear Load with 12 added 
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[image: image98.emf]Reverse 6 ADDED 1.5” BOLTS

Friction = 0.04 on Inner-leg region,                         

mu = 0.4 everywhere else

Outer Bolts #1 and #32 are now completely stuck.  

Inner leg slippage has been essentially eliminated.

Innermost inboard bolts (#35 - #36) are still stuck.   

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse 

added in-board bolts with perfect fitup
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[image: image99.emf]Study on the Inner Leg of CC

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with 
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[image: image100.emf]Inner Leg Bolts Only

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with 
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STRESS LIMITS FOR BOLTS

NB-3231  Design Conditions

{a) The number and cross-sectional area of bolts
sequired to resist the design pressure shal be deter-
mined in accordance with the procedures of Appen-
dix E. using the larger of the bolt loads given by the
equations of Appendin E as & design mechanical
foad. The allowable bol: design stresses shall be the
values given in Tat for bolting material

~ (b) When scaling s efiected by a seal weld instead
of 3 gasker, the gasket factor. . and the minimum
design seating stres, y, may be taken as 2ero.

(¢ When gaskets are used for preservice testing
onls. the design is satsfactory if the above require-
ments are satished for m: and the require-
‘ments of NB-3232 are satisfed when the appropriate
m and v factors are used for the test gasket.

NB.3232

Actual servies strsses in bols. such as those pro-
duced by the combination of preload. pressure and
diflerental thermal expansion may be igher than
the values given in Tabe I-1.3,

Normsl Conditions

NB.3232.1 Average Stress. The maximum value
of service stess. averaged across the bolt eross.sec-
tion and neglecting stress concentrations. shall not
exceed two tmes the stress values of Tabie 1-1.3

NE-3232.2 Maximum Stress (Except As Resticted
by NB-32323). The maximum value of service
stres at the periphery of the bolt cross-section (re-
suling from direct tension plus bending) and neglect-
ing sress concentrations shall not caceed three times
the smess values of Table I-L3. Stress imtensiy.
Father than maximum stress. shall be limited to this
value when the bolrs are tightened by methods other
than heaters, sretchers or other means which minj-
mize residual torsion.

NB-3232.3 Fatigue Analysis of Boks. Unless the
components on which they are installed meet al the
conditions of NB-3222.4(d) and thus require b0
fatigue analysi, the suitabilty of bolts for cyclic op-
eration shall be determined in accordance with the
procedures of the following subsubparasraphs,

1a) Bolting Having Less Than 100.000 psi Ten:
sie Strength, Bolts made of materials which have
specified minimum tensile strengths of kess than 100.-
1000 ps shall be evaluated for cyelc operation by the
methods of NB-3222.4/e). using the applicable de-

'NB-3000-DESIGN

B

sign fatigue curve of Fig. 1.9.4 and an appropria
fatgue strength reduction factor (ste NB-3232.3(c)).

(b) Higi-StrengthAlloy-Steel Bolting. _Hi
strength alloy-steel bolis and studs may be evaluated
for cyclic operation by the methods of NB-3222.4(e)
using the design faigue curve of Fig, 1-0.4 provided:

(1) The maximum value of the service stress
(see NB-3232.2) at the periphery of the bolt cross-
section (sesultng from direct tension plus bending)
2nd neglecting stress concentration shall not exceed
27 5...if the higher of the two fatigue design curves
given in Fig. 1-9.4 is used. (The 2 5., fimit for direct
tension is unchanged.)

(2) Threads shali be of a V-type having a mini-
‘mum thread root radius no smalle than 0.003 in.

(2) Fillet radii at the end of the shan shall be
such that the ratio of fllet radius 1o shank diameter
s not less than 0.060.

(¢) Fatigue-Strength-Reduction Facior (see NB-
3213.47), Uniess it can be shown by analysis or ests
that a lower vaiue is appropriate, the fatigue-strength-
reduction factor sed in the fatigue evaluation of
threaded members shall not be less than 4.0. How-
ever, when applying the rules of NB-3232.3(b) for
high-strengeh alloy-steel bolts, the value used shall
ot beless tha 2.0

(d) Effect of Elastic Modulus. Muliply S, (15
determined in NB-3216.1 or NB-3216.2) by the ratic
of the modulus of elasicity given on the design fo-
tigue curve to the value of the modulus of clasticiny
used in the analysis, Enter the applicable design fo-
igue curve at this value on the ordinate 2xis and find
the corresponding number of cycles on the axis of
abscissas. 1f the operational ccle being considered
is the only one which produces signifiant fiuctuating
sresses, this is the allowable number of cycles.

(e) Cumulative Damage. The bols shall be ac-
ceptable for the specified cyclic application of loads
and thermal stresses provided the cumulative usage
factor. U, as determined in NB-3222.4(e¥(5) does
notexceed 1.0.

NB-3233 Upset Conditions
‘The stress limits for Normal Conditions (see NB-
32) apply
NB-3234  Emergency Conditions

Te stress limits of NB-3332.1 and NB-
apply
NB.3235  Fauited Conditions

The limits of NB-3225 apply
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[image: image108.emf]C-C Bolt Preload & EM-Driven Bolt Shear Load
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[image: image111.emf]E (Mpa) CTE /K Poisson's Ratio

Tee/shell 151,000.00 0.00E+00 0.31
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Top pad 21.28 1.25E-03 0
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AA-out-slip

		

						STAT		MIXED       M		IXED

						ELEM		Preload		FYZIKIP		Shear Load (Pre+Em-Pre) Kips

		lower left		1		313815		-6.8999		5.3417		5.3

				2		313828		-3.5915		3.2505		3.3

				3		313841		-2.161		1.1251		1.1

				4		313854		-2.5463		0.85624		0.9

				5		313867		0.9289		10.698		10.7

				6		313880		0.54514		6.8281		6.8

				7		313893		0.33427		6.645		6.645

				8		313906		-3.39E-02		7.3331		7.3331

				9		313919		-0.192		8.6002		8.6002

				10		313932		-0.35418		12.042		12.042

				11		313945		-0.33269		12.043		12.043

				12		313958		-0.11937		8.6015		8.6015

				13		313971		4.99E-02		7.333		7.333

				14		313984		0.42408		6.6399		6.6399

				15		313997		0.65997		6.8179		6.8179

				16		314010		1.1075		10.681		10.681

				17		314023		-2.5822		0.741		0.741

				18		314036		-2.197		1.0531		1.0531

				19		314049		-3.7044		3.1213		3.1213

				20		314062		-7.1221		5.0417		5.0417

						STAT		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		Shear Load (Pre+Em-Pre) Kips

				1		312861		-2.0775		5.6207		5.6207

				2		312862		-1.2556		5.6124		5.6124

				3		312863		-0.83034		3.5626		3.5626

				4		312864		6.35E-02		3.719		3.719

				5		312865		0.11212		4.3403		4.3403

				6		312866		0.12311		3.8255		3.8255

				7		312867		0.48644		5.1111		5.1111

				8		312868		2.3856		6.215		6.215

				9		312869		2.0085		5.769		5.769

				10		312870		-0.16093		10.747		10.747

				11		312871		-2.6866		14.324		14.324

				12		312872		-2.5425		9.3724		9.3724

				13		312873		-1.7218		6.3865		6.3865

				14		312874		-1.167		6.3674		6.3674

				15		312875		-3.90E-02		5.8094		5.8094

				16		312876		4.0376		5.039		5.039

				17		312877		4.6389		1.6749		1.6749

				18		312878		2.7931		7.0879		7.0879																																										inc

				19		312879		1.4689		5.2012		5.2012																																								1.66E-04		1.84E-05

				20		312880		1.6406		3.5139		3.5139

				21		312881		1.2787		2.1764		2.1764																																						0

				22		312882		1.5326		1.361		1.361																																						1.84E-05		0.0007

				23		312883		-1.252		0.61196		0.61196																																						3.69E-05		0.0015

				24		312884		-0.55437		0.24666		0.24666																																						5.53E-05		0.0022

				25		312885		-1.6778		0.27268		0.27268																																						7.38E-05		0.0029

				26		312886		-2.5125		0.26861		0.26861																																						9.22E-05		0.0036

																																																		1.11E-04		0.0044

																																																		1.29E-04		0.0051

						STAT		MIXED		MIXED																																								1.48E-04		0.0058

						ELEM		FXIKIP		FYZIKIP		Shear Load (Pre+Em-Pre) Kips																																						1.66E-04		0.0065

				1		313670		-0.50691		3.5567		3.5567

				2		313671		2.4892		11.165		11.165

				3		313672		3.13E+00		12.152		12.152

				4		313673		3.1892		5.203		5.203

				5		313674		1.3451		5.9451		5.9451

				6		313675		1.557		8.6229		8.6229

				7		313676		1.4298		8.8428		8.8428

				8		313677		1.2094		8.9327		8.9327

				9		313678		0.20054		3.6445		3.6445

				10		313679		-1.0588		5.0905		5.0905

				11		313680		-7.0536		6.645		6.645

				12		313681		-0.22973		4.2154		4.2154

				13		313682		3.0477		2.6381		2.6381

				14		313683		2.63E+00		2.5375		2.5375

				15		313684		1.6066		1.36		1.36

				16		313685		4.78E-02		1.6426		1.6426

				17		313686		0.68012		2.6206		2.6206

				18		313687		-0.61478		0.6232		0.6232

				19		313688		1.4007		2.1698		2.1698

				20		313689		8.3342		4.5714		4.5714

				21		313690		2.2911		7.1987		7.1987

				22		313691		2.9475		7.8706		7.8706

				23		313692		3.6274		7.1409		7.1409

				24		313693		3.5569		5.0592		5.0592

				25		313694		2.7548		8.6813		8.6813

				26		313695		-0.29412		4.4627		4.4627

				27		313696		-4.517		5.7049		5.7049

				28		313697		-2.0134		5.8112		5.8112

				29		313698		-3.9456		4.6672		4.6672

						STAT		MIXED		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

				1		312512		0.59078		8.0419		7.7362

				2		312525		1.2228		5.6457		5.4654

				3		312538		1.5863		4.1028		3.9836

				4		312551		2.4605		3.7543		3.6443

				5		312564		2.6666		4.8445		4.7255

				6		312577		2.5752		5.6064		5.4782

				7		312590		1.1401		6.5031		6.3467

				8		312603		-0.66358		6.1235		5.9614

				9		312616		-1.63E+00		5.145		4.9846

				10		312629		-1.7461		3.6541		3.4978

				11		312642		0.89638		3.2105		3.3031

				12		312655		1.2953		4.362		4.4507

				13		312668		1.5236		4.0939		4.1682

				14		312681		1.61E+00		3.9474		4.0144

				15		312694		3.32E+00		2.927		2.9871

				16		312707		-1.8311		3.8348		3.8618

				17		312722		-1.8001		3.8494		3.8764

				18		312735		3.3427		2.8957		2.9557

				19		312748		1.6612		3.9249		3.9919

				20		312761		1.5912		4.0681		4.1425

				21		312774		1.3708		4.3389		4.4277

				22		312787		0.94483		3.1965		3.2892

				23		312800		-1.8183		3.6188		3.4623

				24		312813		-1.7361		5.1105		4.95

				25		312826		-0.79731		6.1075		5.9452

				26		312839		0.98581		6.5283		6.371

				27		312852		2.4315		5.6702		5.5404

				28		312865		2.5335		4.9154		4.7948

				29		312878		2.3508		3.824		3.7124

				30		312891		1.5181		4.1285		4.0084

				31		312904		1.1387		5.6632		5.4817

				32		312917		0.47165		8.0497		7.7429

				33		312930		97.885		2.9285		1.8722

				34		312943		92.85		3.7574		1.4

				35		312956		92.872		4.4154		1.5141

				36		312969		92.834		4.639		1.6878

				37		312982		90.297		5.4413		2.2283

				38		312995		89.365		7.5173		3.6021

				39		313008		89.599		3.8213		3.9456

				40		313021		90.436		2.1017		2.3655

				41		313034		92.939		1.4179		1.8193

				42		313047		92.968		1.3524		1.6121

				43		313060		92.92		1.0475		1.4708

				44		313073		97.922		1.0992		1.8999

																		Interface Joint		Largest Shear Load (k-lb)		Number of Bolts Exceeding Fatigue Limit of 9 Kips		Max Slip (inches)

																		A-A		12		4		0.01

																		A-B		14		3		0.007

																		B-C		12		2		0.008

																		C-C		8		0		0.004





AA-out-slip

		5.3417

		3.2505

		1.1251

		0.85624

		10.698

		6.8281

		6.645

		7.3331

		8.6002

		12.042

		12.043

		8.6015

		7.333

		6.6399

		6.8179

		10.681

		0.741

		1.0531

		3.1213

		5.0417



Shear Load (Pre+Em-Pre) Kips

Bolt #

Shear Load, k-lb

AA Bolt Shear with weld and no preload on outer Bolts



CC Flange Bolts (4)

		5.6207

		5.6124

		3.5626

		3.719

		4.3403

		3.8255

		5.1111

		6.215

		5.769

		10.747

		14.324

		9.3724

		6.3865

		6.3674

		5.8094

		5.039

		1.6749

		7.0879

		5.2012

		3.5139

		2.1764

		1.361

		0.61196

		0.24666

		0.27268

		0.26861



Shear Load (Pre+Em-Pre) Kips

Bolt #

Shear, k-lb

A-B Bolt Shear with weld and no preload on outer Bolts



CC Flange Bolts (3)

		3.5567

		11.165

		12.152

		5.203

		5.9451

		8.6229

		8.8428

		8.9327

		3.6445

		5.0905

		6.645

		4.2154

		2.6381

		2.5375

		1.36

		1.6426

		2.6206

		0.6232

		2.1698

		4.5714

		7.1987

		7.8706

		7.1409

		5.0592

		8.6813

		4.4627

		5.7049

		5.8112

		4.6672



Shear Load (Pre+Em-Pre) Kips

Bolt #

Shear, k-lb

B-C Bolt Shear with weld and no preload on outer Bolts



CC Flange Bolts (2)

		



Preload

Shear Load (Pre+Em-Pre) Kips

Bolt #

Tension, k-lb

Shear, k-lb

C-C Bolt Shear with weld and no preload on outer Bolts



A-B Flange No friction or bolts

		

						STAT		MIXED		MIXED		MIXED

						ELEM		Preload		FYZIKIP		Shear Load (Pre+Em-Pre) Kips (-5e11)

		lower left		1		312512		76.872		1.5958		1.3478

				2		312525		71.612		0.71237		0.74365

				3		312538		68.936		0.24149		0.32994																																										inc

				4		312551		76.86		1.0422		0.31079																																								1.66E-04		1.84E-05

				5		312564		76.993		0.57215		0.59404

				6		312577		76.503		0.15352		0.84115																																						0

				7		312590		76.236		0.49812		1.1344																																						1.84E-05		0.0007

				8		312603		74.754		0.5663		1.1253																																						3.69E-05		0.0015

				9		312616		74.067		0.62003		0.86586																																						5.53E-05		0.0022

				10		312629		75.394		0.31842		0.58002																																						7.38E-05		0.0029

				11		312642		79.971		1.5886		0.85112																																						9.22E-05		0.0036

				12		312655		75.906		1.3977		0.89069																																						1.11E-04		0.0044

				13		312668		75.953		1.116		0.64861																																						1.29E-04		0.0051

				14		312681		75.323		1.0538		0.6576																																						1.48E-04		0.0058

				15		312694		78.893		0.73004		0.44713																																						1.66E-04		0.0065

				16		312707		67.732		0.61996		0.69781

				17		312722		67.73		0.83124		0.71044

				18		312735		78.893		0.79591		0.44843

				19		312748		75.327		0.73971		0.646

				20		312761		75.959		0.55594		0.63296

				21		312774		75.916		0.57663		0.87579

				22		312787		79.983		0.80789		0.84318

				23		312800		75.382		1.4165		0.55928

				24		312813		74.053		1.5513		0.84628

				25		312826		74.735		1.8034		1.1172

				26		312839		76.213		1.937		1.152

				27		312852		76.481		1.8338		0.88359

				28		312865		76.979		1.5552		0.64329

				29		312878		76.857		1.2353		0.36142

				30		312891		68.921		1.4946		0.34937

				31		312904		71.588		2.0038		0.7533

				32		312917		76.819		3.2561		1.3434

				33		312930		98.059		2.1932		1.0941

				34		312943		93.218		3.4317		1.0775

				35		312956		93.069		4.2413		1.3508

				36		312969		92.982		4.5289		1.6085

				37		312982		90.383		5.3525		2.188

				38		312995		89.465		7.3803		3.5355

				39		313008		89.694		3.685		3.8753

				40		313021		90.519		2.0133		2.3226

				41		313034		93.083		1.3044		1.7361

				42		313047		93.158		1.1671		1.444

				43		313060		93.278		0.72857		1.1395

				44		313073		98.079		0.91812		1.1174

						STAT		CURRENT		CURRENT		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

				1		312512		76.944		1.7712		1.3247

				2		312525		71.864		0.78152		0.83475

				3		312538		69.175		0.50667		0.57155

				4		312551		77		0.86383		0.49491

				5		312564		77.161		0.45039		0.72147

				6		312577		76.656		6.53E-02		0.93637

				7		312590		76.306		0.5051		1.2342

				8		312603		74.767		0.58441		1.2085

				9		312616		74.076		0.62757		0.92577

				10		312629		75.401		0.30697		0.6294

				11		312642		79.979		1.6048		0.86851

				12		312655		75.901		1.4085		0.90244

				13		312668		75.946		1.13E+00		0.65911

				14		312681		75.315		1.0678		0.67239

				15		312694		78.885		0.74825		0.46555

				16		312707		67.74		0.61206		0.71874

				17		312722		67.738		0.81138		0.73125

				18		312735		78.884		0.79529		0.46595

				19		312748		75.319		0.74557		0.66088

				20		312761		75.952		0.56106		0.64363

				21		312774		75.911		0.58814		0.88769

				22		312787		79.991		0.82907		0.86053

				23		312800		75.388		1.4627		0.60845

				24		312813		74.061		1.6061		0.90625

				25		312826		74.745		1.8818		1.2006

				26		312839		76.28		2.0323		1.2539

				27		312852		76.632		1.9315		0.98356

				28		312865		77.144		1.6852		0.77603

				29		312878		76.992		1.4204		0.55016

				30		312891		69.154		1.7532		0.59602

				31		312904		71.835		2.2009		0.85206

				32		312917		76.886		3.4812		1.3201

				33		312930		97.551		2.8975		1.601

				34		312943		92.069		4.4077		2.0786

				35		312956		94.047		7.7312		4.5345

				36		313047		94.251		4.6148		4.7278

				37		313060		92.157		1.8391		2.1643

				38		313073		97.594		0.26499		1.6491

						STAT		CURRENT		CURRENT		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

				1		312512		76.101		2.6149		2.4949

				2		312525		71.243		0.97515		1.033

				3		312538		68.799		0.4153		0.52186

				4		312551		76.775		0.90129		0.45988

				5		312564		76.914		0.45801		0.71188

				6		312577		76.433		0.1034		0.92042

				7		312590		76.183		0.5153		1.207

				8		312603		74.71		0.58535		1.1973

				9		312616		74.038		0.62619		0.92873

				10		312629		75.374		0.30984		0.63581				q

				11		312642		79.975		1.5777		0.83895

				12		312655		75.902		1.3889		0.87928

				13		312668		75.949		1.1109		0.6408

				14		312681		75.32		1.0503		0.65194

				15		312694		78.893		0.72589		0.44311

				16		312707		67.73		0.62025		0.70286

				17		312722		67.727		0.82776		0.71549

				18		312735		78.893		0.79755		0.44473

				19		312748		75.324		0.73849		0.64038

				20		312761		75.955		0.55457		0.62515

				21		312774		75.913		0.57227		0.86439

				22		312787		79.986		0.81037		0.83097

				23		312800		75.36		1.4646		0.61446

				24		312813		74.024		1.6063		0.90856

				25		312826		74.689		1.8676		1.1883

				26		312839		76.159		2.0033		1.2237

				27		312852		76.409		1.9085		0.96145

				28		312865		76.897		1.6648		0.75934

				29		312878		76.768		1.3737		0.5088

				30		312891		68.779		1.6768		0.53944

				31		312904		71.213		2.2765		1.0386						`

				32		312917		76.033		4.1345		2.4801

				33		312969		96.936		5.6506		3.2025

				34		312982		89.832		5.5449		2.534

				35		312995		89.332		7.3636		3.6397

				36		313008		89.559		3.6841		3.9909

				37		313021		89.976		2.213		2.6808

				38		313034		97.077		2.1245		3.3215

						STAT		MIXED		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

				1		312512		76.014		2.0498		1.9977

				2		312525		71.486		0.56983		0.62495

				3		312538		69.012		0.28388		0.26501

				4		312551		76.972		1.0468		0.28548

				5		312564		77.068		0.62565		0.53008

				6		312577		76.592		0.25183		0.72941

				7		312590		76.364		0.44855		0.99444

				8		312603		74.892		0.49579		0.99166

				9		312616		74.214		0.58053		0.74471

				10		312629		75.6		0.33877		0.50335

				11		312642		80.209		1.4227		0.69894

				12		312655		76.098		1.1956		0.70743

				13		312668		76.144		0.94209		0.48254

				14		312681		75.494		0.91213		0.51792

				15		312694		79.14		0.65591		0.35861

				16		312707		68.024		0.74658		0.3987

				17		312722		68.019		1.1215		0.41213

				18		312735		79.139		0.79505		0.36403

				19		312748		75.496		0.74607		0.50745

				20		312761		76.147		0.63331		0.46826

				21		312774		76.105		0.61377		0.69365

				22		312787		80.219		0.74575		0.69187

				23		312800		75.59		1.3216		0.48165

				24		312813		74.203		1.4255		0.725

				25		312826		74.875		1.6712		0.98292

				26		312839		76.344		1.8049		1.0113

				27		312852		76.573		1.7295		0.77009

				28		312865		77.056		1.4964		0.57719

				29		312878		76.97		1.2308		0.33412

				30		312891		68.996		1.4965		0.28306

				31		312904		71.462		1.9067		0.62966

				32		312917		75.956		3.6		1.9773

				33		312969		97.122		4.7449		2.139

				34		312982		90.003		4.6591		1.5795

				35		312995		89.24		6.2438		2.521

				36		313008		89.419		2.6533		2.8821

				37		313021		90.111		1.5259		1.7256

				38		313034		97.23		1.2091		2.2651

						STAT		MIXED		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

						312512		75.937		1.739		1.7296

						312525		71.718		0.34078		0.39656

						312538		69.214		0.2753		0.16104

						312551		77.126		1.0938		0.21689

						312564		77.178		0.68499		0.46235

						312577		76.704		0.32313		0.65007

						312590		76.496		0.44074		0.89387

						312603		75.026		0.47357		0.89069

						312616		74.343		0.57711		0.65192

						312629		75.762		0.38238		0.43173

						312642		80.355		1.3287		0.6153

						312655		76.235		1.0812		0.60816

						312668		76.289		0.85163		0.39852

						312681		75.627		0.84484		0.45198

						312694		79.314		0.64042		0.32506

						312707		68.246		0.8695		0.22921

						312722		68.239		1.3025		0.24336

						312735		79.312		0.78847		0.33147

						312748		75.627		0.76005		0.44241

						312761		76.291		0.69075		0.38578

						312774		76.24		0.66296		0.59569

						312787		80.363		0.70787		0.60961

						312800		75.753		1.2398		0.4091

						312813		74.333		1.3368		0.63217

						312826		75.011		1.5781		0.88171

						312839		76.478		1.714		0.91045

						312852		76.686		1.6571		0.69

						312865		77.168		1.4386		0.50869

						312878		77.125		1.1867		0.26497

						312891		69.2		1.4448		0.17923

						312904		71.698		1.7167		0.40091

						312917		75.885		3.3141		1.7046

						312969		97.2		4.2378		1.5277

						312982		90.151		4.178		1.0807

						312995		89.19		5.6389		1.9518

						313008		89.343		2.1007		2.3181

						313021		90.24		1.2392		1.2189

						313034		97.29		0.69294		1.6598

						STAT    MI		XED		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

						312512		75.872		1.5332		1.5578

						312525		71.926		0.18327		0.24541

						312538		69.405		0.29554		0.11717

						312551		77.258		1.0969		0.19618

						312564		77.261		0.70442		0.436

						312577		76.806		0.35532		0.61455

						312590		76.599		0.44402		0.83475

						312603		75.132		0.46953		0.83094

						312616		74.454		0.58044		0.59945

						312629		75.872		0.42348		0.389

						312642		80.441		1.2698		0.56448

						312655		76.34		1.0046		0.54296

						312668		76.404		0.80129		0.351

						312681		75.734		0.81191		0.4168

						312694		79.416		0.64856		0.31018

						312707		68.412		0.97241		0.1228

						312722		68.404		1.4324		0.13753

						312735		79.414		0.7734		0.31556

						312748		75.735		0.76683		0.40778

						312761		76.405		0.72592		0.33968

						312774		76.344		0.69883		0.53179

						312787		80.448		0.67716		0.56062

						312800		75.864		1.183		0.36495

						312813		74.445		1.2891		0.57944

						312826		75.118		1.5252		0.82137

						312839		76.582		1.6624		0.85075

						312852		76.789		1.6267		0.65373

						312865		77.251		1.4206		0.4811

						312878		77.256		1.1869		0.2435

						312891		69.391		1.4386		0.13437

						312904		71.908		1.6001		0.24943

						312917		75.823		3.1295		1.5292

						312969		97.223		3.9165		1.1419

						312982		90.285		3.8804		0.78668

						312995		89.15		5.273		1.6391

						313008		89.288		1.769		2.0093

						313021		90.362		1.1122		0.91119

						313034		97.301		0.36403		1.2774
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Preload

