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Abstract

The object of the present work is to study the bolted joint submodule to girder. This joint is critical form the point of view of the mechanical integrity of the Tilecal Barrel and Extended Barrel modules and LAr Endcaps. Theoretical analysis, FEM calculations and  tests have been carried out in order to find a solution that fulfils the safety factors design criteria. 

1. Introduction


Submodules are connected to the support girder by the keyway on the girder and six M16 bolts.  It is necessary to prestress these bolts in order to insure that separation does not occur between the submodule and girder ( see drawing ATLLEM_001).  A grade 12.9 bolt is being which has a working load that is in excess to any of the applied loads.  However, the weld bar material into which these bolts are threaded is significantly more ductile and has a lower yield stress than the 12.9 grade M16 bolt.  See Figure 1 for details of this connection.  Because the weld bar material has significantly different material properties than the bolt it is necessary to closely examine this connection.  

2. Design criteria


The design criteria used for this connection is that a pre-stress will be applied to the bolt that is sufficient to prevent separation of the submodule from the girder under the operational applied loads, gravitational and magnetic.  In keeping with the previous design criteria used in the Tile Calorimeter a safety factor 1.5 will be considered for the shear stress on the welded straps thread stress and a safety factor 2 for the acting forces on the bolts. The acting load safety factor covers the effect of the seismic loads. The definition of the safety factors is the following:

Thread safety factor: Yield shear stress / Shear stress = 1.5

Acting load safety factor: Pre-load / Acting load  = 2

Combined safety factor: Yield shear stress * Acting load   = 1.5 * 2 = 3

3. Tests on the Connection/Bolt


There have been three sets of tests to evaluate the stresses in the weld bars.  Descriptions of these tests are in Appendix 1.  Because of the discrepancy in strength and ductility between the bolt and weld bar material it was felt that the load capacity of the weld bar threads should be tested empirically.  The goal of the testing was to determine:  

1. What are shear stresses in weld bar threads?

2. How well are loads distributed among the weld bar threads?

By answering these questions through tests then it would be possible to accurately calculate the stresses in the weld bar threads.  

The first test at CERN torqued a bolt in a weld bar to failure when the bolt was threaded to a depth of 23mm.  The second test at Argonne varied the depth of the thread and torqued the bolt to failure. The third test at Argonne consisted of a bolted connection that mimicked the connection between the submodule and girder.  The connection was then pulled in tension until failure.  The main conclusions from these tests were: 

1. The load is evenly distributed among threads. 

2. The weld bar thread strength to failure is similar to the strength of the bolt because of the length of thread engagement. 

3. The thread shear stresses should be calculated using  the thread major diameter with a scale factor of .87

4. Evaluation of Working Loads on Weld Bar Threads

4.1 Maximum shear stress on straps threads

The straps material (Fe 360) has a tensile yield stress of 240 N/mm^2, we assume as shear yield stress (Ss):

Ss = 240 N/mm^2 * 0.6 = 144 N/mm^2.

We take as maximum allowable shear stress for this material with a safety factor 1.5:

Ssmax =  144 N/mm^2 / 1.5 = 96 N/mm^2.

4.2 Straps thread stress  evaluation

The following formula has been confirmed by the test and it’s coherent with the literature on this subject. So, it will be applied for the stress evaluation on the threads. This formula is based on the shear stress criteria failure.


Ss = P / (pi * d * L * K*K1)

where:

Ss =  Shear stress on threads

P = load applied on bolt 

d =  nominal bolt diameter (16 mm)

L = thread length (23 mm)

K = triangular thread factor (0.87)

K1 = irregular load on thread pitch (1). See tests results.

4.3 Maximum allowable load on bolt

Applying the formula mentioned above, we get the maximum load that can be applied on the bolt, this maximum load already includes a safety factor 1.5 for the thread stress.


P = 96 N/mm^2 * pi * 16 mm * 23 mm* 0.87 = 96.557 N
4.4 Safety factor in function of the torque applied on the bolt

Assuming a friction factor 0.14 for the forces applied from the torque on the bolt, we get the following safety factors in function of the torque:

TORQUE
LOAD
SHEAR STRESS
SAFETY FACTOR

200 Nm
69500 N
69 N/mm^2
1.5 * (96 /69) =2.08 

250 Nm
83904 N
83 N/mm^2
1.5 * ( 96/83) = 1.72

275 Nm
95562 N
95 N/mm^2
1.5 * (96/95) = 1.51

So, the maximum torque we can apply, keeping a safety factor 1.5 on the strap thread stress is 275 Nm.

5. Evaluation of the safety factor on the acting loads

This safety factor is evaluated taking in account the acting loads got from the FEM calculations by J. Blocki and comparing them with the pre-load coming from the torque applied on the straps bolts. Several load cases have been calculated. The most restrictive conditions for the bolts are produced when gravitational  and magnetic conditions are applied at the front part of the extended barrels, so this is the case considered for the safety factor evaluation. The loads on the barrel modules are significantly lower, so the solution for the Extended barrels is valid for the barrel. We get the following values:

TORQUE
SAFETY FACTOR

200 Nm
>2. Except:

 module 8 =1.96

module 9 =1.63

module 10 = 1.28

module 11= 1.04

module 53= 0.93

module 54 = 0.85

module 55 = 1.02

module 56 = 1.27

module 57 = 1.48

module 58 = 1.97



250 Nm
>2. Except:

module 9 = 1.96

module 10 = 1.54

module 11 = 1.26

module 53 = 1.12

module 54 = 1.03

module 55 =1.23

module 56 = 1.53

module 57 = 1.79

TORQUE
SAFETY FACTOR

275 Nm
>2. Except:

module 10 = 1.76

module 11 = 1.44

module 53 = 1.28

module 54 = 1.18

module 55 = 1.40

module 56 = 1.74

6. Combined Safety factor evaluation

We get the following values for the combined safety factor:

TORQUE
COMBINED SAFETY FACTOR

200 Nm
>3. Except:

module 10 = 2.66

module 11 = 2.17

module 53 = 1.94

module 54 = 1.78

module 55 = 2.13

module 56 = 2.64

250 Nm
>3. Except:

module 10 = 2.66

module 11 = 2.17

module 53 = 1.93

module 54 = 1.78

module 55 = 2.12

module 56 = 2.64

275 Nm
>3. Except:

module 10 = 2.66

module 11 = 2.17

module 53 = 1.93

module 54 = 1.78

module 55 = 2.12

module 56 = 2.64

7. Conclusions

1) Extended Barrel modules 9,10,11,53,54,55,56,57. Two additional  bolts will be added to the submodules straps on the front part of this modules ,5 bolts/strap in front of the current design of 3 bolts/strap (See appendix 4 for details). Torque and safety factor for this modules are showed in the table.

MODULE
TORQUE
THREAD SF
LOAD SF
COMBINED SF

9
250 Nm
1.72
3.28
5.64

10
250 Nm
1.72
2.57
4.43

11
250 Nm
1.72
2.1
3.62

53
275 Nm
1.51
2.13
3.23

54
275 Nm
1.51
1.96
2.96

55
250 Nm
1.72
2.06
3.54

56
250 Nm
1.72
2.56
4.40

57
250 Nm
1.72
2.99
5.15

The safety factor values for the module 54 are acceptable because the load safety factor including the seismic loads is 1.14.

2) Rest of the modules of the Extended Barrel modules (standard straps).  

MODULE
TORQUE
THREAD SF
LOAD SF
COMBINED SF

8
250 Nm
1.72
2.37
4.09

58
250 Nm
1.72
3.38
4.10

OTHERS
200 Nm
2.08
>2
>4

3) Barrel modules (standard straps).

MODULE
TORQUE
THREAD SF
LOAD SF
COMBINED SF

53
200 Nm
2.08
1.96
4.08

OTHERS
200 Nm
2.08
>2
>4

The safety factor values for the module 53 are acceptable because the load safety factor including the seismic loads is 1.39

4) On both cases, Barrel modules and Extended Barrel modules, the load safety factor covers the possible effects of the seismic loads. Load safety factor including seismic loads > 1.

Appendix 1

Tests on Threads

STRIP'S THREAD TEST

ATLAS - TILECAL

19/10/99

Marzio NESSI, Nikolai TOPILIN, Nuno LOUREIRO, Patrick CHARRA

1. Description

To test the thread of the "Standard Back Connecting Strips" we used one welding sample (from the welding tests) and screwed in a M16x40-12.9 bolt. A washer with 16 mm of thickness was installed to provide 24 mm of bolt body inside the strip.

The screwdriver used in the test, had an arm of 1 meter long and the load was applied and measured by a dynametric spring tool.

2. Test procedure

We started to screw in the bolt up to 35 kgm and then we unloaded it completely and remove the bolt. We checked the bolt's and the strip's thread with a ruler (thread control tool with a 2 mm path). Nothing was detected.

Then the procedure was repeated, increasing the momentum 5 kgm step by step.

When we screwed up to 45 kgm, we recognised the beginning of plastic deformation of the bolt, and some unsharpened regions of the strip's thread could be identified when dismounted.

After loading with 55 kgm, a plastic deformation in the bolt body standing outside the strip could be seen with the help of the ruler.

Then, we tried to go up to 60 kgm but the plastic deformation of the bolt didn't allow us to reach it. We were seeing the bolt twisting with more or less 58 kgm and then, after had changed the position of the screwdriver, it suddenly broke with a small momentum applied.

3. Results and comments

1. It was the bolt who broke and not the strip's thread.

2. It means, the stress inside the bolt (grade 12.9) reached the 1200 MPa.

F = 1200 MPa x 157 mm2 = 188 400 N  ((19 tonf)

3. The strip's thread took 19 tonf without problems.

4. Annexe

This information was deduced from a German reference (attached) and it was used to set up the values for the applied momentum:

For a coefficient of friction in threads of ( = 0.14

M = 318 Nm (32kgm) (  F = 110 000 N (Tilecal max force from Jacek's calculations)

M = 355 Nm (36kgm) (  F = 123 000 N (from the book table 10/8)

M = 462 Nm (47kgm) (  F = 160 000 N (aprox. the elastic limit of  bolt)

M = 537 Nm (55kgm) (  F = 186 000 N (max load applied in the welding tests)

Tests on Threads

January 21, 2000

Argonne National Lab

Ken Wood

Victor Guarino


In order to get a feel for the strength of these threads we did the following experiment.  We took several weld bars and M16 bolts.  We threaded the bolts into the weld bars at varying depths and applied a torque to the bolt until failure occurred.  The torque was measured with a torque wrench which isn’t the most accurate way of doing this but good enough for getting a feel for the strength of the threads.  All of the threads were then cut through so that we could observe the condition of the threads.  Our results are in the table below: 