Shear Load (Pre+Em-Pre) Kips (-5e11)

Bolt #

Tension, k-lb

C-C Bolt Preload & EM-Driven Bolt Shear Load with 12 added 1.5" in-board bolts
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A-A Flange No friction or bolts
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Preload

Shear Load (Pre+Em-Pre) Kips (-5e11)

Bolt #

Tension, k-lb

Shear, k-lb

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 added in-board bolts with perfect fitup

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



B-C Flange No Friction or bolts
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Preload

Shear Load (Pre+Em-Pre) Kips (-5e11)

Shear Load with high contact stiffness (-10e11)

Shear with higher contact stiffness (-20e11)

shear with highest contact Stiffness (-50e11)

Bolt #

Tension, k-lb

Shear, k-lb

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with perfect fitup (INNER LEG BOLTS ONLY)
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B-C (No Friction on ANY bolts)
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Preload

Shear Load (Pre+Em-Pre) Kips (-5e11)

Shear Load with high contact stiffness (-10e11)

Shear with higher contact stiffness (-20e11)

shear with highest contact Stiffness (-50e11)

Bolt #

Tension, k-lb

Shear, k-lb

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with perfect fitup
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A-A Flange No friction on leg

		Increased Shear Stiffness to 5e11 N/m^3

						global255

						dT(Bolts)=400, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension (Pre), kip		Shear (Pre+EM), kip		Shear with mu = 0.4 everywhere (Pre+EM-Pre), kip						Data at Max Slip Element

		1		314177								75.9		3.1		2.8				Time into EM Loading		Slip		Sn		St		mu

		2		314190								71.0		1.3		1.4				1		3.94E-06		214061		85624.3		0.400

		3		314203								68.2		0.7		0.9				1.1		1.12E-05		956760		382704		0.400

		4		314216								75.1		0.6		0.7				1.2		2.63E-05		1.66E+06		663333		0.400

		5		314229								75.5		0.3		0.9				1.35		5.16E-05		2.72E+06		1.09E+06		0.400

		6		314242								74.9		0.1		1.0				1.575		9.11E-05		4.34E+06		1.74E+06		0.400

		7		314255								75.6		0.6		1.3				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400

		8		314268								74.7		0.7		1.3				2		1.67E-04		7.46E+06		2.98E+06		0.400

		9		314281								75.2		0.6		1.0

		10		314294								77.6		0.3		0.7

		11		314307								80.1		1.5		0.8

		12		314320								75.0		1.4		0.9

		13		314333								74.6		1.1		0.6

		14		314346								74.0		1.1		0.7

		15		314359								77.4		0.8		0.5

		16		314372								70.2		0.9		0.7

		17		314387								70.2		0.8		0.7

		18		314400								77.4		0.8		0.5

		19		314413								74.0		0.8		0.6

		20		314426								74.6		0.5		0.6

		21		314439								75.0		0.6		0.9

		22		314452								80.1		0.8		0.8

		23		314465								77.6		1.6		0.7

		24		314478								75.2		1.7		1.0

		25		314491								74.7		2.0		1.3

		26		314504								75.6		2.1		1.3

		27		314517								74.9		2.0		1.1

		28		314530								75.5		1.8		0.9

		29		314543								75.1		1.8		0.8

		30		314556								68.2		2.0		0.9

		31		314569								71.0		2.7		1.4

		32		314582								75.9		4.7		2.8

										Wanted 75		74.7

										Std Dev.		2.8

						STAT		MIXED		MIXED		IXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP

		lower left		1		312512		77.057		2.2399		2.3712

				2		312525		70.155		0.67745		0.61664

				3		312538		67.37		0.53684		0.4015																																										inc

				4		312551		72.928		1.5234		0.16169																																								1.66E-04		1.84E-05

				5		312564		72.238		0.9718		0.38988

				6		312577		71.379		0.99004		0.70112																																						0

				7		312590		72.312		1.2269		0.58883																																						1.84E-05		0.0007

				8		312603		71.706		1.01		0.42004																																						3.69E-05		0.0015

				9		312616		71.679		0.86752		0.22507																																						5.53E-05		0.0022

				10		312629		73.614		0.94267		0.32541																																						7.38E-05		0.0029

				11		312642		78.584		1.3154		0.59385																																						9.22E-05		0.0036

				12		312655		76.149		1.2625		0.73837																																						1.11E-04		0.0044

				13		312668		76.228		0.85414		0.38457																																						1.29E-04		0.0051

				14		312681		75.442		0.57418		0.22877																																						1.48E-04		0.0058

				15		312694		78.833		0.23808		0.66101																																						1.66E-04		0.0065

				16		312707		65.024		1.0101		0.82253

				17		312722		65.024		1.0369		0.86196

				18		312735		78.822		1.3786		0.69616

				19		312748		75.44		0.85736		0.2298

				20		312761		76.23		0.63884		0.36734

				21		312774		76.157		0.48596		0.71904

				22		312787		78.594		0.35546		0.6102

				23		312800		73.617		0.619		0.3749

				24		312813		71.68		0.81553		0.19718

				25		312826		71.708		0.85821		0.40765

				26		312839		72.314		1.0526		0.5836

				27		312852		71.375		1.2361		0.68025

				28		312865		72.237		1.0599		0.35119

				29		312878		72.941		0.6337		0.2248

				30		312891		67.368		0.73518		0.41011

				31		312904		70.147		1.2418		0.62298

				32		312917		77.008		3.5336		2.3705

				33		312930		74.705		3.1115		3.0969

				34		312943		69.01		2.297		1.1552

				35		312956		70.05		3.2009		0.97836

				36		312969		52.176		3.414		1.71

				37		312982		51.796		4.5991		2.9467

				38		312995		57.395		6.9473		5.1449

				39		313008		57.576		5.241		5.1027

				40		313021		51.92		2.8769		3.0187

				41		313034		52.262		1.6328		1.7952

				42		313047		70.118		0.8854		1.0633

				43		313060		69.044		0.81398		1.1806

				44		313073		74.693		3.3866		3.0991

				6 bolts with friction										6 bolts without friction

				STAT		CURRENT		CURRENT		IXED				STAT		Tension with mu = 0.04 on inner leg (Pre), kip		MIXED		Shear with mu = 0.04 on inner unbolted leg (Pre+EM-Pre), kip												STAT		MIXED		MIXED

				ELEM		FXIKIP		FYZIKIP		FYZIKIP				ELEM		FXIKIP		FYZIKIP		FYZIKIP												ELEM		FXIKIP		FYZIKIP								STAT		MIXED		MIXED

				312512		76.894		2.0021		1.3571				3.13E+05		76.917		1.7912		1.3549												312512		77.982		0.57008								ELEM		FXIKIP		FYZIKIP

				312525		71.643		0.43436		0.77704				312525		71.853		0.79248		0.85259												312525		73.813		1.0261								312512		-0.26735		1.3571

				312538		68.955		0.40326		0.41499				312538		69.175		0.52004		0.59009												312538		72.327		1.0191								312525		0.70145		0.77704

				312551		76.859		1.4326		0.37501				312551		76.996		0.85439		0.5077												312551		77.148		0.74005								312538		1.1081		0.41499

				312564		76.992		0.92209		6.38E-01				312564		77.159		0.44381		0.73024												312564		76.038		9.20E-02								312551		1.7513		0.37501

				312577		76.507		0.96428		0.86959				312577		76.655		6.28E-02		0.94191												312577		74.065		0.55134								312564		1.8319		6.38E-01

				312590		76.241		1.2027		1.1625				312590		76.303		0.50605		1.2393												312590		74.034		0.66637								312577		1.7111		0.86959

				312603		74.756		0.99236		1.1511				312603		74.764		0.58483		1.213												312603		72.98		0.51671								312590		0.79895		1.1625

				312616		74.068		0.85717		0.88607				312616		74.074		0.62756		0.92919												312616		72.643		0.2814								312603		-0.38409		1.1511

				312629		75.395		0.93055		0.5971				312629		75.4		0.30683		0.63226												312629		74.232		0.5762								312616		-1.058		0.88607

				312642		79.971		1.3131		0.85505				312642		79.978		1.606		0.86885												312642		78.683		0.76432								312629		-1.1925		0.5971

				312655		75.902		1.2583		0.8934				312655		75.899		1.4096		0.90269												312655		76.461		0.88108								312642		0.51649		0.85505

				312668		75.95		0.84862		0.65152				312668		75.945		1.1266		0.65944												312668		76.566		0.47418								312655		0.99896		0.8934

				312681		75.321		0.56884		0.66201				312681		75.315		1.0689		0.6729												312681		75.721		0.29872								312668		1.1517		0.65152

				312694		78.891		0.24383		0.45276				312694		78.885		0.74929		0.46618												312694		79.005		0.60466								312681		1.2037		0.66201

				312707		67.731		1.0149		0.70478				312707		67.739		0.61173		0.71961												312707		64.884		0.8075								312694		2.2082		0.45276

				312722		67.729		1.0357		0.71738				312722		67.737		0.81065		0.73212												312722		64.883		0.84998								312707		-1.4075		0.70478

				312735		78.89		1.3836		0.45383				312735		78.884		0.79541		0.46656												312735		78.994		0.64136								312722		-1.4011		0.71738

				312748		75.325		0.85868		0.65045				312748		75.319		0.74609		0.6614												312748		75.719		0.29639								312735		2.208		0.45383

				312761		75.957		0.64076		0.63592				312761		75.952		0.5614		0.64396												312761		76.569		0.45521								312748		1.21		0.65045

				312774		75.913		0.48562		0.87854				312774		75.91		0.58885		0.88794												312774		76.472		0.85977								312761		1.1604		0.63592

				312787		79.983		0.3562		0.84709				312787		79.99		0.82979		0.86086												312787		78.696		0.7807								312774		1.0121		0.87854

				312800		75.382		0.63221		0.5763				312800		75.387		1.4627		0.6113												312800		74.241		0.62538								312787		0.52946		0.84709

				312813		74.054		0.82941		0.86652				312813		74.059		1.6064		0.90965												312813		72.651		0.3262								312800		-1.2027		0.5763

				312826		74.736		0.87629		1.1431				312826		74.742		1.8831		1.205												312826		72.989		0.54146								312813		-1.074		0.86652

				312839		76.218		1.0684		1.1806				312839		76.277		2.0351		1.259												312839		74.039		0.67102								312826		-0.4074		1.1431

				312852		76.485		1.2587		0.91296				312852		76.63		1.9358		0.98918												312852		74.061		0.54516								312839		0.77189		1.1806

				312865		76.977		1.1129		0.68786				312865		77.142		1.6918		0.78488												312865		76.043		7.37E-02								312852		1.6883		0.91296

				312878		76.855		0.72673		0.42642				312878		76.988		1.4298		0.56302												312878		77.174		0.68961								312865		1.8137		0.68786

				312891		68.938		0.89991		0.4355				312891		69.155		1.7671		0.61463												312891		72.331		0.96031								312878		1.7395		0.42642

				312904		71.617		1.3446		0.78883				312904		71.823		2.2154		0.87007												312904		73.813		0.98971								312891		1.1002		0.4355

				312917		76.839		3.4924		1.3523				312917		76.859		3.5014		1.3496												312917		77.953		0.56651								312904		0.68817		0.78883

				312930		73.053		2.5259		1.0303				312930		72.559		2.5316		1.4324												312930		70.503		2.8632								312917		-0.29087		1.3523

				312943		68.921		2.83		1.2334				312943		68.362		3.6795		1.9074												312943		69.161		6.8596								312930		-1.2526		1.0303

				312956		70.673		4.862		2.2709				312956		69.219		6.7171		4.3553												312956		68.504		13.535								312943		-2.3684		1.2334

				313047		70.787		2.5805		2.4106				313047		69.404		4.4242		4.5357												313047		68.928		13.668								312956		-4.2635		2.2709

				313060		68.978		0.77779		1.3036				313060		68.439		1.7206		1.9921												313060		69.375		6.9227								313047		-4.1861		2.4106

				313073		73.08		2.3547		1.0598				313073		72.601		0.56918		1.4789												313073		70.583		2.9674								313060		-2.3305		1.3036

																																												313073		-1.2277		1.0598





A-A Flange No friction on leg

		



Tension with mu = 0.04 on inner leg (Pre), kip

Shear with mu = 0.04 on inner unbolted leg (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 added in-board bolts and perfect fitup



A-B Flange No friction on leg

		



Tension (Pre), kip

Shear with mu = 0.4 everywhere (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 added in-board bolts and perfect fitup



B-C Flange No friction on leg

		Increased Shear Stiffness to 5e11 N/m^3

						global255

						dT(Bolts)=400, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension (Pre), kip		Shear (Pre+EM), kip		Shear with mu = 0.04 on inner unbolted leg (Pre+EM-Pre), kip						Data at Max Slip Element										Shear with mu = 0.4 everywhere (Pre+EM-Pre), kip

		1		314177								75.9		3.1		2.8				Time into EM Loading		Slip		Sn		St		mu

		2		314190								71.0		1.3		1.4				1		3.94E-06		214061		85624.3		0.400

		3		314203								68.2		0.7		0.9				1.1		1.12E-05		956760		382704		0.400

		4		314216								75.1		0.6		0.7				1.2		2.63E-05		1.66E+06		663333		0.400

		5		314229								75.5		0.3		0.9				1.35		5.16E-05		2.72E+06		1.09E+06		0.400

		6		314242								74.9		0.1		1.0				1.575		9.11E-05		4.34E+06		1.74E+06		0.400

		7		314255								75.6		0.6		1.3				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400

		8		314268								74.7		0.7		1.3				2		1.67E-04		7.46E+06		2.98E+06		0.400

		9		314281								75.2		0.6		1.0

		10		314294								77.6		0.3		0.7

		11		314307								80.1		1.5		0.8

		12		314320								75.0		1.4		0.9

		13		314333								74.6		1.1		0.6

		14		314346								74.0		1.1		0.7

		15		314359								77.4		0.8		0.5

		16		314372								70.2		0.9		0.7

		17		314387								70.2		0.8		0.7

		18		314400								77.4		0.8		0.5

		19		314413								74.0		0.8		0.6

		20		314426								74.6		0.5		0.6

		21		314439								75.0		0.6		0.9

		22		314452								80.1		0.8		0.8

		23		314465								77.6		1.6		0.7

		24		314478								75.2		1.7		1.0

		25		314491								74.7		2.0		1.3

		26		314504								75.6		2.1		1.3

		27		314517								74.9		2.0		1.1

		28		314530								75.5		1.8		0.9

		29		314543								75.1		1.8		0.8

		30		314556								68.2		2.0		0.9

		31		314569								71.0		2.7		1.4

		32		314582								75.9		4.7		2.8

										Wanted 75		74.7

										Std Dev.		2.8

						STAT		MIXED		MIXED		IXED						STAT		MIXED		MIXED		MIXED

						ELEM		FXIKIP		FYZIKIP		FYZIKIP						ELEM		FXIKIP		FYZIKIP		FYZIKIP

		lower left		1		312512		76.859		2.2399		1.3662						312512		76.839		1.6106		1.3983

				2		312525		71.595		0.67745		0.74844						312525		71.554		0.72427		0.75687

				3		312538		68.93		0.53684		0.33331						312538		68.884		0.22231		0.32444																														inc

				4		312551		76.851		1.5234		0.31289						312551		76.821		1.051		0.30499																												5.05E-04		5.61E-05

				5		312564		76.984		0.9718		0.5949						312564		76.953		0.57694		0.59098

				6		312577		76.494		0.99004		0.84106						312577		76.471		0.16218		0.83745																										0

				7		312590		76.229		1.2269		1.1343						312590		76.221		0.50046		1.1301																										5.61E-05		0.0022

				8		312603		74.751		1.01		1.1252						312603		74.749		0.56562		1.1235																										1.12E-04		0.0044

				9		312616		74.065		0.86752		0.86563						312616		74.063		0.61932		0.86596																										1.68E-04		0.0066

				10		312629		75.393		0.94267		0.57973						312629		75.391		0.31967		0.58062																										2.24E-04		0.0088

				11		312642		79.97		1.3154		0.85151						312642		79.97		1.5856		0.84686																										2.81E-04		0.0110

				12		312655		75.905		1.2625		0.89109						312655		75.905		1.3958		0.88743																										3.37E-04		0.0133

				13		312668		75.952		0.85414		0.64897						312668		75.952		1.1147		0.64608																										3.93E-04		0.0155

				14		312681		75.324		0.57418		0.65794						312681		75.324		1.0521		0.65489																										4.49E-04		0.0177

				15		312694		78.894		0.23808		0.44744						312694		78.894		0.72764		0.4443																										5.05E-04		0.0199

				16		312707		67.731		1.0101		0.69788						312707		67.731		0.62105		0.6964

				17		312722		67.728		1.0369		0.7105						312722		67.728		0.83304		0.70903

				18		312735		78.893		1.3786		0.44872						312735		78.893		0.79625		0.44575

				19		312748		75.328		0.85736		0.64634						312748		75.327		0.73909		0.64329

				20		312761		75.959		0.63884		0.63332						312761		75.959		0.55526		0.63041

				21		312774		75.915		0.48596		0.87619						312774		75.916		0.57471		0.8725

				22		312787		79.982		0.35546		0.84357						312787		79.982		0.80472		0.83891

				23		312800		75.381		0.619		0.559						312800		75.379		1.4128		0.55986

				24		312813		74.051		0.81553		0.84606						312813		74.049		1.5469		0.84635

				25		312826		74.732		0.85821		1.117						312826		74.73		1.7962		1.1154

				26		312839		76.207		1.0526		1.1519						312839		76.198		1.928		1.1475

				27		312852		76.472		1.2361		0.88353						312852		76.449		1.8266		0.87931

				28		312865		76.97		1.0599		0.64419						312865		76.94		1.5482		0.63942

				29		312878		76.849		0.6337		0.36356						312878		76.818		1.2247		0.35482

				30		312891		68.914		0.73518		0.35278						312891		68.868		1.4792		0.34289

				31		312904		71.57		1.2418		0.75812						312904		71.53		2.0003		0.76566

				32		312917		76.806		3.5336		1.3616						312917		76.787		3.2615		1.3934

				33		312930		73.103		3.1115		0.9662						312930		73.137		1.8728		0.97979

				34		312943		69.466		2.297		0.93806						312943		69.45		2.6555		0.88162

				35		312956		69.163		3.2009		1.1725						312956		69.153		3.2688		1.0877

				36		312969		68.905		3.414		1.4009						312969		68.936		3.5239		1.2959

				37		312982		67.066		4.5991		1.9182						312982		67.17		4.1318		1.7324

				38		312995		65.432		6.9473		3.1359						312995		65.703		5.3016		2.4339

				39		313008		65.627		5.241		3.4571						313008		65.866		2.5821		2.743

				40		313021		67.18		2.8769		2.0472						313021		67.279		1.5781		1.8599

				41		313034		68.989		1.6328		1.5224						313034		69.018		1.0676		1.4194

				42		313047		69.236		0.8854		1.2612						313047		69.223		0.97901		1.1781

				43		313060		69.517		0.81398		0.9972						313060		69.499		0.58958		0.94044

				44		313073		73.125		3.3866		0.98831						313073		73.157		0.78519		0.99881





B-C Flange No friction on leg
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Tension (Pre), kip

Shear with mu = 0.04 on inner unbolted leg (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load with 12 added in-board bolts and perfect fitup
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A-A Flange NO Friction Pucks

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Tension (Pre), kip

Shear with mu = 0.4 everywhere (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load with 12 added in-board bolts and perfect fitup and mu =0.4 everywhere
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A-B Flange NO Friction Pucks

		Increased Shear Stiffness to 5e11 N/m^3

						global254

						dT(Bolts)=250, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip						Data at Max Slip Element																																																																				STAT		MIXED		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip												STAT		MIXED       M		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip																		STAT		CURRENT		Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

		1		312935		50.3		1.5				76.998		1.089		0.91141				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP												ELEM		FXIKIP		FYZIKIP																		ELEM		FXIKIP		FYZIKIP

		2		312936		52.9		0.5				82.004		0.57875		0.53562				1		5.31E-06		105438		42175		0.400																																																														312935		-3.4799		1.3976												312935		-3.3804		1.3774																		312861		-3.2507		1.169

		3		312937		54.7		0.7				87.327		0.66209		0.63989				1.1		3.04E-05		311685		124674		0.400																																																														312936		-2.6064		0.65393												312936		-2.5904		0.66112																		312862		-2.4093		0.59423

		4		312938		45.3		0.6				72.478		0.63363		0.61752				1.2		5.60E-05		519592		207837		0.400																																																														312937		-0.13999		0.37741												312937		-0.21851		0.35624																		312863		-0.22322		0.33226

		5		312939		46.2		0.3				74.285		0.25223		0.24304				1.35		9.47E-05		833710		333484		0.400																																																														312938		-1.97E-02		0.20766												312938		-5.80E-02		0.20217																		312864		-6.04E-02		0.18129

		6		312940		38.9		0.3				78.794		0.65838		0.66966				1.575		1.53E-04		1.31E+06		523661		0.400																																																														312939		0.39856		0.24223												312939		0.35894		0.24014																		312865		0.31158		0.21416

		7		312941		46.2		0.3				73.033		0.29173		0.30633				1.9125		2.42E-04		2.03E+06		812480		0.400																																																														312940		-0.23313		2.50E-02												312940		-0.24067		2.72E-02																		312866		-0.21509		2.68E-02

		8		312942		53.8		0.7				87.945		0.71646		0.7393				2		2.65E-04		2.22E+06		888149		0.400																																																														312941		0.29558		7.10E-02												312941		0.29953		6.51E-02																		312867		0.28391		8.38E-02

		9		312943		53.7		0.1				87.44		0.41882		0.40962																																																																										312942		1.7101		0.23961												312942		1.7284		0.23267																		312868		1.7205		0.25076

		10		312944		53.7		1.0				85.788		0.74185		0.73891																																																																										312943		1.5031		9.03E-02												312943		1.5051		8.87E-02																		312869		1.4784		9.01E-02

		11		312945		36.8		0.6				72.456		1.2935		1.2873																																																																										312944		-0.13174		0.57123												312944		-0.1333		0.56525																		312870		-0.13439		0.56157

		12		312946		32.3		1.1				63.096		0.45348		0.4449																																																																										312945		-1.0249		0.50293												312945		-1.0082		0.49981																		312871		-1.0149		0.4925

		13		312947		50.5		0.8				79.523		0.57651		0.56576																																																																										312946		-1.5572		1.0954												312946		-1.5308		1.0945																		312872		-1.55		1.0874

		14		312948		46.2		0.9				72.977		0.88136		0.87166																																																																										312947		-1.3584		0.68292												312947		-1.349		0.68732																		312873		-1.3621		0.66963

		15		312949		46.5		0.9				74.288		0.8318		0.82171																																																																										312948		-0.90621		0.64417												312948		-0.90128		0.64828																		312874		-0.91382		0.63055

		16		312950		53.5		1.2				87.881		1.3715		1.3609																																																																										312949		-0.17174		0.61607												312949		-0.16885		0.62022																		312875		-0.18632		0.60239

		17		312951		39.2		0.8				81.789		0.79248		0.78396																																																																										312950		2.2614		0.58985												312950		2.2644		0.59408																		312876		2.2294		0.57512

		18		312952		48.9		1.0				80.285		0.86845		0.87648																																																																										312951		3.3633		0.79066												312951		3.3947		0.79577																		312877		3.3051		0.80568

		19		312953		46.5		0.5				75.519		0.37459		0.39747																																																																										312952		2.0784		0.73865												312952		2.0404		0.7181																		312878		2.0904		0.71804

		20		312954		46.4		0.5				75.37		0.64085		0.66066																																																																										312953		1.1781		0.37822												312953		1.1587		0.35931																		312879		1.2057		0.37527

		21		312955		42.6		0.3				69.037		0.2927		0.32016																																																																										312954		1.0881		0.19085												312954		1.068		0.17193																		312880		1.1264		0.19963

		22		312956		45.1		0.5				73.177		0.61728		0.65331																																																																										312955		0.88719		0.1409												312955		0.86523		0.11918																		312881		0.9502		0.15663

		23		312957		52.6		0.5				82.782		0.81805		0.73426																																																																										312956		0.96727		0.20864												312956		0.92275		0.19056																		312882		1.0774		0.22272

		24		312958		47.2		0.2				74.714		0.36944		0.3414																																																																										312957		-1.2928		0.34448												312957		-1.4249		0.38546																		312883		-1.0428		0.27477

		25		312959		47.6		0.1				74.332		0.13638		0.20826																																																																										312958		-0.72427		0.22632												312958		-0.78158		0.25316																		312884		-0.43112		0.16989

		26		312960		51.1		0.3				79.241		0.53927		0.44256																																																																										312959		-1.7996		0.23305												312959		-1.8917		0.27106																		312885		-1.2625		0.15861

		27		312961		39.0		5.2				71.17		8.6571		2.4025																																																																										312960		-2.4873		0.20831												312960		-2.6101		0.21544																		312886		-1.9306		0.17843

		28		312962		36.6		4.8				68.433		3.9823		2.0433																																																																										312961		-6.6916		7.3267												312961		-3.7391		23.251

		29		312963		45.1		6.2				66.897		5.6571		3.1367																																																																										312962		-5.7332		3.0809												312962		-2.445		16.87

						46.5				Wanted 75		76.9																																																																														312963		-3.9878		5.3294												312963		-3.745		16.283

				Wanted		75				Std Dev.		6.5

												Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

										5.05E-04		0.0198818898

										1		in



Pink = .4 friction

Blue = .04 friction

bolt 1

bolt 26

Sliding is in meters



A-B Flange NO Friction Pucks

		0		1.203		0		0		0

		0		0.59071		0		0		0

		0		0.36259		0		0		0

		0		0.18707		0		0		0

		0		0.21883		0		0		0

		0		0.023595		0		0		0

		0		0.089997		0		0		0

		0		0.25935		0		0		0

		0		0.091693		0		0		0

		0		0.56825		0		0		0

		0		0.49893		0		0		0

		0		1.0937		0		0		0

		0		0.67293		0		0		0

		0		0.63443		0		0		0

		0		0.60619		0		0		0

		0		0.57971		0		0		0

		0		0.78411		0		0		0

		0		0.74996		0		0		0

		0		0.39842		0		0		0

		0		0.21789		0		0		0

		0		0.17389		0		0		0

		0		0.23446		0		0		0

		0		0.2465		0		0		0

		0		0.14829		0		0		0

		0		0.14339		0		0		0

		0		0.15351		0		0		0

		0		2.0129		0		0

		0		1.2209		0		0

		0		2.8363		0		0



Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip

'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-B Bolt Preload & EM-Driven Bolt Shear Load
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B-C Flange NO Friction Pucks

		Increased Shear Stiffness to 5e11 N/m^3

						global252

						dT(Bolts)=327 on most, 1010 on some, 1.375" bolts																																																																										Preload and shear from preload step subtracted out !!!!!!!!

				Elem #		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip						Data at Max Slip Element																																																																				STAT		MIXED       MI		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip								STAT		MIXED       M		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip												STAT		MIXED		Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

		1		313815		69.179		1.9655		1.9				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP								ELEM		FXIKIP		FYZIKIP												ELEM		FXIKIP		FYZIKIP

		2		313828		72.709		2.0129		2.0				1.0		3.39E-06		334571		133828		0.400																																																														313815		-8.1614		2.8384								313815		-9.2628		4.0816												313815		-10.85		7.0575

		3		313841		73.907		1.6707		1.8				1.1		9.01E-06		1.93E+06		773490		0.400																																																														313828		-4.0894		0.63301								313828		-4.6956		0.90027												313828		-5.8603		1.7876

		4		313854		74.046		1.1148		1.4				1.2		1.80E-05		3.57E+06		1.43E+06		0.400																																																														313841		-2.1354		0.30942								313841		-2.4494		0.29671												313841		-3.0393		0.20441

		5		313867		78.524		1.7421		1.9				1.3		2.86E-05		5.21E+06		2.08E+06		0.400																																																														313854		-1.9264		0.67273								313854		-1.9773		0.80329												313854		-2.0839		1.0206

		6		313880		75.929		0.92209		1.0				1.5		4.61E-05		7.64E+06		3.05E+06		0.400																																																														313867		0.55757		1.2697								313867		0.59705		1.1863												313867		0.67195		1.0493

		7		313893		75.395		0.96784		1.0				1.7		7.46E-05		1.12E+07		4.50E+06		0.400																																																														313880		0.49382		0.36576								313880		0.49908		0.30444												313880		0.51062		0.19136

		8		313906		75.889		1.0764		1.1				2.0		1.18E-04		1.64E+07		6.55E+06		0.400																																																														313893		0.28229		0.42545								313893		0.29279		0.37864												313893		0.31309		0.29186

		9		313919		77.817		1.4278		1.5																																																																										313906		4.89E-02		0.59524								313906		6.46E-02		0.55733												313906		9.40E-02		0.48653

		10		313932		74.005		1.3962		1.4																																																																										313919		-0.17766		0.93221								313919		-0.15528		0.89177												313919		-0.11375		0.8161

		11		313945		74.002		1.5457		1.6																																																																										313932		-0.44721		1.2598								313932		-0.3986		1.2415												313932		-0.31158		1.2077

		12		313958		77.827		0.66267		0.7																																																																										313945		-0.44449		1.2607								313945		-0.39589		1.2424												313945		-0.30892		1.2084

		13		313971		75.896		0.36642		0.4																																																																										313958		-0.16771		0.93405								313958		-0.14581		0.89336												313958		-0.10518		0.81725

		14		313984		75.4		0.40401		0.4																																																																										313971		5.66E-02		0.59456								313971		7.18E-02		0.55645												313971		0.10038		0.48526

		15		313997		75.933		0.47274		0.4																																																																										313984		0.28792		0.42166								313984		0.29785		0.37468												313984		0.31707		0.28752

		16		314010		78.538		0.87191		1.0																																																																										313997		0.49913		0.35848								313997		0.50353		0.29702												313997		0.51348		0.18356

		17		314023		74.019		2.2794		2.0																																																																										314010		0.57217		1.2632								314010		0.6099		1.1797												314010		0.68163		1.043

		18		314036		73.895		2.138		2.0																																																																										314023		-1.9545		0.58595								314023		-2.0116		0.71313												314023		-2.1284		0.92423

		19		314049		72.699		2.332		2.4																																																																										314036		-2.1473		0.21173								314036		-2.4602		0.18637												314036		-3.0457		5.26E-02

		20		314062		69.067		4.4106		3.1																																																																										314049		-4.0936		0.60491								314049		-4.698		0.88747												314049		-5.871		1.752

		21		314079		71.433		13.992		5.1																																																																										314062		-8.2756		2.4859								314062		-9.4259		3.6892												314062		-11.125		6.6154

		22		314096		74.045		9.7395		3.8																																																																										314079		-0.75729		11.912								314079		1.3432		21.185

		23		314113		72.177		5.8099		2.7																																																																										314096		2.5535		8.1662								314096		2.5852		17.604

		24		314130		72.268		4.5483		0.8																																																																										314113		2.1132		4.8916								314113		1.5981		13.339

		25		314147		74.245		8.0724		1.7																																																																										314130		2.1729		4.8654								314130		1.7239		13.323

		26		314164		71.781		12.083		3.2																																																																										314147		2.7243		8.1108								314147		2.9464		17.547

				Wanted 75		74.3																																																																														314164		-0.44627		11.928								314164		1.9081		21.142

				SD		2.5

																																																																																				no pucks												no friction on inner leg



Green = .4 friction

Blue = .04 friction

deflection is in meters

bolt 1

bolt 20

bolts 21-26

sliding is in meters



B-C Flange NO Friction Pucks

		0		1.338		0		0		0

		0		0.48086		0		0		0

		0		0.1737		0		0		0

		0		0.34326		0		0		0

		0		1.4556		0		0		0

		0		0.46686		0		0		0

		0		0.50044		0		0		0

		0		0.65484		0		0		0

		0		0.99596		0		0		0

		0		1.2931		0		0		0

		0		1.2942		0		0		0

		0		0.99823		0		0		0

		0		0.65449		0		0		0

		0		0.49686		0		0		0

		0		0.45952		0		0		0

		0		1.449		0		0		0

		0		0.26316		0		0		0

		0		0.089037		0		0		0

		0		0.44102		0		0		0

		0		1.12		0		0		0

		0		3.0532		0		0

		0		1.935		0		0

		0		0.68274		0		0

		0		0.61729		0		0

		0		1.8598		0		0

		0		3.068		0		0



Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip

'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



CC Flange NO friction Pucks

		Increased Shear Stiffness to 5e11 N/m^3

						global256		Goal		75

						dT(1.375" Bolts)				400		dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		New dT		New T		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip						Data at Max Slip Element																																																																		STAT		MIXED       M		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip												STAT		MIXED		Shear with no inner or outer leg friction or inner leg bolts (no preload on any bolts) (Pre+EM-Pre), kip										STAT		MIXED		Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

		1		313770		65.0		461		-161		67.502		1.2996		0.2698				Time into EM Loading		Slip		Sn		St		mu																																																												313770		-3.7292		2.7801												ELEM		FXIKIP		FYZIKIP										ELEM		FXIKIP		FYZIKIP

		2		313771		18.3		1638		-1338		97.604		2.0763		2.1191				1		3.94E-06		214061		85624.3		0.400																																																												313771		9.49E-02		3.7357												313670		-3.6147		10.351										313670		-5.5493		5.3016

		3		313772		25.0		1200		-900		77.963		2.1372		1.5398				1.1		1.12E-05		956760		382704		0.400																																																												313772		1.9935		1.9664												313671		-0.56839		23.778										313671		-1.4139		5.9565

		4		313773		62.9		477		-177		77.156		0.67068		1.4218				1.2		2.63E-05		1.66E+06		663333		0.400																																																												313773		2.9702		1.2515												313672		1.1108		13.258										313672		0.95451		2.5413

		5		313774		57.4		523		-223		76.444		0.66517		0.54715				1.35		5.16E-05		2.72E+06		1.09E+06		0.400																																																												313774		0.79586		0.5247												313673		2.7394		2.5424										313673		3.0324		0.96891

		6		313775		58.1		517		-217		75.743		0.59786		0.57975				1.575		9.11E-05		4.34E+06		1.74E+06		0.400																																																												313775		0.64053		0.61622												313674		1.3348		6.7478										313674		0.72566		0.57569

		7		313776		57.6		521		-221		75.849		1.0549		0.49045				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400																																																												313776		0.56164		0.51488												313675		1.4371		9.3707										313675		0.57148		0.7113

		8		313777		59.4		505		-205		75.588		0.72051		0.44135				2		1.67E-04		7.46E+06		2.98E+06		0.400																																																												313777		0.69455		0.45843												313676		1.4567		9.99E+00										313676		0.54048		0.56971

		9		313778		75.0		400		-100		74.884		0.47896		0.12232																																																																								313778		-5.19E-02		0.12156												313677		1.4108		10.246										313677		0.71752		0.48688

		10		313779		75.9		395		-95		74.502		0.30473		0.59812																																																																								313779		-9.73E-01		0.59718												313678		0.17075		2.9175										313678		-4.29E-02		0.11989

		11		313780		86.7		346		-46		69.839		0.74217		1.1743																																																																								313780		-4.4678		1.1696												313679		-0.69239		3.5136										313679		-0.9528		0.59295

		12		313781		43.2		695		-395		74.374		1.8973		0.38238																																																																								313781		-0.42565		0.3822												313680		-4.4913		4.1036										313680		-4.4076		1.1593

		13		313782		81.9		366		-66		76.861		6.93E-02		0.25509																																																																								313782		2.1318		0.25238												313681		-2.51E-02		4.5231										313681		-0.42363		0.37985

		14		313783		76.3		393		-93		77.01		0.59919		0.28994																																																																								313783		1.7289		0.28615												313682		2.0306		1.8782										313682		2.1259		0.24897

		15		313784		75.9		395		-95		75.845		0.14077		0.11071																																																																								313784		1.007		0.11356												313683		1.7752		1.5999										313683		1.7265		0.28166

		16		313785		74.5		403		-103		75.521		0.21164		3.54E-02																																																																								313785		9.46E-02		3.68E-02												313684		1.0682		0.97363										313684		1.0091		0.11658

		17		313786		78.0		385		-85		75.049		0.73336		0.26188																																																																								313786		2.42E-01		2.59E-01												313685		1.84E-03		1.1356										313685		9.78E-02		3.81E-02

		18		313787		80.5		373		-73		74.516		0.60112		6.78E-02																																																																								313787		-0.4514		6.68E-02												313686		0.31021		1.6654										313686		0.24683		0.25934

		19		313788		79.7		377		-77		76.057		0.16148		0.12291																																																																								313788		0.93014		1.26E-01												313687		-0.31867		1.26										313687		-0.43962		6.42E-02

		20		313789		84.2		356		-56		79.895		0.61731		0.43289																																																																								313789		5.5626		0.44011												313688		0.93927		2.4348										313688		0.94044		0.13095

		21		313790		76.6		392		-92		77.313		0.56198		0.53858																																																																								313790		1.729		0.53517												313689		6.0938		5.2195										313689		5.5845		0.43559

		22		313791		77.3		388		-88		76.784		1.0425		0.71604																																																																								313791		1.8709		0.70987												313690		1.5886		6.5453										313690		1.7049		0.54057

		23		313792		78.0		385		-85		77.073		0.9423		0.52446																																																																								313792		2.1946		0.51557												313691		1.8869		6.7371										313691		1.8259		0.70945

		24		313793		75.6		397		-97		77.356		0.43651		0.19135																																																																								313793		2.213		0.18752												313692		2.2717		6.0493										313692		2.142		0.50814

		25		313794		72.1		416		-116		76.79		1.2444		0.59251																																																																								313794		1.5778		0.55304												313693		2.3372		4.6642										313693		2.1508		0.17664

		26		313795		73.4		408		-108		74.071		0.9155		0.4125																																																																								313795		-0.78374		0.43276												313694		1.2751		5.1968										313694		1.5223		0.50701

		27		313796		59.1		507		-207		71.598		0.90487		0.52185																																																																								313796		-2.9854		0.49332												313695		-9.69E-02		2.2237										313695		-0.86079		0.47414

		28		313797		52.3		573		-273		73.858		0.75851		0.57055																																																																								313797		-2.1155		0.54575												313696		-3.7016		5.6136										313696		-3.1288		0.45779

		29		313798		57.1		525		-225		69.821		1.6985		1.1747																																																																								313798		-4.669		1.1566												313697		-2.2658		7.1705										313697		-2.2051		0.50187

		30		313799		64.0		469		-169		60.474		16.827		17.739																																																																								313799		-11.585		30.561												313698		-4.0072		9.784										313698		-4.7447		1.1859

		31		313800		62.5		480		-180		61.916		3.4729		3.9854																																																																								313800		-9.2763		16.912

		32		313801		64.4		466		-166		62.775		2.5383		3.1058																																																																								313801		-11.443		12.875

		33		313802		67.88		442		-142		67.2		2.8642		2.8141																																																																								313802		-7.6618		9.6482

										Wanted 75		74.6

										Std Dev.		6.3

				Temps

		bfe,		313770		,temp,1,		-161		,		-161

		bfe,		313771		,temp,1,		-1338		,		-1338

		bfe,		313772		,temp,1,		-900		,		-900

		bfe,		313773		,temp,1,		-177		,		-177

		bfe,		313774		,temp,1,		-223		,		-223

		bfe,		313775		,temp,1,		-217		,		-217

		bfe,		313776		,temp,1,		-221		,		-221

		bfe,		313777		,temp,1,		-205		,		-205

		bfe,		313778		,temp,1,		-100		,		-100

		bfe,		313779		,temp,1,		-95		,		-95

		bfe,		313780		,temp,1,		-46		,		-46

		bfe,		313781		,temp,1,		-395		,		-395

		bfe,		313782		,temp,1,		-66		,		-66

		bfe,		313783		,temp,1,		-93		,		-93

		bfe,		313784		,temp,1,		-95		,		-95

		bfe,		313785		,temp,1,		-103		,		-103

		bfe,		313786		,temp,1,		-85		,		-85

		bfe,		313787		,temp,1,		-73		,		-73

		bfe,		313788		,temp,1,		-77		,		-77

		bfe,		313789		,temp,1,		-56		,		-56

		bfe,		313790		,temp,1,		-92		,		-92

		bfe,		313791		,temp,1,		-88		,		-88

		bfe,		313792		,temp,1,		-85		,		-85

		bfe,		313793		,temp,1,		-97		,		-97

		bfe,		313794		,temp,1,		-116		,		-116

		bfe,		313795		,temp,1,		-108		,		-108

		bfe,		313796		,temp,1,		-207		,		-207

		bfe,		313797		,temp,1,		-273		,		-273

		bfe,		313798		,temp,1,		-225		,		-225

		bfe,		313799		,temp,1,		-169		,		-169

		bfe,		313800		,temp,1,		-180		,		-180

		bfe,		313801		,temp,1,		-166		,		-166

		bfe,		313802		,temp,1,		-142		,		-142





CC Flange NO friction Pucks

		0		1.1222		0		0		0		0

		0		1.7892		0		0		0		0

		0		1.6787		0		0		0		0

		0		1.7399		0		0		0		0

		0		0.63963		0		0		0		0

		0		0.55762		0		0		0		0

		0		0.46494		0		0		0		0

		0		0.41423		0		0		0		0

		0		0.11778		0		0		0		0

		0		0.58818		0		0		0		0

		0		1.171		0		0		0		0

		0		0.37644		0		0		0		0

		0		0.26333		0		0		0		0

		0		0.30157		0		0		0		0

		0		0.10245		0		0		0		0

		0		0.032226		0		0		0		0

		0		0.27094		0		0		0		0

		0		0.071239		0		0		0		0

		0		0.11267		0		0		0		0

		0		0.46881		0		0		0		0

		0		0.49927		0		0		0		0

		0		0.68554		0		0		0		0

		0		0.51067		0		0		0		0

		0		0.20197		0		0		0		0

		0		0.66547		0		0		0		0

		0		0.3869		0		0		0		0

		0		0.74681		0		0		0		0

		0		0.72273		0		0		0		0

		0		0.75653		0		0		0		0

		0		8.6127		0		0

		0		2.3576		0		0

		0		2.9277		0		0

		0		2.7849		0		0



Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip

'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

Shear with no inner leg friction or inner leg bolts (Pre+EM-Pre), kip

Shear with no inner or outer leg friction or inner leg bolts (no preload on any bolts) (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

B-C Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



A-A Flange Bolts

		Increased Shear Stiffness to 5e11 N/m^3

						global256		Goal		75

						dT(1.375" Bolts)				400		dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		New dT		New T		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip						Data at Max Slip Element																																																																		STAT		MIXED       M		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip												STAT		MIXED		Shear with no inner or outer leg friction or inner leg bolts (no preload on any bolts) (Pre+EM-Pre), kip

		1		313770		65.0		461		-161		67.502		1.2996		0.2698				Time into EM Loading		Slip		Sn		St		mu																																																												313770		-3.7292		2.7801												ELEM		FXIKIP		FYZIKIP

		2		313771		18.3		1638		-1338		97.604		2.0763		2.1191				1		3.94E-06		214061		85624.3		0.400																																																												313771		9.49E-02		3.7357												313670		-3.6147		10.351

		3		313772		25.0		1200		-900		77.963		2.1372		1.5398				1.1		1.12E-05		956760		382704		0.400																																																												313772		1.9935		1.9664												313671		-0.56839		23.778

		4		313773		62.9		477		-177		77.156		0.67068		1.4218				1.2		2.63E-05		1.66E+06		663333		0.400																																																												313773		2.9702		1.2515												313672		1.1108		13.258

		5		313774		57.4		523		-223		76.444		0.66517		0.54715				1.35		5.16E-05		2.72E+06		1.09E+06		0.400																																																												313774		0.79586		0.5247												313673		2.7394		2.5424