Depth of Thread
Torque at Failure
Method of Failure

8mm
183 N-m
Threads pulled out to 8mm depth

16mm
407 N-m
Threads pulled out to 16mm depth

24mm
597 N-m
Bolt broke immediately above weld bar

30mm
814 N-m
Bolt Broke immediately above weld bar

The most interesting thing is that the torque to failure increased almost linearly with the depth of the thread.  The last two tests at depths of 24mm and30mm failed at the bolt.  This does not indicated that the bolt is stronger than the thread.  After cutting through and observing the threads on the last two tests it appeared that the threads were somewhat distorted.  I believe that the threads had begun to yield and distort.  This caused a binding of the bolt in the thread which in turn caused the stresses in the bolt to increase.  It should be remembered that the bolt is subjected to combined shear stresses from the torque and tensile stresses.  I would argue that the bolt failed because of this combination of stresses.  If the tensile load had been applied in a press, for example, rather than by applying a torque I believe that the threads would have failed in these last two tests.  Also, the bolt failed at a much higher torque at 30mm than at the 24mm depth.  If bolt failure was an indication of the strength of the bolt then at 30mm depth it would have failed at the same torque as it did at a depth of 24mm.  Since the bolt failed at a higher torque at the 30mm depth I believe that this is evidence that the threads had begun to yield and had the threads had seized, causing the combination of stresses in the bolt to increase significantly.  If we assume that this is true then the shear stress in the weld bar threads are listed in the following table.  

Depth of Thread
8mm
16mm
24mm
30mm

Torque
183 N-m
407 N-m
597 N-m
814 N-m

Calculated Force on Thread
66,303 N
147,462 N
216,302 N
294,924 N

Shear Stress

D=16mm

K=.87
189.5 N/mm^2
211 N/mm^2
206 N/mm^2
224.8 N/mm^2

Shear Stress

D=14.7mm

K=.5
359 N/mm^2
399 N/mm^2
390 N/mm^2
426 N/mm^2

These stresses are to failure.  The failure stress of the weld bar material is 420 N/mm^2.  Using Von Mises criteria this results in a tensile yield stress of 242 N/mm^2 and maximum shear stress theory results in a yield stress of 210 N/mm^2.  Calculating the shear stress using D=16mm and K=.87 very closely matches the failure stress of the weld bar material.  

Subject: Re: test on threads

Date: Tue, 25 Jan 2000 15:28:12 -0600

From: Victor Guarino <VJG@ANL.GOV>

To: "TOPILINE,NIKOLAI/PPE" <TOPILIN@axcrnb.cern.ch>

CC: Guarino Vic <vjg@hep.anl.gov>, Marzio.Nessi@cern.ch, Jacek.Blocki@cern.ch,

     Proudfoot Jim <proudfoot@hep.anl.gov>,

     Miralles Lluis <miralles@ifae.es>, Ken <klw@hep.anl.gov>

Hi,

We have done some more tests on the bolts.  This time we applied 200 N-m

preload to the bolts and then pulled on them.   The bolts were threaded to a

depth of 23mm.  We did this five times.  The results were:

Test #1. Preloaded bolt to 200 N-m.  The bolt failed in a classic tensile mode

at 204,600N.  There was a clearly identifiable necked region of the bolt and a

cone shaped fracture area.

Test #2. Preloaded the bolt to 200N-m.  The threads in the weld bar pulled out

the full 23mm at 204,600N.  There was no identifiable necking or deformation

to the bolt.

Test #3. Preloaded the bolt to 200N-m.  At 204,600 N the bolt failed.  The

part of the bolt in the weld bar were locked into it and could not be removed,

indicated that the threads were yielding.  The bolt did not fail by necking.

The bolt fractured along a 45 degree line and there was no evidence of

necking.

Test #4. No preload was applied to the bolt.  The bolt failed at 204,600 N,

the same deformation pattern on the bolt that was observed in #3 was seen.

Test #5. Preloaded the bolt to 200N-m.  The bolt failed at 195,700N.  The same

deformation pattern on the bolt that was observed in #3 was seen.  The bolt

was locked into the weld bar and could not be removed, indicated that the

threads had yielded.

The proof load for these bolts is 174,900 N so we have exceeded that.  Also,

in the test we did earlier when we were torqueing the bolts they were failing

at a load of 216,000N at a thread depth of 23mm.  These tests have proved to

me that the load on the threads in the weld bars is being evenly distributed

among the threads.  Also, weld bar threads and the bolt appear to have the

same strength because of the length of engagement that we have in the weld

bar.  We should keep in mind that these are the failure loads and that we

shouldn't be designing to them.

Vic

Appendix 2

Bolt Pre-Stress on Submodule Connection

Presented by N. Topilin at February Engineering Meeting

3 February 2000

ATLAS TILE CAL Engineering Meeting

Bolts pre-stress on submodules connection

( follow up of the mail discussion)

N.Topilin

CERN

Geneva, Switzerland

Introduction

In the October 1999 Vic Guarino opened the discussion about pre-stress in the M16 bolts and others questions jointed with it.

The main reason of discussion was small coefficient of safety for pre-load on the bolt.

We have for module assembly the pre-stress torque moment 200 Nm. It means pre-load in the bolt is 69 500 N. But maximum load on the bolt (according Jacek calculation) is 66 600 N.

So we have for two modules of ext.barrel safety coefficient for bolt pre-load 

69 500 : 66 600 = 1.04.

It is very and very small, of coarse.

 Lluis Miralles proposed to use for these modules the moment 250 Nm (the load on the bolt is 86 900 N) and so to increase the coefficient up to 

86 900 : 66 600 = 1.3.

In the Russian technician literature I found than the acceptable pre-load coefficient is 1.25…2.

So, from one side, Lluis’s proposal is acceptable, but Vic insists on using of coefficient 2 (according USA norm).