		6		313775		58.1		517		-217		75.743		0.59786		0.57975				1.575		9.11E-05		4.34E+06		1.74E+06		0.400																																																												313775		0.64053		0.61622												313674		1.3348		6.7478

		7		313776		57.6		521		-221		75.849		1.0549		0.49045				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400																																																												313776		0.56164		0.51488												313675		1.4371		9.3707

		8		313777		59.4		505		-205		75.588		0.72051		0.44135				2		1.67E-04		7.46E+06		2.98E+06		0.400																																																												313777		0.69455		0.45843												313676		1.4567		9.99E+00

		9		313778		75.0		400		-100		74.884		0.47896		0.12232																																																																								313778		-5.19E-02		0.12156												313677		1.4108		10.246

		10		313779		75.9		395		-95		74.502		0.30473		0.59812																																																																								313779		-9.73E-01		0.59718												313678		0.17075		2.9175

		11		313780		86.7		346		-46		69.839		0.74217		1.1743																																																																								313780		-4.4678		1.1696												313679		-0.69239		3.5136

		12		313781		43.2		695		-395		74.374		1.8973		0.38238																																																																								313781		-0.42565		0.3822												313680		-4.4913		4.1036

		13		313782		81.9		366		-66		76.861		6.93E-02		0.25509																																																																								313782		2.1318		0.25238												313681		-2.51E-02		4.5231

		14		313783		76.3		393		-93		77.01		0.59919		0.28994																																																																								313783		1.7289		0.28615												313682		2.0306		1.8782

		15		313784		75.9		395		-95		75.845		0.14077		0.11071																																																																								313784		1.007		0.11356												313683		1.7752		1.5999

		16		313785		74.5		403		-103		75.521		0.21164		3.54E-02																																																																								313785		9.46E-02		3.68E-02												313684		1.0682		0.97363

		17		313786		78.0		385		-85		75.049		0.73336		0.26188																																																																								313786		2.42E-01		2.59E-01												313685		1.84E-03		1.1356

		18		313787		80.5		373		-73		74.516		0.60112		6.78E-02																																																																								313787		-0.4514		6.68E-02												313686		0.31021		1.6654

		19		313788		79.7		377		-77		76.057		0.16148		0.12291																																																																								313788		0.93014		1.26E-01												313687		-0.31867		1.26

		20		313789		84.2		356		-56		79.895		0.61731		0.43289																																																																								313789		5.5626		0.44011												313688		0.93927		2.4348

		21		313790		76.6		392		-92		77.313		0.56198		0.53858																																																																								313790		1.729		0.53517												313689		6.0938		5.2195

		22		313791		77.3		388		-88		76.784		1.0425		0.71604																																																																								313791		1.8709		0.70987												313690		1.5886		6.5453

		23		313792		78.0		385		-85		77.073		0.9423		0.52446																																																																								313792		2.1946		0.51557												313691		1.8869		6.7371

		24		313793		75.6		397		-97		77.356		0.43651		0.19135																																																																								313793		2.213		0.18752												313692		2.2717		6.0493

		25		313794		72.1		416		-116		76.79		1.2444		0.59251																																																																								313794		1.5778		0.55304												313693		2.3372		4.6642

		26		313795		73.4		408		-108		74.071		0.9155		0.4125																																																																								313795		-0.78374		0.43276												313694		1.2751		5.1968

		27		313796		59.1		507		-207		71.598		0.90487		0.52185																																																																								313796		-2.9854		0.49332												313695		-9.69E-02		2.2237

		28		313797		52.3		573		-273		73.858		0.75851		0.57055																																																																								313797		-2.1155		0.54575												313696		-3.7016		5.6136

		29		313798		57.1		525		-225		69.821		1.6985		1.1747																																																																								313798		-4.669		1.1566												313697		-2.2658		7.1705

		30		313799		64.0		469		-169		60.474		16.827		17.739																																																																								313799		-11.585		30.561												313698		-4.0072		9.784

		31		313800		62.5		480		-180		61.916		3.4729		3.9854																																																																								313800		-9.2763		16.912

		32		313801		64.4		466		-166		62.775		2.5383		3.1058																																																																								313801		-11.443		12.875

		33		313802		67.88		442		-142		67.2		2.8642		2.8141																																																																								313802		-7.6618		9.6482

										Wanted 75		74.6

										Std Dev.		6.3

				Temps

		bfe,		313770		,temp,1,		-161		,		-161

		bfe,		313771		,temp,1,		-1338		,		-1338

		bfe,		313772		,temp,1,		-900		,		-900

		bfe,		313773		,temp,1,		-177		,		-177

		bfe,		313774		,temp,1,		-223		,		-223

		bfe,		313775		,temp,1,		-217		,		-217

		bfe,		313776		,temp,1,		-221		,		-221

		bfe,		313777		,temp,1,		-205		,		-205

		bfe,		313778		,temp,1,		-100		,		-100

		bfe,		313779		,temp,1,		-95		,		-95

		bfe,		313780		,temp,1,		-46		,		-46

		bfe,		313781		,temp,1,		-395		,		-395

		bfe,		313782		,temp,1,		-66		,		-66

		bfe,		313783		,temp,1,		-93		,		-93

		bfe,		313784		,temp,1,		-95		,		-95

		bfe,		313785		,temp,1,		-103		,		-103

		bfe,		313786		,temp,1,		-85		,		-85

		bfe,		313787		,temp,1,		-73		,		-73

		bfe,		313788		,temp,1,		-77		,		-77

		bfe,		313789		,temp,1,		-56		,		-56

		bfe,		313790		,temp,1,		-92		,		-92

		bfe,		313791		,temp,1,		-88		,		-88

		bfe,		313792		,temp,1,		-85		,		-85

		bfe,		313793		,temp,1,		-97		,		-97

		bfe,		313794		,temp,1,		-116		,		-116

		bfe,		313795		,temp,1,		-108		,		-108

		bfe,		313796		,temp,1,		-207		,		-207

		bfe,		313797		,temp,1,		-273		,		-273

		bfe,		313798		,temp,1,		-225		,		-225

		bfe,		313799		,temp,1,		-169		,		-169

		bfe,		313800		,temp,1,		-180		,		-180

		bfe,		313801		,temp,1,		-166		,		-166

		bfe,		313802		,temp,1,		-142		,		-142



green = .04 friction

Blue = .04 friction



A-A Flange Bolts

		0		1.1222		0		0		0

		0		1.7892		0		0		0

		0		1.6787		0		0		0

		0		1.7399		0		0		0

		0		0.63963		0		0		0

		0		0.55762		0		0		0

		0		0.46494		0		0		0

		0		0.41423		0		0		0

		0		0.11778		0		0		0

		0		0.58818		0		0		0

		0		1.171		0		0		0

		0		0.37644		0		0		0

		0		0.26333		0		0		0

		0		0.30157		0		0		0

		0		0.10245		0		0		0

		0		0.032226		0		0		0

		0		0.27094		0		0		0

		0		0.071239		0		0		0

		0		0.11267		0		0		0

		0		0.46881		0		0		0

		0		0.49927		0		0		0

		0		0.68554		0		0		0

		0		0.51067		0		0		0

		0		0.20197		0		0		0

		0		0.66547		0		0		0

		0		0.3869		0		0		0

		0		0.74681		0		0		0

		0		0.72273		0		0		0

		0		0.75653		0		0		0

		0		8.6127		0		0

		0		2.3576		0		0

		0		2.9277		0		0

		0		2.7849		0		0



Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip

'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

Shear with no inner or outer leg friction or inner leg bolts (no preload on any bolts) (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

B-C Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0
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0

0
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A-B Flange Bolts

		Increased Shear Stiffness to 5e11 N/m^3

						global252

						dT(Bolts)=327 on most, 1010 on some, 1.375" bolts																																																																										Preload and shear from preload step subtracted out !!!!!!!!

				Elem #		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks, Kip						Data at Max Slip Element																																																																				STAT		MIXED       MI		Shear with no pucks (Pre+EM-Pre), kip								STAT		MIXED       M		Shear with no inner leg friction (Pre+EM-Pre), kip

		1		313815		69.179		1.9655		1.9				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP								ELEM		FXIKIP		FYZIKIP

		2		313828		72.709		2.0129		2.0				1.0		3.39E-06		334571		133828		0.400																																																														313815		-8.1614		2.8384								313815		-9.2628		4.0816

		3		313841		73.907		1.6707		1.8				1.1		9.01E-06		1.93E+06		773490		0.400																																																														313828		-4.0894		0.63301								313828		-4.6956		0.90027

		4		313854		74.046		1.1148		1.4				1.2		1.80E-05		3.57E+06		1.43E+06		0.400																																																														313841		-2.1354		0.30942								313841		-2.4494		0.29671

		5		313867		78.524		1.7421		1.9				1.3		2.86E-05		5.21E+06		2.08E+06		0.400																																																														313854		-1.9264		0.67273								313854		-1.9773		0.80329

		6		313880		75.929		0.92209		1.0				1.5		4.61E-05		7.64E+06		3.05E+06		0.400																																																														313867		0.55757		1.2697								313867		0.59705		1.1863

		7		313893		75.395		0.96784		1.0				1.7		7.46E-05		1.12E+07		4.50E+06		0.400																																																														313880		0.49382		0.36576								313880		0.49908		0.30444

		8		313906		75.889		1.0764		1.1				2.0		1.18E-04		1.64E+07		6.55E+06		0.400																																																														313893		0.28229		0.42545								313893		0.29279		0.37864

		9		313919		77.817		1.4278		1.5																																																																										313906		4.89E-02		0.59524								313906		6.46E-02		0.55733

		10		313932		74.005		1.3962		1.4																																																																										313919		-0.17766		0.93221								313919		-0.15528		0.89177

		11		313945		74.002		1.5457		1.6																																																																										313932		-0.44721		1.2598								313932		-0.3986		1.2415

		12		313958		77.827		0.66267		0.7																																																																										313945		-0.44449		1.2607								313945		-0.39589		1.2424

		13		313971		75.896		0.36642		0.4																																																																										313958		-0.16771		0.93405								313958		-0.14581		0.89336

		14		313984		75.4		0.40401		0.4																																																																										313971		5.66E-02		0.59456								313971		7.18E-02		0.55645

		15		313997		75.933		0.47274		0.4																																																																										313984		0.28792		0.42166								313984		0.29785		0.37468

		16		314010		78.538		0.87191		1.0																																																																										313997		0.49913		0.35848								313997		0.50353		0.29702

		17		314023		74.019		2.2794		2.0																																																																										314010		0.57217		1.2632								314010		0.6099		1.1797

		18		314036		73.895		2.138		2.0																																																																										314023		-1.9545		0.58595								314023		-2.0116		0.71313

		19		314049		72.699		2.332		2.4																																																																										314036		-2.1473		0.21173								314036		-2.4602		0.18637

		20		314062		69.067		4.4106		3.1																																																																										314049		-4.0936		0.60491								314049		-4.698		0.88747

		21		314079		71.433		13.992		5.1																																																																										314062		-8.2756		2.4859								314062		-9.4259		3.6892

		22		314096		74.045		9.7395		3.8																																																																										314079		-0.75729		11.912								314079		1.3432		21.185

		23		314113		72.177		5.8099		2.7																																																																										314096		2.5535		8.1662								314096		2.5852		17.604

		24		314130		72.268		4.5483		0.8																																																																										314113		2.1132		4.8916								314113		1.5981		13.339

		25		314147		74.245		8.0724		1.7																																																																										314130		2.1729		4.8654								314130		1.7239		13.323

		26		314164		71.781		12.083		3.2																																																																										314147		2.7243		8.1108								314147		2.9464		17.547

				Wanted 75		74.3																																																																														314164		-0.44627		11.928								314164		1.9081		21.142

				SD		2.5

																																																																																				no pucks												no friction on inner leg



green = .04 friction

Blue = .04 friction



A-B Flange Bolts

		0		0		0

		0		0		0
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Tension no pucks (Pre), kip

Shear no pucks (Pre+EM), kip

Shear with Friction Pucks, Kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load

0
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B-C Flange Bolts

		Increased Shear Stiffness to 5e11 N/m^3

						global254

						dT(Bolts)=250, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip						Data at Max Slip Element																																																																				STAT		MIXED		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip												STAT		MIXED       M		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

		1		312935		50.3		1.5				76.998		1.089		0.91141				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP												ELEM		FXIKIP		FYZIKIP

		2		312936		52.9		0.5				82.004		0.57875		0.53562				1		5.31E-06		105438		42175		0.400																																																														312935		-3.4799		1.3976												312935		-3.3804		1.3774

		3		312937		54.7		0.7				87.327		0.66209		0.63989				1.1		3.04E-05		311685		124674		0.400																																																														312936		-2.6064		0.65393												312936		-2.5904		0.66112

		4		312938		45.3		0.6				72.478		0.63363		0.61752				1.2		5.60E-05		519592		207837		0.400																																																														312937		-0.13999		0.37741												312937		-0.21851		0.35624

		5		312939		46.2		0.3				74.285		0.25223		0.24304				1.35		9.47E-05		833710		333484		0.400																																																														312938		-1.97E-02		0.20766												312938		-5.80E-02		0.20217

		6		312940		38.9		0.3				78.794		0.65838		0.66966				1.575		1.53E-04		1.31E+06		523661		0.400																																																														312939		0.39856		0.24223												312939		0.35894		0.24014

		7		312941		46.2		0.3				73.033		0.29173		0.30633				1.9125		2.42E-04		2.03E+06		812480		0.400																																																														312940		-0.23313		2.50E-02												312940		-0.24067		2.72E-02

		8		312942		53.8		0.7				87.945		0.71646		0.7393				2		2.65E-04		2.22E+06		888149		0.400																																																														312941		0.29558		7.10E-02												312941		0.29953		6.51E-02

		9		312943		53.7		0.1				87.44		0.41882		0.40962																																																																										312942		1.7101		0.23961												312942		1.7284		0.23267

		10		312944		53.7		1.0				85.788		0.74185		0.73891																																																																										312943		1.5031		9.03E-02												312943		1.5051		8.87E-02

		11		312945		36.8		0.6				72.456		1.2935		1.2873																																																																										312944		-0.13174		0.57123												312944		-0.1333		0.56525

		12		312946		32.3		1.1				63.096		0.45348		0.4449																																																																										312945		-1.0249		0.50293												312945		-1.0082		0.49981

		13		312947		50.5		0.8				79.523		0.57651		0.56576																																																																										312946		-1.5572		1.0954												312946		-1.5308		1.0945

		14		312948		46.2		0.9				72.977		0.88136		0.87166																																																																										312947		-1.3584		0.68292												312947		-1.349		0.68732

		15		312949		46.5		0.9				74.288		0.8318		0.82171																																																																										312948		-0.90621		0.64417												312948		-0.90128		0.64828

		16		312950		53.5		1.2				87.881		1.3715		1.3609																																																																										312949		-0.17174		0.61607												312949		-0.16885		0.62022

		17		312951		39.2		0.8				81.789		0.79248		0.78396																																																																										312950		2.2614		0.58985												312950		2.2644		0.59408

		18		312952		48.9		1.0				80.285		0.86845		0.87648																																																																										312951		3.3633		0.79066												312951		3.3947		0.79577

		19		312953		46.5		0.5				75.519		0.37459		0.39747																																																																										312952		2.0784		0.73865												312952		2.0404		0.7181

		20		312954		46.4		0.5				75.37		0.64085		0.66066																																																																										312953		1.1781		0.37822												312953		1.1587		0.35931

		21		312955		42.6		0.3				69.037		0.2927		0.32016																																																																										312954		1.0881		0.19085												312954		1.068		0.17193

		22		312956		45.1		0.5				73.177		0.61728		0.65331																																																																										312955		0.88719		0.1409												312955		0.86523		0.11918

		23		312957		52.6		0.5				82.782		0.81805		0.73426																																																																										312956		0.96727		0.20864												312956		0.92275		0.19056

		24		312958		47.2		0.2				74.714		0.36944		0.3414																																																																										312957		-1.2928		0.34448												312957		-1.4249		0.38546

		25		312959		47.6		0.1				74.332		0.13638		0.20826																																																																										312958		-0.72427		0.22632												312958		-0.78158		0.25316

		26		312960		51.1		0.3				79.241		0.53927		0.44256																																																																										312959		-1.7996		0.23305												312959		-1.8917		0.27106

		27		312961		39.0		5.2				71.17		8.6571		2.4025																																																																										312960		-2.4873		0.20831												312960		-2.6101		0.21544

		28		312962		36.6		4.8				68.433		3.9823		2.0433																																																																										312961		-6.6916		7.3267												312961		-3.7391		23.251

		29		312963		45.1		6.2				66.897		5.6571		3.1367																																																																										312962		-5.7332		3.0809												312962		-2.445		16.87

						46.5				Wanted 75		76.9																																																																														312963		-3.9878		5.3294												312963		-3.745		16.283

				Wanted		75				Std Dev.		6.5

												Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip		Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip		'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

										5.05E-04		0.0198818898

										1		in



Green = .4 friction

Blue = .04 friction

deflection is in meters

bolt 1

bolt 20

bolts 21-26

Tension no pucks (Pre), kip

Shear with pucks (Pre+EM-Pre), kip

Shear with no pucks (Pre+EM-Pre), kip

Shear with no inner leg friction (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.338

0

0

0

0.48086

0

0

0

0.1737

0

0

0

0.34326

0

0

0

1.4556

0

0

0

0.46686

0

0

0

0.50044

0

0

0

0.65484

0

0

0

0.99596

0

0

0

1.2931

0

0

0

1.2942

0

0

0

0.99823

0

0

0

0.65449

0

0

0

0.49686

0

0

0

0.45952

0

0

0

1.449

0

0

0

0.26316

0

0

0

0.089037

0

0

0

0.44102

0

0

0

1.12

0

0

0

3.0532

0

0

0

1.935

0

0

0

0.68274

0

0

0

0.61729

0

0

0

1.8598

0

0

0

3.068

0

0

sliding is in meters



B-C Flange Bolts

		0		0		0

		0		0		0
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		0		0		0
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Tension (Pre), kip

Shear no pucks (Pre+EM), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Bolt #

Tension, k-lb

Shear Load, kip

A-B Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



CC Flange Bolts

		Increased Shear Stiffness to 5e11 N/m^3

						global256		Goal		75

						dT(1.375" Bolts)				400		dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		New dT		New T		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear no pucks (Pre+EM-Pre), kip						Data at Max Slip Element																																																																		STAT		MIXED       M		Shear with no inner leg friction (Pre+EM-Pre), kip

		1		313770		65.0		461		-161		67.502		1.2996		0.2698				Time into EM Loading		Slip		Sn		St		mu																																																												313770		-3.7292		2.7801

		2		313771		18.3		1638		-1338		97.604		2.0763		2.1191				1		3.94E-06		214061		85624.3		0.400																																																												313771		9.49E-02		3.7357

		3		313772		25.0		1200		-900		77.963		2.1372		1.5398				1.1		1.12E-05		956760		382704		0.400																																																												313772		1.9935		1.9664

		4		313773		62.9		477		-177		77.156		0.67068		1.4218				1.2		2.63E-05		1.66E+06		663333		0.400																																																												313773		2.9702		1.2515

		5		313774		57.4		523		-223		76.444		0.66517		0.54715				1.35		5.16E-05		2.72E+06		1.09E+06		0.400																																																												313774		0.79586		0.5247

		6		313775		58.1		517		-217		75.743		0.59786		0.57975				1.575		9.11E-05		4.34E+06		1.74E+06		0.400																																																												313775		0.64053		0.61622

		7		313776		57.6		521		-221		75.849		1.0549		0.49045				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400																																																												313776		0.56164		0.51488

		8		313777		59.4		505		-205		75.588		0.72051		0.44135				2		1.67E-04		7.46E+06		2.98E+06		0.400																																																												313777		0.69455		0.45843

		9		313778		75.0		400		-100		74.884		0.47896		0.12232																																																																								313778		-5.19E-02		0.12156

		10		313779		75.9		395		-95		74.502		0.30473		0.59812																																																																								313779		-9.73E-01		0.59718

		11		313780		86.7		346		-46		69.839		0.74217		1.1743																																																																								313780		-4.4678		1.1696

		12		313781		43.2		695		-395		74.374		1.8973		0.38238																																																																								313781		-0.42565		0.3822

		13		313782		81.9		366		-66		76.861		6.93E-02		0.25509																																																																								313782		2.1318		0.25238

		14		313783		76.3		393		-93		77.01		0.59919		0.28994																																																																								313783		1.7289		0.28615

		15		313784		75.9		395		-95		75.845		0.14077		0.11071																																																																								313784		1.007		0.11356

		16		313785		74.5		403		-103		75.521		0.21164		3.54E-02																																																																								313785		9.46E-02		3.68E-02

		17		313786		78.0		385		-85		75.049		0.73336		0.26188																																																																								313786		2.42E-01		2.59E-01

		18		313787		80.5		373		-73		74.516		0.60112		6.78E-02																																																																								313787		-0.4514		6.68E-02

		19		313788		79.7		377		-77		76.057		0.16148		0.12291																																																																								313788		0.93014		1.26E-01

		20		313789		84.2		356		-56		79.895		0.61731		0.43289																																																																								313789		5.5626		0.44011

		21		313790		76.6		392		-92		77.313		0.56198		0.53858																																																																								313790		1.729		0.53517

		22		313791		77.3		388		-88		76.784		1.0425		0.71604																																																																								313791		1.8709		0.70987

		23		313792		78.0		385		-85		77.073		0.9423		0.52446																																																																								313792		2.1946		0.51557

		24		313793		75.6		397		-97		77.356		0.43651		0.19135																																																																								313793		2.213		0.18752

		25		313794		72.1		416		-116		76.79		1.2444		0.59251																																																																								313794		1.5778		0.55304

		26		313795		73.4		408		-108		74.071		0.9155		0.4125																																																																								313795		-0.78374		0.43276

		27		313796		59.1		507		-207		71.598		0.90487		0.52185																																																																								313796		-2.9854		0.49332

		28		313797		52.3		573		-273		73.858		0.75851		0.57055																																																																								313797		-2.1155		0.54575

		29		313798		57.1		525		-225		69.821		1.6985		1.1747																																																																								313798		-4.669		1.1566

		30		313799		64.0		469		-169		60.474		16.827		17.739																																																																								313799		-11.585		30.561

		31		313800		62.5		480		-180		61.916		3.4729		3.9854																																																																								313800		-9.2763		16.912

		32		313801		64.4		466		-166		62.775		2.5383		3.1058																																																																								313801		-11.443		12.875

		33		313802		67.88		442		-142		67.2		2.8642		2.8141																																																																								313802		-7.6618		9.6482

										Wanted 75		74.6

										Std Dev.		6.3

				Temps

		bfe,		313770		,temp,1,		-161		,		-161

		bfe,		313771		,temp,1,		-1338		,		-1338

		bfe,		313772		,temp,1,		-900		,		-900

		bfe,		313773		,temp,1,		-177		,		-177

		bfe,		313774		,temp,1,		-223		,		-223

		bfe,		313775		,temp,1,		-217		,		-217

		bfe,		313776		,temp,1,		-221		,		-221

		bfe,		313777		,temp,1,		-205		,		-205

		bfe,		313778		,temp,1,		-100		,		-100

		bfe,		313779		,temp,1,		-95		,		-95

		bfe,		313780		,temp,1,		-46		,		-46

		bfe,		313781		,temp,1,		-395		,		-395

		bfe,		313782		,temp,1,		-66		,		-66

		bfe,		313783		,temp,1,		-93		,		-93

		bfe,		313784		,temp,1,		-95		,		-95

		bfe,		313785		,temp,1,		-103		,		-103

		bfe,		313786		,temp,1,		-85		,		-85

		bfe,		313787		,temp,1,		-73		,		-73

		bfe,		313788		,temp,1,		-77		,		-77

		bfe,		313789		,temp,1,		-56		,		-56

		bfe,		313790		,temp,1,		-92		,		-92

		bfe,		313791		,temp,1,		-88		,		-88

		bfe,		313792		,temp,1,		-85		,		-85

		bfe,		313793		,temp,1,		-97		,		-97

		bfe,		313794		,temp,1,		-116		,		-116

		bfe,		313795		,temp,1,		-108		,		-108

		bfe,		313796		,temp,1,		-207		,		-207

		bfe,		313797		,temp,1,		-273		,		-273

		bfe,		313798		,temp,1,		-225		,		-225

		bfe,		313799		,temp,1,		-169		,		-169

		bfe,		313800		,temp,1,		-180		,		-180

		bfe,		313801		,temp,1,		-166		,		-166

		bfe,		313802		,temp,1,		-142		,		-142



Pink = .4 friction

Blue = .04 friction

bolt 1

bolt 26

bolts 27-29

Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear with no pucks (mu = .04 on unbolted regions) (Pre+EM-Pre), kip

'Shear with no pucks and no in-board bolt preload (mu = .04 on in-board regions) (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-B Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.203

0

0

0

0.59071

0

0

0

0.36259

0

0

0

0.18707

0

0

0

0.21883

0

0

0

0.023595

0

0

0

0.089997

0

0

0

0.25935

0

0

0

0.091693

0

0

0

0.56825

0

0

0

0.49893

0

0

0

1.0937

0

0

0

0.67293

0

0

0

0.63443

0

0

0

0.60619

0

0

0

0.57971

0

0

0

0.78411

0

0

0

0.74996

0

0

0

0.39842

0

0

0

0.21789

0

0

0

0.17389

0

0

0

0.23446

0

0

0

0.2465

0

0

0

0.14829

0

0

0

0.14339

0

0

0

0.15351

0

0

0

2.0129

0

0

0

1.2209

0

0

0

2.8363

0

0

Sliding is in meters



CC Flange Bolts

		0		1.1222		0		0

		0		1.7892		0		0

		0		1.6787		0		0

		0		1.7399		0		0

		0		0.63963		0		0

		0		0.55762		0		0

		0		0.46494		0		0

		0		0.41423		0		0

		0		0.11778		0		0

		0		0.58818		0		0

		0		1.171		0		0

		0		0.37644		0		0

		0		0.26333		0		0

		0		0.30157		0		0

		0		0.10245		0		0

		0		0.032226		0		0

		0		0.27094		0		0

		0		0.071239		0		0

		0		0.11267		0		0

		0		0.46881		0		0

		0		0.49927		0		0

		0		0.68554		0		0

		0		0.51067		0		0

		0		0.20197		0		0

		0		0.66547		0		0

		0		0.3869		0		0

		0		0.74681		0		0

		0		0.72273		0		0

		0		0.75653		0		0

		0		8.6127		0		0

		0		2.3576		0		0

		0		2.9277		0		0

		0		2.7849		0		0



Tension no pucks (Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Shear no pucks (Pre+EM-Pre), kip

Shear with no inner leg friction (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

B-C Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0
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		Increased Shear Stiffness to 5e11 N/m^3

						global252

						dT(Bolts)=327 on most, 1010 on some, 1.375" bolts																																																																										Preload and shear from preload step subtracted out !!!!!!!!

				Elem #		Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks, Kip						Data at Max Slip Element																																																																				STAT		MIXED       MI		Shear (Pre+EM-Pre), kip

		1		313815		69.179		1.9655		1.9				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP

		2		313828		72.709		2.0129		2.0				1.0		3.39E-06		334571		133828		0.400																																																														313815		-8.1614		2.8384

		3		313841		73.907		1.6707		1.8				1.1		9.01E-06		1.93E+06		773490		0.400																																																														313828		-4.0894		0.63301

		4		313854		74.046		1.1148		1.4				1.2		1.80E-05		3.57E+06		1.43E+06		0.400																																																														313841		-2.1354		0.30942

		5		313867		78.524		1.7421		1.9				1.3		2.86E-05		5.21E+06		2.08E+06		0.400																																																														313854		-1.9264		0.67273

		6		313880		75.929		0.92209		1.0				1.5		4.61E-05		7.64E+06		3.05E+06		0.400																																																														313867		0.55757		1.2697

		7		313893		75.395		0.96784		1.0				1.7		7.46E-05		1.12E+07		4.50E+06		0.400																																																														313880		0.49382		0.36576

		8		313906		75.889		1.0764		1.1				2.0		1.18E-04		1.64E+07		6.55E+06		0.400																																																														313893		0.28229		0.42545

		9		313919		77.817		1.4278		1.5																																																																										313906		4.89E-02		0.59524

		10		313932		74.005		1.3962		1.4																																																																										313919		-0.17766		0.93221

		11		313945		74.002		1.5457		1.6																																																																										313932		-0.44721		1.2598

		12		313958		77.827		0.66267		0.7																																																																										313945		-0.44449		1.2607

		13		313971		75.896		0.36642		0.4																																																																										313958		-0.16771		0.93405

		14		313984		75.4		0.40401		0.4																																																																										313971		5.66E-02		0.59456

		15		313997		75.933		0.47274		0.4																																																																										313984		0.28792		0.42166

		16		314010		78.538		0.87191		1.0																																																																										313997		0.49913		0.35848

		17		314023		74.019		2.2794		2.0																																																																										314010		0.57217		1.2632

		18		314036		73.895		2.138		2.0																																																																										314023		-1.9545		0.58595

		19		314049		72.699		2.332		2.4																																																																										314036		-2.1473		0.21173

		20		314062		69.067		4.4106		3.1																																																																										314049		-4.0936		0.60491

		21		314079		71.433		13.992		5.1																																																																										314062		-8.2756		2.4859

		22		314096		74.045		9.7395		3.8																																																																										314079		-0.75729		11.912

		23		314113		72.177		5.8099		2.7																																																																										314096		2.5535		8.1662

		24		314130		72.268		4.5483		0.8																																																																										314113		2.1132		4.8916

		25		314147		74.245		8.0724		1.7																																																																										314130		2.1729		4.8654

		26		314164		71.781		12.083		3.2																																																																										314147		2.7243		8.1108

				Wanted 75		74.3																																																																														314164		-0.44627		11.928

				SD		2.5



green = .4 friction

Blue = .04 friction

bolt 33

bolt 1

BC has always been the location of the ,max shear stress

Note the relative motion of the flanges
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Tension no pucks (Pre), kip

Shear no pucks (Pre+EM), kip

Shear with Friction Pucks, Kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load
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		Increased Shear Stiffness to 5e11 N/m^3

						global254

						dT(Bolts)=250, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension no pucks (Pre), kip		Shear no pucks (Pre+EM), kip		Shear with Friction Pucks, Kip						Data at Max Slip Element																																																																				STAT		MIXED		Shear with no pucks (Pre+EM-Pre), kip

		1		312935		50.3		1.5				76.998		1.089		0.91141				Time into EM Loading		Slip		Sn		St		mu																																																														ELEM		FXIKIP		FYZIKIP

		2		312936		52.9		0.5				82.004		0.57875		0.53562				1		5.31E-06		105438		42175		0.400																																																														312935		-3.4799		1.3976

		3		312937		54.7		0.7				87.327		0.66209		0.63989				1.1		3.04E-05		311685		124674		0.400																																																														312936		-2.6064		0.65393

		4		312938		45.3		0.6				72.478		0.63363		0.61752				1.2		5.60E-05		519592		207837		0.400																																																														312937		-0.13999		0.37741

		5		312939		46.2		0.3				74.285		0.25223		0.24304				1.35		9.47E-05		833710		333484		0.400																																																														312938		-1.97E-02		0.20766

		6		312940		38.9		0.3				78.794		0.65838		0.66966				1.575		1.53E-04		1.31E+06		523661		0.400																																																														312939		0.39856		0.24223

		7		312941		46.2		0.3				73.033		0.29173		0.30633				1.9125		2.42E-04		2.03E+06		812480		0.400																																																														312940		-0.23313		2.50E-02

		8		312942		53.8		0.7				87.945		0.71646		0.7393				2		2.65E-04		2.22E+06		888149		0.400																																																														312941		0.29558		7.10E-02

		9		312943		53.7		0.1				87.44		0.41882		0.40962																																																																										312942		1.7101		0.23961

		10		312944		53.7		1.0				85.788		0.74185		0.73891																																																																										312943		1.5031		9.03E-02

		11		312945		36.8		0.6				72.456		1.2935		1.2873																																																																										312944		-0.13174		0.57123

		12		312946		32.3		1.1				63.096		0.45348		0.4449																																																																										312945		-1.0249		0.50293

		13		312947		50.5		0.8				79.523		0.57651		0.56576																																																																										312946		-1.5572		1.0954

		14		312948		46.2		0.9				72.977		0.88136		0.87166																																																																										312947		-1.3584		0.68292

		15		312949		46.5		0.9				74.288		0.8318		0.82171																																																																										312948		-0.90621		0.64417

		16		312950		53.5		1.2				87.881		1.3715		1.3609																																																																										312949		-0.17174		0.61607

		17		312951		39.2		0.8				81.789		0.79248		0.78396																																																																										312950		2.2614		0.58985

		18		312952		48.9		1.0				80.285		0.86845		0.87648																																																																										312951		3.3633		0.79066

		19		312953		46.5		0.5				75.519		0.37459		0.39747																																																																										312952		2.0784		0.73865

		20		312954		46.4		0.5				75.37		0.64085		0.66066																																																																										312953		1.1781		0.37822

		21		312955		42.6		0.3				69.037		0.2927		0.32016																																																																										312954		1.0881		0.19085

		22		312956		45.1		0.5				73.177		0.61728		0.65331																																																																										312955		0.88719		0.1409

		23		312957		52.6		0.5				82.782		0.81805		0.73426																																																																										312956		0.96727		0.20864

		24		312958		47.2		0.2				74.714		0.36944		0.3414																																																																										312957		-1.2928		0.34448

		25		312959		47.6		0.1				74.332		0.13638		0.20826																																																																										312958		-0.72427		0.22632

		26		312960		51.1		0.3				79.241		0.53927		0.44256																																																																										312959		-1.7996		0.23305

		27		312961		39.0		5.2				71.17		8.6571		2.4025																																																																										312960		-2.4873		0.20831

		28		312962		36.6		4.8				68.433		3.9823		2.0433																																																																										312961		-6.6916		7.3267

		29		312963		45.1		6.2				66.897		5.6571		3.1367																																																																										312962		-5.7332		3.0809

						46.5				Wanted 75		76.9																																																																														312963		-3.9878		5.3294

				Wanted		75				Std Dev.		6.5



Green = .4 friction

Blue = .04 friction

deflection is in meters

bolt 1

bolt 20

bolts 21-26

Tension no pucks (Pre), kip

Shear (Pre+EM-Pre), kip

Shear with pucks (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load

0

0
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0
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0

0
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0

0

0.26316

0

0

0.089037

0

0

0.44102

0

0

1.12

0

0

3.0532

0

0

1.935

0

0

0.68274

0

0

0.61729

0

0

1.8598

0

0

3.068

sliding is in meters
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Tension (Pre), kip

Shear no pucks (Pre+EM), kip

Shear with Friction Pucks, Kip

Bolt #

Tension, k-lb

Shear Load, kip

A-B Bolt Preload & EM-Driven Bolt Shear Load
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		Increased Shear Stiffness to 5e11 N/m^3

						global256		Goal		75

						dT(1.375" Bolts)				400		dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		New dT		New T		Tension (Pre), kip		Shear (Pre+EM), kip		Shear (Pre+EM-Pre), kip						Data at Max Slip Element

		1		313770		65.0		461		-161		67.502		1.2996		0.2698				Time into EM Loading		Slip		Sn		St		mu

		2		313771		18.3		1638		-1338		97.604		2.0763		2.1191				1		3.94E-06		214061		85624.3		0.400

		3		313772		25.0		1200		-900		77.963		2.1372		1.5398				1.1		1.12E-05		956760		382704		0.400

		4		313773		62.9		477		-177		77.156		0.67068		1.4218				1.2		2.63E-05		1.66E+06		663333		0.400

		5		313774		57.4		523		-223		76.444		0.66517		0.54715				1.35		5.16E-05		2.72E+06		1.09E+06		0.400

		6		313775		58.1		517		-217		75.743		0.59786		0.57975				1.575		9.11E-05		4.34E+06		1.74E+06		0.400

		7		313776		57.6		521		-221		75.849		1.0549		0.49045				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400

		8		313777		59.4		505		-205		75.588		0.72051		0.44135				2		1.67E-04		7.46E+06		2.98E+06		0.400

		9		313778		75.0		400		-100		74.884		0.47896		0.12232

		10		313779		75.9		395		-95		74.502		0.30473		0.59812

		11		313780		86.7		346		-46		69.839		0.74217		1.1743

		12		313781		43.2		695		-395		74.374		1.8973		0.38238

		13		313782		81.9		366		-66		76.861		6.93E-02		0.25509

		14		313783		76.3		393		-93		77.01		0.59919		0.28994

		15		313784		75.9		395		-95		75.845		0.14077		0.11071

		16		313785		74.5		403		-103		75.521		0.21164		3.54E-02

		17		313786		78.0		385		-85		75.049		0.73336		0.26188

		18		313787		80.5		373		-73		74.516		0.60112		6.78E-02

		19		313788		79.7		377		-77		76.057		0.16148		0.12291

		20		313789		84.2		356		-56		79.895		0.61731		0.43289

		21		313790		76.6		392		-92		77.313		0.56198		0.53858

		22		313791		77.3		388		-88		76.784		1.0425		0.71604

		23		313792		78.0		385		-85		77.073		0.9423		0.52446

		24		313793		75.6		397		-97		77.356		0.43651		0.19135

		25		313794		72.1		416		-116		76.79		1.2444		0.59251

		26		313795		73.4		408		-108		74.071		0.9155		0.4125

		27		313796		59.1		507		-207		71.598		0.90487		0.52185

		28		313797		52.3		573		-273		73.858		0.75851		0.57055

		29		313798		57.1		525		-225		69.821		1.6985		1.1747

		30		313799		64.0		469		-169		60.474		16.827		17.739

		31		313800		62.5		480		-180		61.916		3.4729		3.9854

		32		313801		64.4		466		-166		62.775		2.5383		3.1058

		33		313802		67.88		442		-142		67.2		2.8642		2.8141

										Wanted 75		74.6

										Std Dev.		6.3

				Temps

		bfe,		313770		,temp,1,		-161		,		-161

		bfe,		313771		,temp,1,		-1338		,		-1338

		bfe,		313772		,temp,1,		-900		,		-900

		bfe,		313773		,temp,1,		-177		,		-177

		bfe,		313774		,temp,1,		-223		,		-223

		bfe,		313775		,temp,1,		-217		,		-217

		bfe,		313776		,temp,1,		-221		,		-221

		bfe,		313777		,temp,1,		-205		,		-205

		bfe,		313778		,temp,1,		-100		,		-100

		bfe,		313779		,temp,1,		-95		,		-95

		bfe,		313780		,temp,1,		-46		,		-46

		bfe,		313781		,temp,1,		-395		,		-395

		bfe,		313782		,temp,1,		-66		,		-66

		bfe,		313783		,temp,1,		-93		,		-93

		bfe,		313784		,temp,1,		-95		,		-95

		bfe,		313785		,temp,1,		-103		,		-103

		bfe,		313786		,temp,1,		-85		,		-85

		bfe,		313787		,temp,1,		-73		,		-73

		bfe,		313788		,temp,1,		-77		,		-77

		bfe,		313789		,temp,1,		-56		,		-56

		bfe,		313790		,temp,1,		-92		,		-92

		bfe,		313791		,temp,1,		-88		,		-88

		bfe,		313792		,temp,1,		-85		,		-85

		bfe,		313793		,temp,1,		-97		,		-97

		bfe,		313794		,temp,1,		-116		,		-116

		bfe,		313795		,temp,1,		-108		,		-108

		bfe,		313796		,temp,1,		-207		,		-207

		bfe,		313797		,temp,1,		-273		,		-273

		bfe,		313798		,temp,1,		-225		,		-225

		bfe,		313799		,temp,1,		-169		,		-169

		bfe,		313800		,temp,1,		-180		,		-180

		bfe,		313801		,temp,1,		-166		,		-166

		bfe,		313802		,temp,1,		-142		,		-142



deflection is in meters

Pink = .4 friction

Blue = .04 friction

bolt 1

bolt 26

bolts 27-29

Tension no pucks (Pre), kip

Shear with pucks (Pre+EM-Pre), kip

Shear with no pucks (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-B Bolt Preload & EM-Driven Bolt Shear Load

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.203

0

0

0.59071

0

0

0.36259

0

0

0.18707

0

0

0.21883

0

0

0.023595

0

0

0.089997

0

0

0.25935

0

0

0.091693

0

0

0.56825

0

0

0.49893

0

0

1.0937

0

0

0.67293

0

0

0.63443

0

0

0.60619

0

0

0.57971

0

0

0.78411

0

0

0.74996

0

0

0.39842

0

0

0.21789

0

0

0.17389

0

0

0.23446

0

0

0.2465

0

0

0.14829

0

0

0.14339

0

0

0.15351

0

0

2.0129

0

0

1.2209

0

0

2.8363

0

Sliding is in meters



		0		0		1.1222

		0		0		1.7892

		0		0		1.6787

		0		0		1.7399

		0		0		0.63963

		0		0		0.55762

		0		0		0.46494

		0		0		0.41423

		0		0		0.11778

		0		0		0.58818

		0		0		1.171

		0		0		0.37644

		0		0		0.26333

		0		0		0.30157

		0		0		0.10245

		0		0		0.032226

		0		0		0.27094

		0		0		0.071239

		0		0		0.11267

		0		0		0.46881

		0		0		0.49927

		0		0		0.68554

		0		0		0.51067

		0		0		0.20197

		0		0		0.66547

		0		0		0.3869

		0		0		0.74681

		0		0		0.72273

		0		0		0.75653

		0		0		8.6127

		0		0		2.3576

		0		0		2.9277

		0		0		2.7849



Tension (Pre), kip

Shear (Pre+EM-Pre), kip

Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip

Bolt #

Tension, k-lb

Shear Load, kip

B-C Bolt Preload & EM-Driven Bolt Shear Load
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		Increased Shear Stiffness to 5e11 N/m^3

						global255

						dT(Bolts)=400, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension no pucks (Pre), kip		Shear with mu = .04 on unbolted regions (Pre+EM-Pre), kip		Shear with mu = .4 everywhere (Pre+EM-Pre), Kip						Data at Max Slip Element																																																																				STAT		MIXED		Shear (Pre+EM-Pre), kip										STAT		MIXED		MIXED

		1		314177								87.6		5.5		3.2				Time into EM Loading		Slip		Sn		St		mu																																																												1		ELEM		FXIKIP		FYZIKIP										ELEM		FXIKIP		FYZIKIP

		2		314190								84.2		2.4		1.4				1		3.94E-06		214061		85624.3		0.400																																																												2		314177		-1.9625		4.8898								1		312512		1.34E-02		1.9824

		3		314203								82.4		1.5		0.8				1.1		1.12E-05		956760		382704		0.400																																																												3		314190		0.1157		2.3849								2		312525		-5.83E-01		3.82E-01

		4		314216								76.5		0.2		0.3				1.2		2.63E-05		1.66E+06		663333		0.400																																																												4		314203		1.0366		1.6861								3		312538		-3.16E-01		2.36E-01

		5		314229								77.4		0.2		0.1				1.35		5.16E-05		2.72E+06		1.09E+06		0.400																																																												5		314216		1.7611		1.2841								4		312551		-2.0413		7.04E-02

		6		314242								76.7		0.3		0.2				1.575		9.11E-05		4.34E+06		1.74E+06		0.400																																																												6		314229		1.8862		1.315								5		312564		-2.7958		4.23E-01

		7		314255								76.4		0.7		0.7				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400																																																												7		314242		1.7702		1.344								6		312577		-3.2923		7.03E-01

		8		314268								74.2		0.8		0.8				2		1.67E-04		7.46E+06		2.98E+06		0.400																																																												8		314255		0.75544		1.6142								7		312590		-3.0363		5.88E-01

		9		314281								74.0		0.7		0.7																																																																								9		314268		-0.54366		1.5471								8		312603		-3.3691		4.29E-01

		10		314294								76.3		0.4		0.3																																																																								10		314281		-1.1586		1.1966								9		312616		-3.402		2.38E-01

		11		314307								80.6		1.5		1.4																																																																								11		314294		-1.3306		0.87291								10		312629		-2.9514		3.17E-01

		12		314320								75.9		1.4		1.3																																																																								12		314307		0.54206		0.81983								11		312642		-8.66E-01		5.92E-01

		13		314333								75.7		1.1		1.1																																																																								13		314320		0.96496		0.86376								12		312655		1.2482		7.35E-01

		14		314346								75.2		1.1		1.0																																																																								14		314333		1.1118		0.63559								13		312668		1.4141		3.79E-01

		15		314359								79.5		0.8		0.8																																																																								15		314346		1.1561		0.66376								14		312681		1.298		2.24E-01

		16		314372								59.0		0.8		0.8																																																																								16		314359		2.191		0.46541								15		312694		2.1187		6.66E-01

		17		314387								59.0		0.6		0.6																																																																								17		314372		-1.3887		0.76887								16		312707		-4.0998		8.33E-01

		18		314400								79.5		0.8		0.8																																																																								18		314387		-1.3818		0.78126								17		312722		-4.0916		8.72E-01

		19		314413								75.2		0.8		0.7																																																																								19		314400		2.1906		0.46707								18		312735		2.1074		7.01E-01

		20		314426								75.7		0.5		0.5																																																																								20		314413		1.1623		0.65285								19		312748		1.2978		2.26E-01

		21		314439								75.9		0.6		0.6																																																																								21		314426		1.1203		0.62047								20		312761		1.4185		3.62E-01

		22		314452								80.6		0.9		0.8																																																																								22		314439		0.97756		0.84947								21		312774		1.2594		7.16E-01

		23		314465								76.2		1.8		1.5																																																																								23		314452		0.554		0.8118								22		312787		-8.55E-01		6.09E-01

		24		314478								74.0		1.9		1.7																																																																								24		314465		-1.3462		0.84856								23		312800		-2.9458		3.65E-01

		25		314491								74.2		2.2		2.0																																																																								25		314478		-1.181		1.1745								24		312813		-3.4041		2.07E-01

		26		314504								76.3		2.4		2.1																																																																								26		314491		-0.57614		1.5353								25		312826		-3.3712		4.12E-01

		27		314517								76.6		2.3		1.9																																																																								27		314504		0.71718		1.6316								26		312839		-3.0381		5.79E-01