The realization of this term means to have load on the bolt

66 600 x 2 = 133 200 N.

But according the table 10/8 on the page 213 (G.Niemann, ”Maschinen-elemente, Band I, Berlin, New York, 1981) we can have maximum load 123 000 N only and torque moment 355 Nm.

So,   K = 123 000 : 66 600 = 1.85.

But in this case we have the shear stress in the weld bar 122N/mm^2 and it is impossible.

About limit of shear stress

Lluis proposed to use shear stress limit equaled 70.5 N/mm^2. (But for his load 83 904 N we have shear stress 83 N/mm^2 in the bar).

Vic pointed the shear stress as 102 N/mm^2 is very big.

My opinion is:

 the  shear stress limit for material Fe360 is 100 N/mm^2.

This value is in according my experience and Russian literature.

The tensile yield stress for this material is 240 N/mm^2. So, if we take safety coefficient 1.5 (it is norm for ordinary mechanical engineering) we’ll have limit for tensile stress

240 : 1.5 = 160 N/mm^2,

and limit for shear stress

0.6 x 160 = 96 N/mm^2 or 100 N/mm^2 like it uses in literature.

The failure tensile stress (Ts) for Fe360 is 360…440 N/mm^2. So the failure shear stress  (Ss) is 209…264 N/mm^2, because Ss=0.6Ts or Ss = 0.58Ts ( Vic’s criteria). The test of V.Guarino confirms it: the bar thread was broken when Ss was 211 N/mm^2.

About shear stress calculation

I and Vic use same formula for shear stress calculation, but we have different results.

Shear stress (Ss) = P/pi*d*L*K,

where is  - P – load on the thread,

    - d - diameter of thread,

   -  L - depth of thread,

   - K – fullness thread coefficient.

            I use  d = 16 mm, L = 23 mm, K = 0.87;  so Ss = P/1006.

            Vic uses d = 14.5 mm, L = 23 mm, K= 0.5; so Ss = P/524.

          Vic has approximately 2 times more shear stress than I do.

My  calculation based on the scheme from technician book ( see scheme).

So, according my calculation we can put max load for the bolt (without weld bar material changing)

  P = Ss*pi*d*L*K = 100 x 3.14 x 16 x 23 x 0.87 = 100 580 N.

  It means max torque moment 290 Nm.

This max pre-load needs not for all modules. It needs only for some front part submodules of ext.barrel modules.

The moment of torque 200 Nm gives pre-load on the bolt 69 500 N. If we’ll lake to have safety coefficient 2 for the bolt load the load for the bolt must be not more than 34 750 N or Pb = 357 N/mm.

      Pb max is : -313 N/mm for barrel modules and central part of         ext.barrel modules ( so , K>2);

· 327 N/mm for back part of ext.barrel modules (K>2);

· 365 N/mm for front part of ext.barrel modules ## 1-8, 12-53, 57-64 (K = 1.96 or >2).

        For 6 front part of ext.barrel modules we need to increase the torque moment.

Conclusion

According executed analysis of load (Jacek’s data) for barrel and ext.barrel modules I have recommendation to use pre-stress torque moment for front part ext.barrel modules:

# module
   Pb, N/mm
Torque moment, Nm
Safety coefficient

9, 56
440
250
2.02

10, 55
560
290
1.84

11, 54
685
290
1.51

All others barrel and ext.barrel modules
365 max
200
1.96 min

The thread tests in Argonne, Barcelona, CERN show to us 23 mm depth of thread M16 keeps torque moment up to 350 Nm without problem and has the problem ( big plastic deformation) when the moment is near 550…600 Nm. So, safety coefficient for the thread is near 2 (550/290=1.9) in the worth case.

Appendix 3

List of Module and Bolt Forces

J. Blocki

 FRONT PART OF EXT.BAR.,GRAV.AND MAGN.LOAD

  Forces at the bottom of the girder

  (Pr - radial, MdB - moment, Ps - shear,

   Pb1,Pb2 - forces in the submodule bolts)**
 ________Pr___________MdB_________Ps____ _______Pb1________Pb2_____