		28		314530								77.4		2.3		1.8																																																																								28		314517		1.7351		1.389								27		312852		-3.2973		6.78E-01

		29		314543								76.5		2.3		1.7																																																																								29		314530		1.8494		1.3663								28		312865		-2.8022		3.77E-01

		30		314556								82.4		3.0		1.9																																																																								30		314543		1.7224		1.3355								29		312878		-2.0383		1.30E-01

		31		314569								84.2		4.1		2.6																																																																								31		314556		1.0052		1.705								30		312891		-3.12E-01		2.42E-01

		32		314582								87.5		7.3		4.6																																																																								32		314569		6.76E-01		2.3867								31		312904		-5.81E-01		3.84E-01

										Wanted 75		77.0																																																																														314582		-2.061		4.8491								32		312917		-8.47E-03		1.9824

										Std Dev.		6.0																																																																																										33		312930		6.37E-01		2.2415

																																																																																																						34		312943		-2.4486		1.1996

																																																																																																						35		312956		-4.5013		2.5085

																																																												0.0198818898				39.3700787402																																						36		313047		-4.4173		2.6535

																																																																																																						37		313060		-2.414		1.2677

																																																																																																						38		313073		0.64094		2.2404

																																																																																						4.28



green = .4 friction

Blue = .04 friction

bolt 33

bolt 1

BC has always been the location of the ,max shear stress

Note the relative motion of the flanges

slippage occurs here
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Tension no pucks (Pre), kip

Shear with mu = .04 on unbolted regions (Pre+EM-Pre), kip

Shear with mu = .4 everywhere (Pre+EM-Pre), Kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load
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		Increased Shear Stiffness to 5e11 N/m^3

						global252

						dT(Bolts)=327 on most, 1010 on some, 1.375" bolts																																Shear Stiffness Study

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip		Shear with pucks (Pre+EM-Pre), kip						Data at Max Slip Element																						Contact Shear Stiffness, 1e11 N/m^3		Max Bolt Shear, kip		Clock-Time, hr

		1		313815		77.4		1.9		1.3				Time into EM Loading		Slip		Sn		St		mu																0.17		13		5.8

		2		313828		76.8		2.0		0.5				1.0		3.39E-06		334571		133828		0.400																1		10		6.9

		3		313841		76.1		1.8		0.2				1.1		9.01E-06		1.93E+06		773490		0.400																5		5		11.2

		4		313854		76.0		1.4		0.3				1.2		1.80E-05		3.57E+06		1.43E+06		0.400																10		4.5		14.5

		5		313867		78.0		1.9		1.5				1.3		2.86E-05		5.21E+06		2.08E+06		0.400

		6		313880		75.4		1.0		0.5				1.5		4.61E-05		7.64E+06		3.05E+06		0.400

		7		313893		75.1		1.0		0.5				1.7		7.46E-05		1.12E+07		4.50E+06		0.400

		8		313906		75.8		1.1		0.7				2.0		1.18E-04		1.64E+07		6.55E+06		0.400

		9		313919		78.0		1.5		1.0

		10		313932		74.5		1.4		1.3

		11		313945		74.4		1.6		1.3

		12		313958		78.0		0.7		1.0

		13		313971		75.8		0.4		0.7

		14		313984		75.1		0.4		0.5

		15		313997		75.4		0.4		0.5

		16		314010		78.0		1.0		1.4

		17		314023		76.0		2.0		0.3

		18		314036		76.1		2.0		0.1

		19		314049		76.8		2.4		0.4

		20		314062		77.4		3.1		1.1

		21		314079		72.4		5.1		3.1

		22		314096		71.5		3.8		1.9

		23		314113		70.1		2.7		0.7

		24		314130		70.1		0.8		0.6

		25		314147		71.5		1.7		1.9

		26		314164		72.4		3.2		3.1

				Wanted 75		75.2

				SD		2.4



Sliding is in meters

green = .4 friction

Blue = .04 friction

bolt 1

bolt 32

Tension no pucks (Pre), kip

Shear with mu = .4 everywhere (Pre+EM-Pre), Kip

Shear with mu = .04 on unbolted regions (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

C-C Bolt Preload & EM-Driven Bolt Shear Load
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0

Deflection is in meters
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Tension (Pre), kip

Shear with pucks (Pre+EM-Pre), kip

Bolt #

Tension, k-lb

Shear Load, kip

A-A Bolt Preload & EM-Driven Bolt Shear Load
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Max Bolt Shear, kip

Clock-Time, hr

Contact Element Shear Stiffness, 1E11 N/m**3

Shear & Run-Time (kip & hr)

Fig. 2.0-6 Max A-A Bolt Shear Load & Model Run-Time v. Contact Shear Stiffness
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		Increased Shear Stiffness to 5e11 N/m^3

						global254

						dT(Bolts)=250, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension (Pre), kip		Shear (Pre+EM), kip		Shear with pucks (Pre+EM-Pre), kip						Data at Max Slip Element

		1		312935		50.3		1.5				80.5		0.91141		1.203				Time into EM Loading		Slip		Sn		St		mu

		2		312936		52.9		0.5				84.6		0.53562		0.59071				1		5.31E-06		105438		42175		0.400

		3		312937		54.7		0.7				87.5		0.63989		0.36259				1.1		3.04E-05		311685		124674		0.400

		4		312938		45.3		0.6				72.5		0.61752		0.18707				1.2		5.60E-05		519592		207837		0.400

		5		312939		46.2		0.3				73.9		0.24304		0.21883				1.35		9.47E-05		833710		333484		0.400

		6		312940		38.9		0.3				79.0		0.66966		2.36E-02				1.575		1.53E-04		1.31E+06		523661		0.400

		7		312941		46.2		0.3				72.7		0.30633		9.00E-02				1.9125		2.42E-04		2.03E+06		812480		0.400

		8		312942		53.8		0.7				86.2		0.7393		0.25935				2		2.65E-04		2.22E+06		888149		0.400

		9		312943		53.7		0.1				85.9		0.40962		9.17E-02

		10		312944		53.7		1.0				85.9		0.73891		0.56825

		11		312945		36.8		0.6				73.5		1.2873		0.49893

		12		312946		32.3		1.1				64.7		0.4449		1.0937

		13		312947		50.5		0.8				80.9		0.56576		0.67293

		14		312948		46.2		0.9				73.9		0.87166		0.63443

		15		312949		46.5		0.9				74.5		0.82171		0.60619

		16		312950		53.5		1.2				85.6		1.3609		0.57971

		17		312951		39.2		0.8				78.4		0.78396		0.78411

		18		312952		48.9		1.0				78.2		0.87648		0.74996

		19		312953		46.5		0.5				74.3		0.39747		0.39842

		20		312954		46.4		0.5				74.3		0.66066		0.21789

		21		312955		42.6		0.3				68.2		0.32016		0.17389

		22		312956		45.1		0.5				72.2		0.65331		0.23446

		23		312957		52.6		0.5				84.1		0.73426		0.2465

		24		312958		47.2		0.2				75.4		0.3414		0.14829

		25		312959		47.6		0.1				76.2		0.20826		0.14339

		26		312960		51.1		0.3				81.8		0.44256		0.15351

		27		312961		39.0		5.2				78.0		2.4025		2.0129

		28		312962		36.6		4.8				74.3		2.0433		1.2209

		29		312963		45.1		6.2				71.1		3.1367		2.8363

						46.5				Wanted 75		77.5

				Wanted		75				Std Dev.		5.8
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		Increased Shear Stiffness to 5e11 N/m^3

						global256		Goal		75																				313770		-1.325		1.1222

						dT(1.375" Bolts)				400		dT(Bolts)=complex, 1.375" bolts																		313771		1.5485		1.7892

				Elem #		Tension (Pre), kip		New dT		New T		Tension (Pre), kip		Shear (Pre+EM), kip		Shear with Friction Pucks (mu = .4 everywhere) (Pre+EM-Pre), Kip						Data at Max Slip Element								313772		2.7126		1.6787

		1		313770		65.0		461		-161		69.8		1.1		1.1				Time into EM Loading		Slip		Sn		St		mu		313773		2.6995		1.7399

		2		313771		18.3		1638		-1338		96.8		1.8		1.8				1		3.94E-06		214061		85624.3		0.400		313774		0.80321		0.63963

		3		313772		25.0		1200		-900		75.3		1.7		1.7				1.1		1.12E-05		956760		382704		0.400		313775		0.66211		0.55762

		4		313773		62.9		477		-177		74.2		1.7		1.7				1.2		2.63E-05		1.66E+06		663333		0.400		313776		0.54953		0.46494

		5		313774		57.4		523		-223		75.6		0.6		0.6				1.35		5.16E-05		2.72E+06		1.09E+06		0.400		313777		0.67187		0.41423

		6		313775		58.1		517		-217		75.1		0.6		0.6				1.575		9.11E-05		4.34E+06		1.74E+06		0.400		313778		-8.15E-02		0.11778

		7		313776		57.6		521		-221		75.3		0.5		0.5				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400		313779		-0.98441		0.58818

		8		313777		59.4		505		-205		74.9		0.4		0.4				2		1.67E-04		7.46E+06		2.98E+06		0.400		313780		-4.5631		1.171

		9		313778		75.0		400		-100		74.9		0.1		0.1														313781		-0.47405		0.37644

		10		313779		75.9		395		-95		75.5		0.6		0.6														313782		2.1385		0.26333

		11		313780		86.7		346		-46		74.3		1.2		1.2														313783		1.7347		0.30157

		12		313781		43.2		695		-395		74.8		0.4		0.4														313784		0.9988		0.10245

		13		313782		81.9		366		-66		74.7		0.3		0.3														313785		8.66E-02		3.22E-02

		14		313783		76.3		393		-93		75.3		0.3		0.3														313786		0.26247		0.27094

		15		313784		75.9		395		-95		74.8		0.1		0.1														313787		-0.48663		7.12E-02

		16		313785		74.5		403		-103		75.4		0.0		0.0														313788		0.88731		0.11267

		17		313786		78.0		385		-85		74.8		0.3		0.3														313789		5.4332		0.46881

		18		313787		80.5		373		-73		75.0		0.1		0.1														313790		1.7121		0.49927

		19		313788		79.7		377		-77		75.1		0.1		0.1														313791		1.8944		0.68554

		20		313789		84.2		356		-56		74.4		0.5		0.5														313792		2.2435		0.51067

		21		313790		76.6		392		-92		75.6		0.5		0.5														313793		2.2773		0.20197

		22		313791		77.3		388		-88		74.9		0.7		0.7														313794		1.7083		0.66547

		23		313792		78.0		385		-85		74.8		0.5		0.5														313795		-0.73189		0.3869

		24		313793		75.6		397		-97		75.1		0.2		0.2														313796		-3.3004		0.74681

		25		313794		72.1		416		-116		75.2		0.7		0.7														313797		-1.8909		0.72273

		26		313795		73.4		408		-108		74.8		0.4		0.4														313798		-3.7395		0.75653

		27		313796		59.1		507		-207		74.5		0.7		0.7														313799		-14.081		8.6127

		28		313797		52.3		573		-273		75.9		0.7		0.7														313800		-11.516		2.3576

		29		313798		57.1		525		-225		74.5		0.8		0.8														313801		-9.5805		2.9277

		30		313799		64.0		469		-169		74.7		8.6		8.6														313802		-6.0171		2.7849

		31		313800		62.5		480		-180		75.2		2.4		2.4

		32		313801		64.4		466		-166		75.0		2.9		2.9

		33		313802		67.88		442		-142		74.5		2.8		2.8

										Wanted 75		75.5

										Std Dev.		3.9

				Temps

		bfe,		313770		,temp,1,		-161		,		-161

		bfe,		313771		,temp,1,		-1338		,		-1338

		bfe,		313772		,temp,1,		-900		,		-900

		bfe,		313773		,temp,1,		-177		,		-177

		bfe,		313774		,temp,1,		-223		,		-223

		bfe,		313775		,temp,1,		-217		,		-217

		bfe,		313776		,temp,1,		-221		,		-221

		bfe,		313777		,temp,1,		-205		,		-205

		bfe,		313778		,temp,1,		-100		,		-100

		bfe,		313779		,temp,1,		-95		,		-95

		bfe,		313780		,temp,1,		-46		,		-46

		bfe,		313781		,temp,1,		-395		,		-395

		bfe,		313782		,temp,1,		-66		,		-66

		bfe,		313783		,temp,1,		-93		,		-93

		bfe,		313784		,temp,1,		-95		,		-95

		bfe,		313785		,temp,1,		-103		,		-103

		bfe,		313786		,temp,1,		-85		,		-85

		bfe,		313787		,temp,1,		-73		,		-73

		bfe,		313788		,temp,1,		-77		,		-77

		bfe,		313789		,temp,1,		-56		,		-56

		bfe,		313790		,temp,1,		-92		,		-92

		bfe,		313791		,temp,1,		-88		,		-88

		bfe,		313792		,temp,1,		-85		,		-85

		bfe,		313793		,temp,1,		-97		,		-97

		bfe,		313794		,temp,1,		-116		,		-116

		bfe,		313795		,temp,1,		-108		,		-108

		bfe,		313796		,temp,1,		-207		,		-207

		bfe,		313797		,temp,1,		-273		,		-273

		bfe,		313798		,temp,1,		-225		,		-225

		bfe,		313799		,temp,1,		-169		,		-169

		bfe,		313800		,temp,1,		-180		,		-180

		bfe,		313801		,temp,1,		-166		,		-166

		bfe,		313802		,temp,1,		-142		,		-142
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		Increased Shear Stiffness to 5e11 N/m^3

						global255

						dT(Bolts)=400, 1.375" bolts						dT(Bolts)=complex, 1.375" bolts

				Elem #		Tension (Pre), kip		Shear (Pre+EM), kip				Tension (Pre), kip		Shear (Pre+EM), kip		Shear with pucks (Pre+EM-Pre), kip						Data at Max Slip Element

		1		314177								75.9		3.1		2.8				Time into EM Loading		Slip		Sn		St		mu

		2		314190								71.0		1.3		1.4				1		3.94E-06		214061		85624.3		0.400

		3		314203								68.2		0.7		0.9				1.1		1.12E-05		956760		382704		0.400

		4		314216								75.1		0.6		0.7				1.2		2.63E-05		1.66E+06		663333		0.400

		5		314229								75.5		0.3		0.9				1.35		5.16E-05		2.72E+06		1.09E+06		0.400

		6		314242								74.9		0.1		1.0				1.575		9.11E-05		4.34E+06		1.74E+06		0.400

		7		314255								75.6		0.6		1.3				1.9125		1.51E-04		6.81E+06		2.73E+06		0.400

		8		314268								74.7		0.7		1.3				2		1.67E-04		7.46E+06		2.98E+06		0.400

		9		314281								75.2		0.6		1.0

		10		314294								77.6		0.3		0.7

		11		314307								80.1		1.5		0.8

		12		314320								75.0		1.4		0.9

		13		314333								74.6		1.1		0.6

		14		314346								74.0		1.1		0.7

		15		314359								77.4		0.8		0.5

		16		314372								70.2		0.9		0.7

		17		314387								70.2		0.8		0.7

		18		314400								77.4		0.8		0.5

		19		314413								74.0		0.8		0.6

		20		314426								74.6		0.5		0.6

		21		314439								75.0		0.6		0.9

		22		314452								80.1		0.8		0.8

		23		314465								77.6		1.6		0.7

		24		314478								75.2		1.7		1.0

		25		314491								74.7		2.0		1.3

		26		314504								75.6		2.1		1.3

		27		314517								74.9		2.0		1.1

		28		314530								75.5		1.8		0.9

		29		314543								75.1		1.8		0.8

		30		314556								68.2		2.0		0.9

		31		314569								71.0		2.7		1.4

		32		314582								75.9		4.7		2.8

										Wanted 75		74.7

										Std Dev.		2.8

																																																						inc

																																																				1.66E-04		1.84E-05

																																																		0

																																																		1.84E-05		0.0007

																																																		3.69E-05		0.0015

																																																		5.53E-05		0.0022

																																																		7.38E-05		0.0029

																																																		9.22E-05		0.0036

																																																		1.11E-04		0.0044

																																																		1.29E-04		0.0051

																																																		1.48E-04		0.0058

																																																		1.66E-04		0.0065
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N
Fie Hop

ANSYS 10.0A1
APR 23 2007
11:16:07
global252
LINE STRESS
STEP=1

SUB =4
TIME=1
FXIKIP FXJKIP
MIN =70.093
ELEM=314113
MAX =77.995
ELEM=313958
70.093
70.971
71.849
72.727
73.605
74.483
75.361
76.239
77.117
77.995







N
Fie Hop

ANSYS 10.0A1
APR 23 2007
11:21:36
global252
LINE STRESS
STEP=2

SUB =6
TIME=2
FYZIKIP FYZJKIP
MIN =.379463
ELEM=313971
MAX =5.143
ELEM=314079

.379463
- 908734

1.438
1.967
2.497
3.026
3.555
4.084
4.614
5.143
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Fie Hop

ANSYS 10.0A1

APR 24 2007
09:08:03

global252

ELEMENT SOLUTION
STEP=2

SUB =6

TIME=2

CONTSLID (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.424E-03

SMX =.118E-03

0
= A31E-04
[ .262E-04
.393E-04
.524E-04
.655E-04
= .786E-04
917E-04
.105E-03
- 118E-03
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Fie Hop

ANSYS 10.0A1
APR 24 2007
08:55:50
global254
LINE STRESS
STEP=2

SUB =6
TIME=2
FYZIKIP FYZJKIP
MIN =.208256
ELEM=312959
MAX =3.137
ELEM=312963
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Fie Hop

ANSYS 10.0A1
APR 24 2007
08:58:22
global254
LINE STRESS
STEP=1

SUB =4
TIME=1
FXIKIP FXJKIP
MIN =64.653
ELEM=312946
MAX =87.465
ELEM=312937
64.653
67.188
69.723
72.257
74.792
77.327
79.861
82.396
84.931
87.465
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Fie Hop

ANSYS 10.0A1

APR 24 2007
09:00:59

global254

ELEMENT SOLUTION
STEP=2

SUB =6

TIME=2

CONTSLID (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.762E-03

SMX =.266E-03

0
= .295E-04
[ .590E-04
.885E-04
118E-03
.148E-03
= A77E-03
.207E-03
.236E-03
- .266E-03
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Fie Hop

ANSYS 10.0A1

APR 30 2007
14:28:58

global254

ELEMENT SOLUTION
STEP=2

SUB =6

TIME=2

CONTSTAT (NOAVG)
DMX =.746E-03

SMN =2

SMX =

(] ng

[ ] Sticking
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Fie Hop

ANSYS 10.0A1

APR 27 2007

14:40:47

global256

ELEMENT SOLUTION

STEP=2

SUB =6

TIME=2

CONTSLID (NOAVG)

DMX =.001366

SMN =.985E-07

SMX =.402E-03
.985E-07
.448E-04

= .895E-04

/= 134E-03

m 179E-03
.224E-03
.268E-03
.313E-03

= .358E-03

.402E-03







N
Fie Hop

ANSYS 10.0A1
APR 27 2007
14:45:56
global256
LINE STRESS
STEP=2

SUB =6
TIME=2
FYZIKIP FYZJKIP
MIN =.060977
ELEM=313782
MAX =7.507
ELEM=313799

060977
- .888267

1.716
2.543
3.37

4.197
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14:19:50
global256
ELEMENT SOLUTION

CONTSTAT (NOAVG)
DMX =.001366







N
Fie Hop

ANSYS 10.0A1

MAY 12007
08:48:32

global255

ELEMENT SOLUTION
STEP=2

SUB =6

TIME=2

CONTSTAT (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.852E-03

SMX =3
FarOpen
NearContact
Sliding
Sticking
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Fie Hop

ANSYS 10.0A1
MAY 12007
08:49:43
global255
ELEMENT SOLUTION
STEP=2
SUB =6
TIME=2
CONTSLID (NOAVG)
DMX =.852E-03
SMX =.166E-03
0
.184E-04
.368E-04
.552E-04
.736E-04
.920E-04
.110E-03
.129E-03
147E-03
.166E-03







[A) ansys Multiphysics Utility Menu {global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

B8

ST - |

ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

uxl vl uzl

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B Nodal Solu
|
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics

FiRacat E

ANSYS 10.0A1

MAY 3 2007
10:48:31

ELEMENT SOLUTION
STEP=2

SUB =6

TIME=2

CONTSTAT (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.00138

SMX =3

Il FarOpen

[1 NearContact
[ Sliding

I Sticking

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104" [type=104  [rea=104

[csys=0 [ secn=1







[A) ansys Multiphysics Utility Menu {global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

B8

ST - |

ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

uxl vl uzl

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B Nodal Solu
|
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics

FiRacat E

ANSYS 10.0A1
MAY 3 2007
10:51:12
ELEMENT SOLUTION
STEP=2
SUB =6
TIME=2
CONTSLID (NOAVG)
RSYS=0
PowerGraphics
EFACET=1
DMX =.00138
SMX =.001066
0
118E-03
.237E-03
.355E-03
.474E-03
.592E-03
.T11E-03
.829E-03
.948E-03
.001066

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104" [type=104  [rea=104

[csys=0







[A) ansys Multiphysics Utility Menu {global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

uxl vl uzl

ANSYS Main Menu ®

E Preferences E ANSYS 10.0A1
reprocessor MAY 3 2007
olution 10:52:17

eneral Postproc LINE STRESS
imeHist Postpro
STEP=2

opological Opt
OM Tool SUB =6

esign O_pt TIME=2
rob Design FXIKIP FXJKIP
Ti MIN =60.474
B Session Editor ELEM=313799
BFinish MAX =97.604
ELEM=313771
60.474
64.599
68.725
72.85
76.976
81.102
85.227
89.353
93.478
97.604

| Pick @ menuitem or enter an ANSYS Command (POST1) [type=104  [real=104 [csys=0 [ secn=1






[A) ansys Multiphysics Utility Menu {global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|
uxl vl uzl

ANSYS Main Menu [6)
E Preferences E ANSYS 10.0A1
reprocessor MAY 3 2007
olution 10:52:53

eneral Postproc
imeHist Postpro LINE STRESS

opological Opt STEP=2

OM Tool SUB =6

esign O_pt TIME=2

rob Design FYZIKIP FYZJKIP

g MIN =.069261

B Session Editor ELEM=313782

BFinish MAX =16.827

ELEM=313799
.069261
1.931
3.793
5.655
7.517
9.379
11.241
13.103
14.965
16.827

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






[A) ansys Multiphysics Utility Menu {global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST =
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

uxl vl uzl

ANSYS Main Menu

B Preferences |
Preprocessor
Solution
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
& Session Editor
& Finish

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






TA) ansys Multiphysics Utility Menu {global256). CE®

File Select List Plot PloiCils WorkPlane Pagameters Macro MenuCiris Help
ST |
ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SNT| x| sv| sz| 51| 53] USUM| x| LY

ANSYS Main Menu ®
B Preferences =] ANSYS 10.0A1

Preprocessor MAY 3 2007

(SSOIUﬁOII"P " 11:15:42

& General Postproc

& Data & File Opts VECTOR
B Results Summary STEP=2
Read Reslts SUB =6
Failure Criteria TIME=2

& Plot Results
B Deformed Shape F_SHEAR

Contour Plot ELEM=312961
8 Vector Plot MIN=.136376
2 MAX=8.657
B User-defined
Plot Path Item -136376
Concrete Plot 1.083
ThinFilm 2.03
ListResults
Query Results 2.917
B Options for Outp 3.923
B Results Viewer 4.87
B Write PGR File 5.817
Nodal Calcs 6.764
7.7
8.657

Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro

M Tanalaaical Ont

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1
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Fie Hop

ANSYS 10.0A1
MAY 12007
14:09:42
global255
VECTOR
STEP=9999
F_SHEAR
ELEM=314177
MIN=.455625

Exv C-C Bolt Shear (kip) =] 714309
- 973172

1.232
1.491
1.749
2.008
2.267
2.526
2.785
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AN may 12007
13:56:52
global256
VECTOR
STEP=9999
F_SHEAR
ELEM=313799
MIN=.032226
MAX=8.613
B-C Bolt Shear (kip) 032226
985611
1.939
2.892
3.846
4.799
5.753
6.706
7.659
8.613
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Fie Hop

A-B Bolt Shear (kip)

ANSYS 10.0A1
MAY 12007
13:41:28
global254
VECTOR
STEP=9999
F_SHEAR
ELEM=312963
MIN=.023595

1.274
1.586
1.899
2.211
2.524
2.836
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Fie Hop

ANSYS 10.081
MAY 12007

- 13:08:16

\ global252

VECTOR
STEP=0999
F_SHEAR
ELEM=314164
MIN=.089037

.420038
LX m 751039

1.082
1.413
1.744
2.075
2.406
2.737
3.068
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File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SNT| x| sv| sz| 51| 53] USUM| x| LY

ANSYS Main Menu [5)
E Preferences E ANSYS 10.0A1

Preprocessor MAY 3 2007
Solution 11:21:50

General Postproc
TimeHist Postpro \sl$g;92R

Topological Opt
ROM Tool SUB =6
Design Opt TIME=2
Prob_ D_esign F SHEAR

RunTime Stas ELEM=314079

& Session Editor MIN=.366419

B Finish MAX=13.992

366419

1.88

3.394

4.908

6.422

7.936

9.45

10.964

12.478

13.992

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1






[A) ansys Multiphysics Utility Menu {global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SNT| x| sv| sz| 51| 53] USUM| x| LY

ANSYS Main Menu [5)
E Preferences E ANSYS 10.0A1

Preprocessor VECTOR

Solution STEP=2
General Postproc SUB =6

TimeHist Postpro
Topological Opt TIME=2
ROM Tool F_SHEAR\
EeSLQS Opt ELEM=313799
rob Design MIN=.069261
Radiation Opt
R:nl-?l'ilr(:’e| Stpats MAX=16.827
B Session Editor . .069261
B Finish 93
3.793
5.655
7.517
9.379

1.241

14.965

|
]
B 13103
=
B 557

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1






TA) ansys Multiphysics Utility Menu {global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

IS TR

ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SNT| x| sv| sz| 51| 53] USUM| x| LY

ANSYS Main Menu [5)
E Preferences E ANSYS 10.0A1

Preprocessor MAY 3 2007

Solution 11:27:30
VECTOR

Topelogical opt. STEP=2
ROM Tool SUB =6
Design Opt TIME=2
Prob Design F_SHEAR
Run-Time Stats ELEM=314582
 Session Editor MIN=.169637
SFinish MAX=7.335
169637
Bl 565536
1.762
2.558
3.354
4151
4.047
5.743
6.539
7.335

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1






[A\ aNsYS Multiphysics Utility Menu (global256)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST |
ANSYS Toolbar ®|
saVE| aurT| REsum| PowreRPH| REPLOTI NOERASE| cLINE1| eLNgo| TEMP| BSUM| BX| BY| BZ| SINT| sX| sv] sz| s1| s3] usum| ux| uy| Lz

/REPLOT
ANSYS Main Menu ®
B Preferences Al |7 AN

Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
8 Load Case
B Create Load Case
B Read Load Case
B Write Load Case

B Add
[elsubtract
B Square
B Square Root
B SRSS
B Min & Max —
B Line Elem Stress
B List Load Cases
B Zero Load Case
B Erase Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor

&)
3]
@]
2]
@]

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







FA ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

B Results Summary
Read Results
Failure Criteria
& Plot Results

B Deformed Shape
& Contour Plot

B

& Element Solu

B Elem Table

B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
ist Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results Ll
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset

MN

N\
/

Manual Rezoning

CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.435E-03
SMX =3

FarOpen

plelslolellalalelala|zle I

ST |
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® 2
B Preferences I=f ANSYS 10.0A1 o5l
Preprocessor MAY 7 2007
Solution 09:12:49 8
© General Postproc NODAL SOLUTION
B Data & File Opts STEP=9999

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |







FA ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST =
ANSYS Toolbar 3|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® B
B Preferences I=f ANSYS 10.0A1 olF
Preprocessor MAY 7 2007 I
Solution 09:13:29 8] %
B General Postproc
B Data & File Opts NODAL SOLUTION 1=
B Results Summary STEP=9999 |
Read Results CONTSLID (AVG) a
Failure Critera RSYS=0 =
ot Results ; =1
B Deformed Shape PowerGraphics ]
B Contour Plot EFACET=1 =
EINodal Solu| AVRES=Mat o]
owcatEn w
BLine Elem Res SMX 3'4075'03 jey|
Vector Plot MX 2
Plot Path Item B 45E04 —
Concrete Plot B 903E-04 2l
ThinFilm a
ist Results o 136E-03
Query Results .181E-03 8]
8 Options for Outp \226E-03
B Results Viewer 0 571E-03
B Write PGR File :
Nodal Calcs o= J1ee-03
Element Table .361E-03
Path Operations B 40703
Surface Operations
Load Case
Check Elem Shape
B Write Resuits 1l
ROM Operations
Submodeling
Fatigue
Safety Factor
DefineiModiify
B Nonlinear Diagnostics
BReset
ManualRezoning |
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







FA ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

o|=|d| 8| 8| & 2| &l
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® B
B Preferences 1= ANSYS 10.0A1 olF
Preprocessor MAY 7 2007 I
Soltion I | 09:16:24 8] %
B General Postproc
& Data & File Opts I LINE STRESS =
B Results Summary STEP=2 |
Read Results SUB =6 E
Failure Criteria TIME=2 =
& Plot Results -1
B Deformed Shape FXIKIP_FXJKIP ]
B Contour Plot MIN =67.89 ==
ElNodal Solul ELEM=314062 2]
g E:Z:e'l'na‘bslzlu MAX =78.576 @ |
BlLine Elem Res | ELEM53;‘;010 Ql
Vector Plot - ]
Plot Path ltem | B 6077 —
Concrete Plot B 70,265 2l
ThinFilm 1452 a
ist Results =
Query Results 72.639 -
& Options for Outp 73.827
H Results Viewer 2 75014
B Write PGR File '
Nodal Calcs =] 76.202
Element Table 77.389
Path Operations B 73576
Surface Operations
Load Case
Check Elem Shape I
B Write Results 1l
ROM Operations
Submodeling
Fatigue
Safety Factor
DefinelModiify
B Nonlinear Diagnostics
B Reset
Manual Rezoning
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1







[A\ aNsYS Multiphy:

Utility Menu (global256)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

o|=|d| 8| 8| & 2| &l
ANSYS Toolbar [l
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
_ANSYSMainMenu B )
B Preferences Al |t ANSYS 10.0A1 olF
Preprocessor - MAY 7 2007 I
Solution . - 09:17:09 E
B General Postproc -
& Data & File Opts = - LINE STRESS 2]
B Results Summary 1 STEP=2 |
Read Results . SUB =6 E
Failure Criteria TIME=2 =
& Plot Results
B Deformed Shape FYZIKIP FYZJKIP ]
B Contour Plot MIN =.363752 ==
= ELEM=313971 2]
B ElemTabl MAX =23.445 [
Bl Line Elem Res ELEM;;;‘;g? Ql
Vector Plot . 2
Plot Path ltem z ‘ 592 —
Concrete Plot | 5404 2l
ThinFilm L’ﬁ 5,059 a
ist Results = &
Query Results 10.624 8]
8 Options for Outp 13.189
H Results Viewer 0 15754
B Write PGR File :
Nodal Calcs o Jes
Element Table - 20.883
Path Operations - B )34
Surface Operations -
Load Case .
Check Elem Shape
B Write Resuits 1l .
ROM Operations R
Submodeling -
Fatigue
Safety Factor
DefineiModiify
B Nonlinear Diagnostics
BReset
ManualRezoning |
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







[A\ aNsYS Multiphy:

Utility Menu (global256)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar

[l

save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu [5)

B Preferences Al |7
Preprocessor
Solution N
& General Postproc ~

& Data & File Opts

B Results Summary

Read Reslts

Failure Criteria

& Plot Results

B Deformed Shape

= Contour Plot

2]

B Element Solu

B Elem Table

B Line Elem Res
Vector Plot /

Plot Path Item
Concrete Plot
ThinFilm

ist Results

Query Results

& Options for Outp

B Results Viewer

B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case

Check Elem Shape '
B Write Results
ROM Operations
Submodeling .
Fatigue

Safety Factor
Define/Modify

& Nonlinear Diagnostics
B Reset

Manual Rezoning

ANSYS 10.0A1
MAY 7 2007
09:19:13
VECTOR
STEP=2
SUB =6
TIME=2
F_SHEAR
ELEM=314079
MIN=.363752
MAX=23.448
363752
2.929
5.494
8.059
10.624
13.189
15.754
18.318
20.883
23.448

2 4o

plelslolellalalelala|zle I

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104

[type=104

[real=104

[csys=1

[ secn=1







FA ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

8 General Postproc
& Data & File Opts
B Results Summary

NODAL SOLUTION
STEP=2

ST |
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® 2
B Preferences I=f ANSYS 10.0A1 o5l
Preprocessor MAY 7 2007

Solution 09:21:11 8

15
@]
=]
=l
5]
Read Results SUB =6 a5
Failure Criteria TIME=2 =
& Plot Results |
B Deformed Shape Usum  (AVG) )
B Contour Plot RSYS=0 ==
E[Nodal Solu PowerGraphics M=l
B Element Solu EFACET=1 @
£l Elem Table _ =
BlLine Elem Res AVRES=Mat Ql
Vector Plot DMX =.002544 2
Plot Path Item SMI 160E-04 =
Concrete Plot SMX =.002544 2l
ThinFilm a
ist Results -160E-04
Query Results .297E-03 -
& Options for Outp _578E-03
H Results Viewer 3
B Write PGR File -859E-03
Nodal Calcs -00114
Element Table .00142
Path Operations 001701
Surface Operations 001982
Load Case -
Check Elem Shape .002263
Bl Write Results L 002544
ROM Operations
Submodeling
Fatigue
Safety Factor
DefineiModify
B Nonlinear Diagnostics
B Reset
Manual Rezoning -
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1 |
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ST =
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu ®
B Preferences Al |1 AN

Preprocessor
Solution

General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
& Session Editor

& Finish

ezl

| Pick @ menuitem or enter an ANSYS Command (BEGIN) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |
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File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

& Plot Results
B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
ist Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results Ll
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset

Manual Rezoning

MN

CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.001378
SMX =3

FarOpen

plelslolellalalelala|zle I

ST |
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® 2
B Preferences Al |t ANSYS 10.0A1 o5l
Preprocessor MAY 7 2007

Solution 09:36:51 B
2 General Postproc

B Data & File Opts NODAL SOLUTION

B Results Summary STEP=2

Read Results SUB =6

Failure Criteria TIME=2

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |







FAY ANSYS Multiphysics Utility Menu (kfibbolts032607)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

B Results Summary
Read Results
Failure Criteria
& Plot Results

B Deformed Shape

CONTSLID (AVG)
RSYS=0
PowerGraphics

plelslolellalalelala|zle I

ST |
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
ANSYS Main Menu ® 2
B Preferences I=f ANSYS 10.0A1 o5l
Preprocessor NODAL SOLUTION
Solution STEP=2 8
& General Postproc SUB =6
B Data & File Opts TME=2

B Contour Plot EFACET=1
=] AVRES=Mat
& Element Solu DMX =.001378
B Elem Table
B Line Elem Res 001126
Vector Plot 0
Plot Path Item .125E-03
Concrete Plot "250E-03
ThinFilm 375E-03
ist Results . -
Query Results .501E-03 8]
& Options for Outp .626E-03
B Results Viewer
B Write PGR File T51E-03
Nodal Calcs -876E-03
Element Table .001001
Path Operations 001126
Surface Operations
Load Case
Check Elem Shape
B Write Results L
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset
Manual Rezoning -
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







FA ANSYS Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST |
ANSYS Toolbar ®|
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu [5)

B Preferences Al |7

ANSYS 10.0A1

11 2]
Preprocessor \ \\ LINE STRESS ®|[]
(S;olutiollwp . \ \ STEP=2 8| =
B General Postproc -

B Data & File Opts sus :6 2]
B Results Summary TIME=2 |
Read Results FXIKIP FXJKIP a

Fallure Critria MIN =62.778 =

ot Results = |

List Results ELEM=313799 )
Query Results MAX =96.877 —!
B Options for Outp ELEM=313771 2]
H Results Viewer
B Write PGR File [ ] gg;g e

Nodal Calcs = oo Ql

Element Table 70.355 2

Path Operations 74144 —
Surface Operations E 77,033 2l
B Load Case 31722 a

B Create Load Case \ 0 o

B Read Load Case 85.511 ©

B Write Load Case 89.299

Calc Options = 93088

o B o577

[elsubtract -

B Square

B Square Root

B SRSS \

B Min & Max =

B Line Elem Stress

Bl List Load Cases

Bl Zero Load Case \

Bl Erase Load Case \\

Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue

Safety Factor

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







[A\ aNsYS Multiphy:

Utility Menu (global255)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST =
ANSYS Toolbar [l
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz
_ANSYSMainMenu B )
B Preferences I=f ANSYS 10.0A1 o5l
Preprocessor LINE STRESS 2]
Solution STEP=2 | s
B General Postproc =
B Data & File Opts - sus :6 2]
B Results Summary ~ TIME=2 |
Read Results — FYZIKIP FYZJKIP a
Failure Criteria -~ MIN =.072032 =
rfie e
Query Results MAX =29.596 —!
8 Options for Outp ELEM=313799 2]
B Results Viewer
B Write PGR File - [ ] 30;232 e
Nodal Calcs z = o Ql
Element Table v 6.633 2
Path Operations \x, 9.913 —
Surface Operations E 13194 2l
B Load Case 16474 a
B Create Load Case -~ o e
B Read Load Case B 19.755 @
B Write Load Case 23.035
Calc Options - =
26.316
e - B 59506
Elsubtract "
B Square -
8 Square Root
B SRsS .
B Min & Max =
BlLine Elem Stress
BlList Load Cases
B Zero Load Case .
B Erase Load Case . _
Check Elem Shape - -
B Write Resuits
ROM Operations
Submodeling
Fatigue
Safety Factor =
| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |







FA ANSYS Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

El

ANSYS Toolbar

3|

save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu [5)

B Preferences
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
8 Load Case
B Create Load Case
B Read Load Case
B Write Load Case
Calc Options
B Add
[elsubtract
B Square
B Square Root
B SRSS
B Min & Max
B Line Elem Stress
B List Load Cases
B Zero Load Case
B Erase Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor

[

ANSYS 10.0A1
VECTOR
STEP=2

SUB =6
TIME=2
F_SHEAR
ELEM=313799
MIN=.072032
MAX=29.596
072032
3.352
6.633
9.913
13.194
16.474
19.755
23.035
26.316
29.596

2 4o

plelslolellalalelala|zle I

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104

[type=104

[real=104

[csys=1

[ secn=1







TA) ansys Multiphysics Utility Menu {global 256).

Eile Select List Plot PlotCils WorkPlane Parameters Macro MenuCtis Help
ST =
ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM

ANSYS Main Menu [5)
ANSYS 10.0A1

E Preferences |
Preprocessor NODAL SOLUTION

(S;olutiollwp . STEP=2

& General Postproc o

& Data & File Opts SUB =6
B Results Summary TIME=2
Read Results CONTSTAT (AVG)
Failure Criteria RSYS=0

 Plot Results PowerGraphics

B Deformed Shape
8 Contour Plot EFACET=1

B AVRES=Mat
& Element Solu DMX =.770E-03
B Elem Table -
Bl Line Elem Res SMX =3
Vector Plot FarOpen
Plot Path ltem
Concrete Plot
ThinFilm
ListResults
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






[\ Ansys Multiphysics Utility Menu (global256)
File Select List Plot PlotCtrls WorkPlane P

arameters Macro MenuCtrls  Help

ST - |

ANSYS Toolbar

ANSYS Command Prompt|

save| aurr| Resum| PowWRGRPH| REPLOT

NOERASE| GLINE] GLiNEo| TEmP| Bsum| Bx| BY| Bz sin| sx| sv| sz| 51| s3] usum

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
lot Path Item
Concrete Plot
hinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape

B Write Results
ROM Operations
Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1







TA) ansys Multiphysics Utility Menu {global 256).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

IS TR

ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM

ANSYS Main Menu [5)
ANSYS 10.0A1

E Preferences |
Preprocessor NODAL SOLUTION

Solution STEP=2

& General Postproc o
& Data & File Opts SUB =6
B Results Summary TIME=2
Read Results CONTSLID (AVG)
Failure Criteria RSYS=0

B Plot Results i
& Deformed Shape PowerGr_aphlcs
8 Contour Plot EFACET=1

= AVRES=Mat
B Element Solu DMX =.770E-03

B Elem Table -
B Line Elem Res SMX B.(504E-03

Vector Plot

Plot Path Item .671E-04

Concrete Plot 134E-03
.201E-03

ThinFilm
.269E-03

List Results
Query Results
.336E-03
.403E-03

& Options for Outp

B Results Viewer

B Write PGR File

Nodal Calcs -AT0E-03

Element Table -537E-03
Path Operations .604E-03

Surface Operations

Load Case

Check Elem Shape

B Write Results

ROM Operations

Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






TA) ansys Multiphysics Utility Menu {global 256). CE®

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM

ANSYS Main Menu ®
B Preferences =] ANSYS 10.0A1

Preprocessor NODAL SOLUTION

Solution STEP=2
8 General Postproc -

E Data & File Opts SUB =6
B Results Summary TIMI
Read Results USUM  (AVG)
ElaiLu';e Cr::eria RSYS=0
& Plot Results .
B Deformed Shape PowerGraphics
8 Contour Plot EFACET=1
& AVRES=Mat

E Element Solu DMX =.003578
E Elem Table

i SMN =.426E-04
BlLine Elem R
Vec::: PI:tm es SMX =.003578
Plot Path Item .426E-04
Concrete Plot “A35E-03
ThinFilm
st Results .828E-03

Query Results 001221
B Options for Outp | .001614
B Results Viewer
B Write PGR File -002007
Nodal Calcs -002399
Element Table 002792
Path Operations .003185
Surface Operations
Load Case -003578
Check Elem Shape
B Write Results
ROM Operations

Submodelina 15|
5 Bl

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






TA) ansys Multiphysics Utility Menu {global 256).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST =
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM
ANSYSManMeny ___®)
B Preferences T ANSYS 10.0A1
Preprocessor \\ \\\ LINE STRESS
Solution \\ STEP=2
2 General Postproc o
£ Data & File Opts \ SUB =6
B Results Summary TIME=2
Read Results FXIKIP FXJKIP
Failure Criteria MIN =63.122

& Plot Results ELEM=312946

B Deformed Shape
8 Contour Plot MAX =87.964

63.122
B g5 553
68.643
71.403
74.163
76.923
79.684
82.444
85.204
87.964

B 5 \ ELEM=312942

& Element Solu
B Elem Table L(‘f(
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations \ \\
Surface Operations \
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






TA) ansys Multiphysics Utility Menu {global 256).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

IS TR

ANSYS Toolbar

save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM

ANSYS Main Menu [5)
ANSYS 10.0A1

E Preferences |
Preprocessor LINE STRESS

Solution STEP=2

& General Postproc o
& Data & File Opts SUB =6
B Results Summary TIME=2
Read Results FYZIKIP FYZJKIP
Failure Criteria MIN =.079442
& Plot Results ELEM=312959

B Deformed Shape
8 Contour Plot MAX =24.392

= ELEM=312961
E Element Solu 079442
B Elem Table [ | 2.781
B Line Elem Res .
Vector Plot 5.482
Plot Path Item 8.184
Concrete Plot 10.885
ThinFilm 13.587
List Results g
Query Results 16.288
& Options for Outp 18.99
B Results Viewer
B Write PGR File 21.691
Nodal Cales 24.392
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1






TA) ansys Multiphysics Utility Menu {global 256).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| B2 SiNT| SX| sv| 52| 51| 53] USLM

ANSYS Main Menu [5)
ANSYS 10.0A1

E Preferences |
Preprocessor VECTOR

Solution - STEP=2
& General Postproc . o
& Data & File Opts SUB =6
B Results Summary TIME=2
Read Results - F_SHEAR
Failure Criteria g ELEM=312961
& Plot Results
B Deformed Shape
= Contour Plot
2]
B Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Resuts
ROM Operations
Submodelina

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=1 [ secn=1






JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

=]

ANSYS Toolbar

]

ANSYS Main Menu [5)

B Preferences
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro

=]

MN

AN

MAY 16 2007
11:08:02

NODAL SOLUTION
STEP=2

SUB =6

TIME=2
CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.526E-03
SMX =3

Il FarOpen
NearContact
[ Sliding

I Sticking

2 4o

plelslolellalalelala|zle I

@

ezl

|| Picka e item or enter an ANSYS Comrmand (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |






JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

=]

_ANSYS Toolbar ]
ANSYS Main Menu ® 152
B Preferences Al |7 AN | MAY 16 2007 olFd
Preprocessor 11:08:38 =l
golutiorp " NODAL SOLUTION 8|
B General Postproc -

& Data & File Opts STEP=2 il
B Results Summary SUB =6 o]
Read Results TIME=2 =
Failure Criteria CONTSLID (AVG) —
@ Plot Results RSYS=0 B
B Deformed Shape . ]
2 Contour Plot PowerGraphics —
5] EFACET=1 M=l
B Element Solu AVRES=Mat @
£l Elem Table - =
Bl Line Elem Res 2"\‘:% 'gggs'gg Ql
Vector Plot w - 389E- 2
Plot Path Item X X 0 —
Concrets Plot B 655604 e
ThinFilm (] .131E 03 a
List Results [ 3
Query Results 196E-03 ©
& Options for Outp B 62603
B Results Viewer B 35703 =
B Write PGR File —_ '3935 03
Nodal Calcs _O 3 L2
Element Table -458E-03
Path Operations B 5p4e-03 Rat
Surface Operations B 55003 3|
Load Case ) @
Check Elem Shape —!
Bl Write Results L)
ROM Operations |
Submodeling =
Fatigue |l
Safety Factor
DefineiModify
B Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro
Topological Opt -
|| Pick a menu item or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |






JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

El

ANSYS Toolbar

]

ANSYS Main Menu [5)

B Preferences
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro

=]