 1.  -0.133E+03   0.520E+04   0.174E+01     -0.507E+02  -0.827E+02

 2.  -0.142E+03   0.181E+05   0.718E+01     -0.154E+02  -0.127E+03

 3.  -0.142E+03   0.324E+05   0.140E+02      0.284E+02  -0.171E+03

 4.  -0.131E+03   0.446E+05   0.193E+02      0.721E+02  -0.203E+03

 5.  -0.126E+03   0.557E+05   0.233E+02      0.108E+03  -0.234E+03

 6.  -0.129E+03   0.429E+05   0.140E+02      0.677E+02  -0.196E+03

 7.  -0.125E+03  -0.980E+05  -0.704E+02     -0.364E+03   0.239E+03

 8.  -0.118E+03  -0.138E+06  -0.956E+02     -0.483E+03   0.365E+03

 9.  -0.123E+03  -0.163E+06  -0.113E+03     -0.564E+03   0.441E+03

10.  -0.140E+03  -0.205E+06  -0.139E+03     -0.701E+03   0.561E+03

11.  -0.151E+03  -0.248E+06  -0.165E+03     -0.837E+03   0.686E+03

12.  -0.465E+03  -0.174E+06  -0.173E+03     -0.770E+03   0.304E+03

13.  -0.868E+02  -0.878E+05  -0.749E+02     -0.313E+03   0.227E+03

14.  -0.947E+02  -0.570E+05  -0.561E+02     -0.223E+03   0.128E+03

15.  -0.887E+02  -0.399E+05  -0.585E+01     -0.167E+03   0.786E+02

16.  -0.728E+02  -0.827E+04  -0.263E+02     -0.619E+02  -0.110E+02

17.  -0.678E+02   0.103E+05  -0.158E+02     -0.217E+01  -0.656E+02

18.  -0.720E+02   0.274E+05  -0.565E+01      0.482E+02  -0.120E+03

19.  -0.674E+02   0.443E+05   0.531E+01      0.103E+03  -0.170E+03

20.  -0.515E+02   0.579E+05   0.141E+02      0.152E+03  -0.204E+03

21.  -0.433E+02   0.665E+05   0.194E+02      0.183E+03  -0.226E+03

22.  -0.430E+02   0.737E+05   0.247E+02      0.205E+03  -0.248E+03

23.  -0.321E+02   0.787E+05   0.294E+02      0.226E+03  -0.258E+03

24.  -0.134E+02   0.785E+05   0.305E+02      0.235E+03  -0.248E+03

25.  -0.543E+01   0.740E+05   0.289E+02      0.225E+03  -0.230E+03

26.  -0.833E+01   0.688E+05   0.273E+02      0.207E+03  -0.216E+03

27.  -0.402E+01   0.646E+05   0.272E+02      0.197E+03  -0.201E+03

28.   0.100E+02   0.553E+05   0.237E+02      0.175E+03  -0.165E+03

29.   0.149E+02   0.442E+05   0.185E+02      0.143E+03  -0.129E+03

30.   0.104E+02   0.331E+05   0.141E+02      0.107E+03  -0.966E+02

31.   0.154E+02   0.217E+05   0.996E+01      0.744E+02  -0.590E+02

32.   0.271E+02   0.119E+05   0.624E+01      0.502E+02  -0.231E+02

33.   0.272E+02  -0.117E+05  -0.612E+01     -0.225E+02   0.497E+02

34.   0.155E+02  -0.215E+05  -0.984E+01     -0.583E+02   0.738E+02

35.   0.106E+02  -0.329E+05  -0.139E+02     -0.959E+02   0.106E+03

36.   0.151E+02  -0.440E+05  -0.184E+02     -0.128E+03   0.143E+03

37.   0.104E+02  -0.551E+05  -0.235E+02     -0.164E+03   0.175E+03

38.  -0.363E+01  -0.645E+05  -0.271E+02     -0.200E+03   0.197E+03

39.  -0.792E+01  -0.686E+05  -0.272E+02     -0.215E+03   0.207E+03

40.  -0.499E+01  -0.739E+05  -0.288E+02     -0.230E+03   0.225E+03

41.  -0.130E+02  -0.783E+05  -0.304E+02     -0.247E+03   0.235E+03

42.  -0.316E+02  -0.786E+05  -0.293E+02     -0.258E+03   0.226E+03

43.  -0.426E+02  -0.736E+05  -0.247E+02     -0.248E+03   0.205E+03

44.  -0.429E+02  -0.665E+05  -0.193E+02     -0.226E+03   0.183E+03

45.  -0.512E+02  -0.578E+05  -0.140E+02     -0.204E+03   0.152E+03

46.  -0.672E+02  -0.442E+05  -0.528E+01     -0.170E+03   0.102E+03

47.  -0.720E+02  -0.273E+05   0.566E+01     -0.120E+03   0.481E+02

48.  -0.679E+02  -0.103E+05   0.158E+02     -0.656E+02  -0.223E+01

49.  -0.730E+02   0.826E+04   0.263E+02     -0.111E+02  -0.619E+02

50.  -0.886E+02   0.399E+05   0.589E+01      0.784E+02  -0.167E+03

51.  -0.953E+02   0.570E+05   0.561E+02      0.128E+03  -0.223E+03

52.  -0.876E+02   0.877E+05   0.748E+02      0.226E+03  -0.314E+03

53.  -0.467E+03   0.174E+06   0.173E+03      0.303E+03  -0.770E+03

54.  -0.153E+03   0.247E+06   0.164E+03      0.685E+03  -0.838E+03

55.  -0.141E+03   0.205E+06   0.139E+03      0.560E+03  -0.702E+03

56.  -0.124E+03   0.163E+06   0.113E+03      0.440E+03  -0.565E+03

57.  -0.119E+03   0.138E+06   0.955E+02      0.364E+03  -0.483E+03

58.  -0.125E+03   0.979E+05   0.704E+02      0.238E+03  -0.364E+03

59.  -0.128E+03  -0.431E+05  -0.141E+02     -0.197E+03   0.683E+02

60.  -0.125E+03  -0.558E+05  -0.234E+02     -0.235E+03   0.109E+03

61.  -0.130E+03  -0.448E+05  -0.195E+02     -0.203E+03   0.728E+02

62.  -0.142E+03  -0.326E+05  -0.142E+02     -0.171E+03   0.291E+02

63.  -0.142E+03  -0.183E+05  -0.730E+01     -0.128E+03  -0.147E+02

64.  -0.133E+03  -0.541E+04  -0.186E+01     -0.833E+02  -0.500E+02

 ** Values in N/mm. In order to compare with the force applied by the strap bolts, use the conversion:


Pb2 * 290 = Total force applied by bolts = No of bolts * Force/bolt

 FRONT PART OF EXT.BAR.,GRAV.,MAGN.AND SEIS.LOAD (left supp.fixed)

  Forces at the bottom of the girder

  (Pr - radial, MdB - moment, Ps - shear,

   Pb1,Pb2 - forces in the submodule bolts)