NODAL SOLUTION
STEP=2

SUB =6

TIME=2

USUM  (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

.483E-04
.327E-03
.607E-03
.886E-03
001165
001444
001723
002002
002281
00256

2 4o

plelslolellalalelala|zle I

@

ezl

|| Picka e item or enter an ANSYS Comrmand (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |






JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

El

ANSYS Toolbar

]

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
8 Load Case
B Create Load Case
B Read Load Case
B Write Load Case
Calc Options
B Add
[elsubtract
B Square
B Square Root
B SRSS
B Min & Max
B Line Elem Stress
B List Load Cases
B ZeroLoad Case  —
B Erase Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify

B Nonlinear Diagnostics

AN

LINE STRESS
STEP=9999
FYZIKIP FYZJKIP

052616
Bl 530037
1.609
2.388
3.166
3.944
4723
5.501
6.279
7.058

2 4o

plelslolellalalelala|zle I

@

ezl

|| Picka e item or enter an ANSYS Comrmand (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |






JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

=]

ANSYS Toolbar

]

ANSYS Main Menu [5)

B Preferences Al |7
Preprocessor
Solution
B General Postproc
B Data & File Opts
B Results Summary
Read Resuits
Failure Criteria
Plot Results
List Resuits
Query Resuts
B Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations X
Surface Operations
B Load Case
B Create Load Case
BRead Load Case
B Write Load Case
Calc Options
BAdd
[elsubtract
B Square
B Square Root

E SRSS
E Min & Max
E Line Elem Stress

B List Load Cases !
BZeroLoad Case  —

Check Elem Shape

E Erase Load Case —

AN

B Write Results
ROM Operations
Submodeling

Fatigue

Safety Factor
Define/Modify

B Nonlinear Diagnostics

VECTOR
STEP=0999
F_SHEAR
ELEM=313815
MIN=.052616
MAX=7.058
052616
Bl 530037
1.609
2.388
3.166
3.944
4723
5.501
6.279
7.058

2 4o

plelslolellalalelala|zle I

@

ezl

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104

[type=104

[real=104

[csys=1

[ secn=1






v - Remote Desktop =B

_I_I_I_I_I_I_IHEI =] ]
ANSYS Toolbar 3|
save| aurr| Resum| PowrcrPH| REPLOT| NoERASE| cLINE1 | cLinEo| TEMP| Bsum| BX| BY| BZ| SINT| SX| Y| 52| 51| 33| UsUM| WX| LY Lz 2
ANSYS Main Menu 3| B
B Preferences Al [ ANSYS 10.0A1 ,?
reprocessor MAY 17 2007

olution 10:02:25 8]
@ General Postproc
& Data & File Opts ELEMENT SOLUTION El
B Results Summary STEP=2 |
Read Results suB ]
3] frosavenst
B Deformed Shape CONTSTAT (NOAVG) ol [cation of the ,r
8 Contour Plot RSYS=0 E ress
& Em"‘“a' Solu PowerGraphics o]
g Elem Table EFACET=1 @ | |ote the relative
Bl Line Elem Res DMX =.001565 Q| [eflanges £
Vector Plot SMX =
Plot Path Item B FarOpen ol
Concrete Plot =
ThinFilm [ NearContact a
List Results N
Query Results ZWX &
B Options for Qutp o
B Results Viewer —
0

B Write PGR File
Nodal Calcs
Element Table =
Path Operations &
Surface Operations 2
Load Case =
Check Elem Shape )
i
@]
2]

B Write Results N
ROM Operations
Submodeling
Fatigue

Safety Factor o5
Define/Modify

& Nonlinear Diagnostics i)

B Reset

Manual Rezoning

imeHist Postpro

opological Opt L

OM Tool

esign Opt

rob Design
adiation Opt

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104 [type=104

A5 Flange No Fricton on g

[real=104

B-C Flange Ho Friction on g

[csys=0 | secn=1

A Flange O Friction Pucks

1.

oA Flange No fiction on g &b Flange NO Friction PUCks

CHaEOF e m >l

W et Al







JAY ANSYS Multiphysics Utility Menu (global256).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

El

ANSYS Toolbar

]

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
8 Load Case
B Create Load Case
B Read Load Case
B Write Load Case
Calc Options
B Add
[elsubtract
B Square
B Square Root
B SRSS
B Min & Max
B Line Elem Stress
B List Load Cases
B ZeroLoad Case  —
B Erase Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify

AN

B Nonlinear Diagnostics

LINE STRESS
STEP=2

SUB =6
TIME=2

FXIKIP FXJKIP

e
®]fx
8|
E1
=1
=1
X
1
E1
Y
al
EY
=Y
(€Y
«

@

ezl

|| Picka e item or enter an ANSYS Comrmand (POST1)

[mat=104

[type=104

[real=104

[csys=1

[ secn=1






9 fed67130.0rnl.

Remote Desktop

EECIEEER=] =]
ANSYS Toolbar ®
save| aurr| Resum| PowrcrPH| REPLOT| NoERASE| cLINE1 | cLinEo| TEMP| Bsum| BX| BY| BZ| SINT| SX| Y| 52| 51| 33| UsUM| WX| LY Lz 2

ANSYS Main Menu ®| H
 Preferences Al [ ANSYS 10.0A1 ,:
Preprocessor MAY 17 2007
Senerapostproc 10:47:43 =
B Data & File Opts NODAL SOLUTION 9|
B Results Summary STEP=2 =l
ead Results SUB =6 ]
2 s crers TivE=2 =
B Deformed Shape CONTSLID (AVG) ol
8 Contour Plot RSYS=0 =
gl PowerGraphics B
ement Solu =
£ Elem Table EFACET=1 =N
BLine Elem Res AVRES=Mat Ql
Vector Plot DMX =.001565 2
lot Path Item SMX =.001226 ol
Concrete Plot 0 Al
hinFilm a
ist Results y .136E-03 =
uery Results (24X .272E-03 g
& Options for Outp ? o
ot o usE03 -
B Write PGR File -345E- g
Nodal Calcs .681E-03 .
lement Table _817E-03
ath Operations 953E-03 &
urface Operations . 2
oad Case .001089 ?
heck Elem Shape 001226 ]
B Write Results N D
OM Operations o
ubmodeling =
atigue 2]
afety Factor -
DefineiModify %]
B Nonlinear Diagnostics %
B Reset —
anual Rezoning
TimeHist Postpro
Topological Opt Ll
ROM Tool
Design Opt
Prob Design
Radiation Opt =

44 > WI\B-C (No Friction on ANY bolts)

[Picka menuitem or ertter an ANSYS Command (POST1)

A Flange Mo Fricton or bolts

oA Flange No fiction on g

[mat=104  [type=104

A5 Flange No Fricton on g

[real=104

B-C Flange Ho Friction on g

[csys=0 | secn=1

A Flange O Friction Pucks

b Flange NO Fricton Pucks /. B-C Fange NOF 1< i







File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtis Help

| EECEEE]

ANSYS Toolbar a8
nsys 10081

save| aurr| Resum| PowrcrPH| REPLOT| NoERASE| cLINE1 | cLinEo| TEMP| Bsum| BX| BY| BZ| SINT| SX| Y| 52| 51| 33| UsUM| WX| LY Lz 2 e

ANSYS Main Menu ) suB =6

Tieez

E Preferences | ANSYS 10.0A1 CONTSTAT (i0AVG:

Preprocessor MAY 17 2007 e
Solution 10:23:55 S s
= Fopen

B General Postproc NearContact
El Data & File Opts LINE STRESS o e

B Results Summary STE
ead Results suB
ailure Criteria TIME=2

B Plot Results
B Deformed Shape FYZIKIP FYZJKIP

8 Contour Plot MIN =.973625
8 ELE|
& Element Solu
B Elem Table MAX
Bl Line Elem Res ELE|
Vector Plot 973625
lot Path ltem
Concrete Plot
hinFilm
ist Results
uery Results
& Options for Outp
B Results Viewer
B Write PGR File
odal Calcs
lement Table
ath Operations
urface Operations
oad Case
heck Elem Shape
B Write Results
ROM Operations
ubmodeling
atigue
afety Factor
efineiModify
& Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro
Topological Opt
ROM Tool L
Design Opt
Prob Design
Radiation Opt

3.507

6.041

8.575

11.109
13.643
16.177
18.711
21.244
23.778







File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtis Help

| EECEEE]

ANSYS Toolbar 2
.

save| aurr| Resum| PowrcrPH| REPLOT| NoERASE| cLINE1 | cLinEo| TEMP| Bsum| BX| BY| BZ| SINT| SX| Y| 52| 51| 33| UsUM| WX| LY Lz = [

£

o

ANSYS Main Menu )
E Preferences | ANSYS 10.0A1

Preprocessor MAY 17 2007
Solution 10:26:05
& General Postproc
B Data & File Opts VECTOR
B Results Summary
cad Reslts
ailure Criteria
& Plot Resilts
B Deformed Shape F_SHEAR
& Contour Plot ELEM=313671
ElNodal Solu

Ml
E Element Solu =
E Elem Table MAX=23.778

B Line Elem Res 973625
Vector Plot 3.507
lot Path Item 6.041
Concrete Plot 8.575

hinFilm
11.109

ist Results
uery Results 13.643
16.177

& Options for Outp

B Results Viewer

B Write PGR File 18.711
21.244

23.778

odal Calcs
lement Table
ath Operations
urface Operations
oad Case
heck Elem Shape
B Write Results
ROM Operations
ubmodeling
atigue
afety Factor
efine/Modify
& Nonlinear Diagnostics
B Reset
Manual Rezoning
TimeHist Postpro
Topological Opt
ROM Tool L
Design Opt
Prob Design
Radiation Opt







FA ANSYS Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar
save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu [5)

B

17 2
B Preferences Al |7 ANSYS 11.0 e
Preprocessor NoDAL soLuTion | @l
golutiorp . STEP=2 (= ]
B General Postproc SUB =6 )
£ Data & File Opts =
B Results Summary TIME=2 |
Read Results CONTSLID (AVG) a
Failure Criteria RSYS=0 =
B Plot Resuits .
PowerGraphics =
B Deformed Shape
& Contour Plot EFACET=1 21
= AVRES=Mat 2]
B Element Solu DMX =.001376 @
£l Elem Table X 00122 =
Bl Line Elem Res z ° Ql
Vector Plot 2
Plot Path Item L“ .136E-03 i
Toneim 271803 &
ist Results A07E-03 2
Query Results .542E-03 -
g gptiolns\f/or Outp .678E-03
esults Viewer "814E-03
B Write PGR File
Nodal Cales N -949E-03
Element Table .001085
Path Operations .00122

Surface Operations
Load Case

Check Elem Shape |
B Write Results

ROM Operations
Submodeling

Fatigue

Safety Factor
Define/Modify

& Nonlinear Diagnostics

BReeet

: i

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [tpe=104  [real=104  [csys=0 [ secn=1 |






FA ANSYS Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

SEEETETE

=]

B

ANSYS Toolbar

save| aurr| Resum| PowrerPH| REPLOT| NoERASE| GLINE1 | cLinEo| TEMP| Bsum| Bx| BY| BZ| SINT| SX| SY| 52| 51| 53] UsUM| WxX| LY Lz

ANSYS Main Menu [5)

B Preferences |
Preprocessor
Solution
8 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
ist Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape |
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
& Nonlinear Diagnostics

BReset

: i

ANSYS 11.0
NODAL SOLUTION
STEP=2

SUB =6

TIME=2
CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.001376
SMX =3

FarOpen

2 4o

plelslolellalalelala|zle I

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=104

[type=104

[real=104

[csys=0

[ secn=1 |







FA\ ansys Multiphysics Utility Menu (global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

wxl uyl uzl

ANSYS Main Menu ®
B Preferences 15 AN | NODAL SOLUTION

Preprocessor STEP=2
Solution SUB =6
8 General Postproc TIME=2

E Data & File Opts
Bl Results Summary CONTSTAT (AVG)

Read Results RSYS=0
Failure Criteria PowerGraphics
& Plot Results EFACET=1

B Deformed Shape
8 Contour Plot AVRES=Mat

ElNodal Solu} DMX =.760E-03
B Element Solu SMX

B Elem Table
Bl Line Elem Res Il FarOpen

@ Vector Plot [1 NearContact
Plot Path Item = Sliding

Concrete Plot i
ThinFilm I Sticking

List Results

Query Results

& Options for Outp

B Results Viewer

B Write PGR File

Nodal Cales

Element Table

Path Operations
Surface Operations

Load Case

Check Elem Shape

B Write Results

ROM Operations
Submodeling

Fatigue

Safety Factor

Define/Modify

& Nonlinear Diagnostics

B Reset g

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [csys=0 [ secn=1






FA\ ansys Multiphysics Utility Menu (global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

wxl uyl uzl

ANSYS Main Menu ®
B Preferences 15 AN | NODAL SOLUTION

Preprocessor STEP=2

Solution SUB =6
8 General Postproc TIME=2

E Data & File Opts
Bl Results Summary CONTSLID (AVG)

Read Results RSYS=0
Failure Criteria PowerGraphics
& Plot Results EFACET=1

B Deformed Shape
8 Contour Plot AVRES=Mat

2INodal Solul DMX =.760E-03

& Element Solu ¥
B Elem Table SMX : 333E-03

B Line Elem Res B 370e04

Vector Plot
Plot Path Item .T40E-04
A11E-03

Concrete Plot
.148E-03

]

ThinFilm =
Query Results O 185E03

=

[

List Results
E Options for Outp .222E-03
E Results Viewer

- : .259E-03
E Write PGR File .296E-03

Nodal Cales

Element Table .333E-03

Path Operations
Surface Operations

Load Case

Check Elem Shape

B Write Results

ROM Operations
Submodeling

Fatigue

Safety Factor

Define/Modify

& Nonlinear Diagnostics

B Reset g

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [csys=0 [ secn=1






FA\ ansys Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

ST - |

ANSYS Toolbar

save| aurr| Resum| PowrcRPH| REPLOT| NOERASE| GLINE1 | LinEo| TEMP| BSUM| BX| BY| BZ| SINT| 5%

v sz| s1 s3] usum|

wxl uyl uzl

ANSYS Main Menu [5)

B Preferences [}
Preprocessor

8 General Postproc
& Data & File Opts Y
B Results Summary
Read Results
Failure Criteria
& Plot Results

B Deformed Shape
& Contour Plot
B
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling

\

Solution ‘\ i 1Y ‘\

.,

\\\\\

wh !

AN

Fatigue
Safety Factor
Define/Modify

& Nonlinear Diagnostics
B Reset g

LINE STRESS
STEP=2
SUB =6
TIME=2
FYZIKIP FYZJKIP
MIN =.178375
ELEM=312885
MAX =1.356
ELEM=312876
A78375
B 509269
B 110163
571057
B 701951
832845
B3 963739
1.005
B 122
B35

[Picka menuitem or ertter an ANSYS Command (POST1)

[mat=1 [type=1

[real=1 [csys=0 [ secn=1







FA\ ansys Multiphysics Utility Menu (global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST =
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

wxl uyl uzl

ANSYS Main Menu ®
B Preferences 15 AN | NODAL SOLUTION

Preprocessor STEP=2
Solution SUB =6
8 General Postproc TIME=2

E Data & File Opts
Bl Results Summary USUM (AVG)

Read Results RSYS=0
Failure Criteria PowerGraphics

& Plot Results =
B Deformed Shape EFACET=1

& Contour Plot AVRES=Mat
2INodal Solul DMX =.004723
B Element Solu SMN =.108E-04

B Elem Table
B Line Elem Res SMX =.004723

Vector Plot .108E-04
Plot Path Item B 53403
Concrete Plot 1001058
ThinFilm
List Resuilts -001582
Query Results .002105
B Options for Outp 002629
B Results Viewer
B Write PGR File -003152
Nodal Calcs -003676
Element Table .004199
Path Operations 1004723
Surface Operations
Load Case
Check Elem Shape
B Write Resuits
ROM Operations
Submodeling
Fatigue
Safety Factor
DefinelModify
B Nonlinear Diagnostics
BReset :

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [csys=0 [ secn=1






FA\ ansys Multiphysics Utility Menu (global255).
File Select List Plot PlotCiils WorkPlane Parameters Macro MenuCiris Help

ST |
ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|

wxl uyl uzl

ANSYS Main Menu ®
B Preferences | AN | LINE STRESS

1
Preprocessor \\ STEP=2
Solution \ SUB =6
 General Postproc \\ \ TIME=2
B Data & File Opts
S Resuts Summary \\ FXIKIP_FXJKIP

Read Results MIN =63.103
\ ELEM=312872

Failure Criteria
& Plot Results
MAX =87.96
B Deformed Shape
& Contour Plot ELEM=312868
5] 63.103
& Element Solu B 55565
B Elem Table
Bl Line Elem Res 68.627
Vector Plot 71.389
Plot Path ltem 74.151
Concrete Plot 76.913
79.675

]
/=
ThinFilm
ListResults =
Query Results 82.437
& Options for Outp B 55108
B Results Viewer B 3796
B Write PGR File .
Nodal Calcs \

Element Table
Path Operations

Surface Operations \ \

Load Case l \\

Check Elem Shape \\

B Write Results

ROM Operations
Submodeling

Fatigue

Safety Factor

Define/Modify

& Nonlinear Diagnostics

B Reset g

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [csys=0 [ secn=1






FA\ ansys Multiphysics Utility Menu (global255).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCts Help

IS TR

ANSYS Toolbar
save| aurr| Resum| PowrcrPH| REPLOT| NOERASE| cLINE1 | cLingo| TEMP| Bsum| Bx| BY| BZ| SiNT| S| Y| 52| 51| 53] USUM|
ux uvl uzl

ANSYS Main Menu ®
B Preferences =l AN | VECTOR

Preprocessor STEP=2
Solution SUB =6
B General Postproc it \}’\T »

B Data & File Opts — \ TIME=2

B Results Summary N F_SHEAR

Read Results ELEM=312876

Failure Criteria MIN=.178375

& Plot Results -
B Deformed Shape MAX=1.356

B Contour Plot 178375
8 .309269
& Element Solu
B Elem Table 'g‘;%g;
Bl Line Elem Res -
Vector Plot 701951
Plot Path ltem .832845
Concrete Plot
ThinFilm .963739
List Resuilts 1.095
Query Results 1.226
B Options for Outp 1.356
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
DefinelModiify
B Nonlinear Diagnostics
B Reset =

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [cays=1 [ secn=1






T2\ ANSYS Multiphysics Utility Menu (global CC_1)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtis Help

TR |

ANSYS Toolbar

SAVEiDB‘ RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu )

B Preferences |
Preprocessor
Solution
& General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
=]
& Element Solu
B Elem Table
B Line Elem Res
Vector Plot
lot Path Item
Concrete Plot
hinFilm
List Results
Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case

Check Elem Shape

B Write Results

ROM Operations
Submodeling

Fatiaue =l

ANSYS 11.0
NODAL SOLUTION

CONTSTAT (AVG)
ReYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.836E-03

Faropen
NearContact
Sliding
sticking

Pick a menu item or enter an ANSYS Command (POST1)

mat=104

\ type=104

real=104

coys=1







T2\ ANSYS Multiphysics Utility Menu (global CC_1)

Eile Select List Plot PloiCirls WorkPlane Paameters Macro MenuCirls Help
TR |
ANSYS Toolbar

SAVE_DB| RESUM_DB| auT| PowRGRPH

ANSYS Main Menu )

B Preferences
Preprocessor
Solution
& General Postproc
& Data & File Opts SLID TN (ave)
B Results Summary Dmx =.8368-03
Read Results 003162
Failure Criteria " sim0s
Plot Results o
List Results ‘oni0ss
Query Results _001405
& Options for Outp L001757
B Results Viewer _002108
B Write PGR File iz .002455
Nodal Calcs -002811
& Element Table -003162
& Define Table
=]
B List Elem Table
& Abs Value Option
B Sum of Each Item
B Add Items
B Multiply
B Find Maximum
B Find Minimum
B Exponentiate
B Cross Product
& Dot Product
B Erase Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results B

ANSYS 11.0
AVG ELEMENT SOLUTION

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [type=104  [real=104  [cays=1 |secn=1






T2\ ANSYS Multiphysics Utility Menu (global CC_1)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtis Help

ISR

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

= Preferences
= Preprocessor
= Solution
3 General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
@ Query Results
& Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
& Element Table
& Define Table
& Plot Elem Table
B List Elem Table
& Abs Value Option
B Sum of Each Item
B Add ltems
elMultiply]
& Find Maximum
B Find Minimum
B Exponentiate
B Cross Product
& Dot Product
B Erase Table
Path Operations
Surface Operations

Load Case
Check Elem Shave -/
il I

ANsYS 11.0
AVG ELEMENT SOLUTION
STER=2

SUB =6

TIME=2

SLID_IN (AVG)

. 344E-03
. 688E-03
.001033
001377
001721
. 002065
002409
.002753
.003098

[Picka menuitem or ertter an ANSYS Command (POST1)

mat=104

\ type=104

real=104

coys=1







T2\ ANSYS Multiphysics Utility Menu (global CC_1)

Eile Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtis Help
o|= el alsl &l 2 E
ANSYS Toolbar

SAVE_DB| RESUM_DB| auT| PowRGRPH

ANSYS Main Menu )

B Preferences
Preprocessor STER=2
Solution SUB =6
& General Postproc TIME=2
& Data & File Opts SLID_IN (AVG)
B Results Summary
Read Results
Failure Criteria
Plot Results -338E-03
List Results -676E-03
Query Results - 001014
Bl Options for Qutp -001352
B Results Viewer - 00169
B Write PGR File -anz02s
Nodal Calcs heaes
& Element Table o03041
Define Table} :
& Plot Elem Table
B List Elem Table
B Abs Value Option _|
& Sum of Each Item
B Add Items
B Multiply
B Find Maximum
B Find Minimum
B Exponentiate
B Cross Product
& Dot Product
B Erase Table
Path Operations
Surface Operations
Load Case
Check Elem ShaTe =
3

ANsYS 11.0
AVG ELEMENT SOLUTION

l

| Pick @ menuitem or enter an ANSYS Command (POST1) [mat=104  [type=104  [real=104  [cays=1 |secn=1







_1235557047.xls
HM_mat_props

		

						Princeton Analysis 2005										ORNL 2004

								E (Mpa)		CTE /K		Poisson's Ratio						E (Mpa)		CTE /K		Poisson's Ratio

						Tee/shell		145,000.00		1.70E-05		0.31				Tee/shell		151,000.00		0.00E+00		0.31

						Modular Coil		63,000.00		1.72E-05		0.2				Modular Coil		58,600.00		1.00E-05		0.3

						Toroidal Spacer		150,000.00		1.70E-05		0.27				Toroidal Spacer		151,000.00		0.00E+00		0.31

						poloidal spacer		193,000.00		1.70E-05		0.31				poloidal spacer		151,000.00		0.00E+00		0.31

						Wing bag		13,750.00		3.00E-05		0.32				Wing bag		1,100.00		2.30E-04		0.42

						Wing bag		689		3.00E-05		0.32				Wing bag		1,100.00		2.30E-04		0.32

						Clamp		193,000.00		1.70E-05		0.31				Clamp		151,000.00		0.00E+00		0.31

						Top pad		21.28		1.25E-03		0				Top pad		21.28		1.25E-03		0

						Side pad		6.96		1.25E-03		0				Side pad		9.05		9.62E-04		0