 ________Pr___________MdB_________Ps____ _______Pb1________Pb2_____

 1.  -0.129E+03  -0.863E+05  -0.555E+02     -0.330E+03   0.201E+03

 2.  -0.142E+03  -0.655E+05  -0.454E+02     -0.273E+03   0.131E+03

 3.  -0.146E+03  -0.430E+05  -0.336E+02     -0.205E+03   0.594E+02

 4.  -0.138E+03  -0.221E+05  -0.231E+02     -0.137E+03  -0.734E+00

 5.  -0.136E+03  -0.264E+04  -0.141E+02     -0.760E+02  -0.597E+02

 6.  -0.141E+03   0.107E+04  -0.135E+02     -0.672E+02  -0.737E+02

 7.  -0.137E+03  -0.897E+05  -0.681E+02     -0.345E+03   0.207E+03

 8.  -0.129E+03  -0.119E+06  -0.872E+02     -0.432E+03   0.303E+03

 9.  -0.133E+03  -0.139E+06  -0.100E+03     -0.493E+03   0.360E+03

10.  -0.147E+03  -0.168E+06  -0.119E+03     -0.589E+03   0.442E+03

11.  -0.155E+03  -0.192E+06  -0.134E+03     -0.670E+03   0.514E+03

12.  -0.447E+03  -0.109E+06  -0.139E+03     -0.558E+03   0.111E+03

13.  -0.883E+02  -0.295E+05  -0.394E+02     -0.135E+03   0.467E+02

14.  -0.924E+02  -0.246E+04  -0.227E+02     -0.538E+02  -0.386E+02

15.  -0.831E+02   0.105E+05   0.241E+02     -0.923E+01  -0.739E+02

16.  -0.643E+02   0.373E+05   0.454E+00      0.825E+02  -0.147E+03

17.  -0.568E+02   0.504E+05   0.799E+01      0.127E+03  -0.183E+03

18.  -0.589E+02   0.616E+05   0.151E+02      0.160E+03  -0.219E+03

19.  -0.526E+02   0.725E+05   0.227E+02      0.197E+03  -0.249E+03

20.  -0.355E+02   0.798E+05   0.281E+02      0.228E+03  -0.263E+03

21.  -0.264E+02   0.822E+05   0.300E+02      0.240E+03  -0.266E+03

22.  -0.257E+02   0.830E+05   0.319E+02      0.243E+03  -0.268E+03

23.  -0.149E+02   0.818E+05   0.331E+02      0.244E+03  -0.259E+03

24.   0.337E+01   0.755E+05   0.310E+02      0.234E+03  -0.231E+03

25.   0.105E+02   0.654E+05   0.262E+02      0.206E+03  -0.196E+03

26.   0.639E+01   0.548E+05   0.217E+02      0.172E+03  -0.165E+03

27.   0.913E+01   0.458E+05   0.189E+02      0.145E+03  -0.136E+03

28.   0.213E+02   0.320E+05   0.129E+02      0.109E+03  -0.879E+02

29.   0.240E+02   0.172E+05   0.562E+01      0.649E+02  -0.409E+02

30.   0.172E+02   0.290E+04  -0.611E+00      0.175E+02  -0.317E+00

31.   0.196E+02  -0.110E+05  -0.608E+01     -0.239E+02   0.435E+02

32.   0.286E+02  -0.233E+05  -0.113E+02     -0.573E+02   0.860E+02

33.   0.259E+02  -0.465E+05  -0.234E+02     -0.130E+03   0.156E+03

34.   0.114E+02  -0.574E+05  -0.278E+02     -0.171E+03   0.182E+03

35.   0.373E+01  -0.683E+05  -0.317E+02     -0.208E+03   0.212E+03

36.   0.551E+01  -0.783E+05  -0.356E+02     -0.238E+03   0.244E+03

37.  -0.190E+01  -0.876E+05  -0.398E+02     -0.270E+03   0.269E+03

38.  -0.184E+02  -0.944E+05  -0.420E+02     -0.300E+03   0.281E+03

39.  -0.250E+02  -0.955E+05  -0.405E+02     -0.306E+03   0.281E+03

40.  -0.241E+02  -0.970E+05  -0.400E+02     -0.311E+03   0.286E+03

41.  -0.338E+02  -0.973E+05  -0.394E+02     -0.316E+03   0.282E+03

42.  -0.539E+02  -0.929E+05  -0.358E+02     -0.313E+03   0.259E+03

43.  -0.660E+02  -0.829E+05  -0.285E+02     -0.288E+03   0.222E+03

44.  -0.671E+02  -0.704E+05  -0.203E+02     -0.250E+03   0.183E+03

45.  -0.758E+02  -0.562E+05  -0.120E+02     -0.211E+03   0.135E+03

46.  -0.918E+02  -0.370E+05  -0.218E+00     -0.160E+03   0.679E+02

47.  -0.961E+02  -0.144E+05   0.138E+02     -0.924E+02  -0.366E+01

48.  -0.912E+02   0.821E+04   0.269E+02     -0.203E+02  -0.708E+02

49.  -0.951E+02   0.322E+05   0.402E+02      0.515E+02  -0.147E+03

50.  -0.109E+03   0.710E+05   0.150E+02      0.164E+03  -0.273E+03

51.  -0.115E+03   0.904E+05   0.763E+02      0.221E+03  -0.335E+03

52.  -0.104E+03   0.126E+06   0.978E+02      0.336E+03  -0.440E+03

53.  -0.719E+03   0.257E+06   0.243E+03      0.431E+03  -0.115E+04

54.  -0.152E+03   0.384E+06   0.243E+03      0.110E+04  -0.126E+04

55.  -0.132E+03   0.344E+06   0.219E+03      0.994E+03  -0.113E+04

56.  -0.106E+03   0.305E+06   0.194E+03      0.887E+03  -0.992E+03

57.  -0.919E+02   0.274E+06   0.174E+03      0.798E+03  -0.890E+03

58.  -0.900E+02   0.229E+06   0.145E+03      0.660E+03  -0.750E+03

59.  -0.904E+02  -0.134E+06  -0.707E+02     -0.458E+03   0.368E+03

60.  -0.928E+02  -0.180E+06  -0.995E+02     -0.600E+03   0.507E+03

61.  -0.104E+03  -0.162E+06  -0.917E+02     -0.550E+03   0.446E+03

62.  -0.122E+03  -0.144E+06  -0.833E+02     -0.505E+03   0.383E+03

63.  -0.128E+03  -0.124E+06  -0.729E+02     -0.445E+03   0.318E+03

64.  -0.124E+03  -0.104E+06  -0.635E+02     -0.383E+03   0.259E+03

 END PART OF BAR.,GRAV.AND MAGN.LOAD

  Forces at the bottom of the girder

  (Pr - radial, MdB - moment, Ps - shear,

   Pb1,Pb2 - forces in the submodule bolts)

 ________Pr___________MdB_________Ps____ _______Pb1________Pb2_____

 1.  -0.942E+02  -0.212E+04  -0.258E+01     -0.536E+02  -0.406E+02

 2.  -0.104E+03  -0.396E+04  -0.587E+01     -0.642E+02  -0.399E+02

 3.  -0.106E+03  -0.430E+04  -0.760E+01     -0.661E+02  -0.396E+02

 4.  -0.964E+02  -0.613E+04  -0.106E+02     -0.670E+02  -0.293E+02

 5.  -0.949E+02  -0.104E+05  -0.157E+02     -0.796E+02  -0.153E+02

 6.  -0.101E+03  -0.811E+04  -0.161E+02     -0.756E+02  -0.257E+02

 7.  -0.960E+02   0.156E+05  -0.334E+01      0.110E+00  -0.961E+02

 8.  -0.820E+02  -0.897E+01  -0.143E+02     -0.410E+02  -0.410E+02

 9.  -0.786E+02  -0.557E+04  -0.196E+02     -0.564E+02  -0.222E+02

10.  -0.864E+02  -0.485E+05  -0.464E+02     -0.192E+03   0.106E+03

11.  -0.885E+02  -0.941E+05  -0.739E+02     -0.334E+03   0.245E+03

12.  -0.831E+02  -0.105E+06  -0.116E+03     -0.365E+03   0.282E+03

13.  -0.862E+02  -0.878E+05  -0.749E+02     -0.313E+03   0.227E+03

14.  -0.940E+02  -0.571E+05  -0.562E+02     -0.223E+03   0.129E+03

15.  -0.880E+02  -0.399E+05  -0.623E+01     -0.167E+03   0.788E+02

16.  -0.722E+02  -0.835E+04  -0.263E+02     -0.618E+02  -0.104E+02

17.  -0.672E+02   0.102E+05  -0.159E+02     -0.214E+01  -0.650E+02

18.  -0.714E+02   0.273E+05  -0.570E+01      0.482E+02  -0.120E+03

19.  -0.668E+02   0.442E+05   0.525E+01      0.102E+03  -0.169E+03

20.  -0.509E+02   0.578E+05   0.140E+02      0.152E+03  -0.203E+03

21.  -0.427E+02   0.664E+05   0.193E+02      0.183E+03  -0.226E+03

22.  -0.424E+02   0.742E+05   0.250E+02      0.207E+03  -0.249E+03

23.  -0.315E+02   0.791E+05   0.296E+02      0.228E+03  -0.259E+03

24.  -0.128E+02   0.783E+05   0.304E+02      0.235E+03  -0.247E+03

25.  -0.481E+01   0.739E+05   0.288E+02      0.225E+03  -0.230E+03

26.  -0.771E+01   0.687E+05   0.273E+02      0.208E+03  -0.215E+03

27.  -0.344E+01   0.634E+05   0.265E+02      0.193E+03  -0.197E+03

28.   0.106E+02   0.552E+05   0.236E+02      0.175E+03  -0.165E+03

29.   0.154E+02   0.441E+05   0.184E+02      0.143E+03  -0.128E+03

30.   0.109E+02   0.329E+05   0.140E+02      0.107E+03  -0.959E+02

31.   0.159E+02   0.221E+05   0.102E+02      0.760E+02  -0.601E+02

32.   0.274E+02   0.244E+04   0.647E+00      0.212E+02   0.619E+01

33.   0.274E+02  -0.243E+04  -0.637E+00      0.624E+01   0.212E+02

34.   0.160E+02  -0.221E+05  -0.102E+02     -0.600E+02   0.760E+02

35.   0.111E+02  -0.329E+05  -0.140E+02     -0.957E+02   0.107E+03

36.   0.156E+02  -0.441E+05  -0.184E+02     -0.128E+03   0.143E+03

37.   0.109E+02  -0.552E+05  -0.236E+02     -0.164E+03   0.175E+03

38.  -0.311E+01  -0.634E+05  -0.265E+02     -0.197E+03   0.193E+03

39.  -0.737E+01  -0.687E+05  -0.273E+02     -0.215E+03   0.208E+03

40.  -0.444E+01  -0.739E+05  -0.288E+02     -0.230E+03   0.225E+03

41.  -0.124E+02  -0.783E+05  -0.304E+02     -0.247E+03   0.235E+03

42.  -0.311E+02  -0.791E+05  -0.296E+02     -0.259E+03   0.228E+03

43.  -0.421E+02  -0.741E+05  -0.250E+02     -0.249E+03   0.207E+03

44.  -0.425E+02  -0.664E+05  -0.193E+02     -0.226E+03   0.183E+03

45.  -0.507E+02  -0.578E+05  -0.140E+02     -0.203E+03   0.152E+03

46.  -0.667E+02  -0.442E+05  -0.524E+01     -0.169E+03   0.103E+03

47.  -0.715E+02  -0.273E+05   0.570E+01     -0.120E+03   0.481E+02

48.  -0.674E+02  -0.102E+05   0.159E+02     -0.651E+02  -0.223E+01

49.  -0.725E+02   0.835E+04   0.263E+02     -0.105E+02  -0.620E+02

50.  -0.881E+02   0.399E+05   0.623E+01      0.788E+02  -0.167E+03

51.  -0.947E+02   0.571E+05   0.562E+02      0.128E+03  -0.223E+03

52.  -0.871E+02   0.878E+05   0.749E+02      0.226E+03  -0.314E+03

53.  -0.845E+02   0.105E+06   0.116E+03      0.281E+03  -0.366E+03

54.  -0.894E+02   0.941E+05   0.739E+02      0.245E+03  -0.334E+03

55.  -0.869E+02   0.485E+05   0.464E+02      0.106E+03  -0.193E+03

56.  -0.788E+02   0.556E+04   0.196E+02     -0.223E+02  -0.565E+02

57.  -0.822E+02  -0.778E+01   0.143E+02     -0.411E+02  -0.411E+02

58.  -0.960E+02  -0.156E+05   0.333E+01     -0.961E+02   0.120E+00

59.  -0.101E+03   0.809E+04   0.161E+02     -0.258E+02  -0.756E+02

60.  -0.951E+02   0.104E+05   0.157E+02     -0.155E+02  -0.796E+02

61.  -0.965E+02   0.611E+04   0.106E+02     -0.294E+02  -0.671E+02

62.  -0.106E+03   0.428E+04   0.759E+01     -0.397E+02  -0.661E+02

63.  -0.104E+03   0.394E+04   0.586E+01     -0.400E+02  -0.642E+02

64.  -0.943E+02   0.211E+04   0.258E+01     -0.407E+02  -0.536E+02

 END PART OF BAR.,GRAV.,MAGN.AND SEIS.LOAD (left supp.fixed)

  Forces at the bottom of the girder

  (Pr - radial, MdB - moment, Ps - shear,

   Pb1,Pb2 - forces in the submodule bolts)

 ________Pr___________MdB_________Ps____ _______Pb1________Pb2_____

 1.  -0.101E+03  -0.445E+05  -0.309E+02     -0.188E+03   0.864E+02

 2.  -0.113E+03  -0.334E+05  -0.265E+02     -0.159E+03   0.465E+02

 3.  -0.115E+03  -0.208E+05  -0.205E+02     -0.122E+03   0.675E+01

 4.  -0.105E+03  -0.100E+05  -0.160E+02     -0.835E+02  -0.218E+02

 5.  -0.103E+03  -0.168E+04  -0.135E+02     -0.567E+02  -0.464E+02

 6.  -0.108E+03   0.674E+04  -0.102E+02     -0.333E+02  -0.748E+02

 7.  -0.102E+03   0.668E+04  -0.112E+02     -0.304E+02  -0.715E+02

 8.  -0.879E+02  -0.955E+04  -0.223E+02     -0.734E+02  -0.146E+02

 9.  -0.845E+02  -0.135E+05  -0.265E+02     -0.838E+02  -0.723E+00

10.  -0.918E+02  -0.382E+05  -0.422E+02     -0.163E+03   0.716E+02

11.  -0.924E+02  -0.617E+05  -0.565E+02     -0.236E+03   0.144E+03

12.  -0.844E+02  -0.534E+05  -0.898E+02     -0.207E+03   0.122E+03

13.  -0.842E+02  -0.382E+05  -0.448E+02     -0.160E+03   0.753E+02

14.  -0.889E+02  -0.111E+05  -0.281E+02     -0.785E+02  -0.104E+02

15.  -0.801E+02   0.263E+04   0.176E+02     -0.320E+02  -0.482E+02

16.  -0.619E+02   0.294E+05  -0.420E+01      0.595E+02  -0.121E+03

17.  -0.549E+02   0.430E+05   0.362E+01      0.105E+03  -0.160E+03

18.  -0.574E+02   0.548E+05   0.110E+02      0.140E+03  -0.197E+03

19.  -0.515E+02   0.662E+05   0.191E+02      0.178E+03  -0.230E+03

20.  -0.347E+02   0.743E+05   0.248E+02      0.211E+03  -0.246E+03

21.  -0.259E+02   0.773E+05   0.271E+02      0.225E+03  -0.251E+03

22.  -0.255E+02   0.795E+05   0.298E+02      0.232E+03  -0.257E+03

23.  -0.148E+02   0.791E+05   0.315E+02      0.236E+03  -0.251E+03

24.   0.326E+01   0.731E+05   0.295E+02      0.227E+03  -0.223E+03

25.   0.103E+02   0.638E+05   0.253E+02      0.202E+03  -0.191E+03

26.   0.610E+01   0.542E+05   0.213E+02      0.170E+03  -0.164E+03

27.   0.880E+01   0.449E+05   0.184E+02      0.143E+03  -0.134E+03

28.   0.210E+02   0.332E+05   0.136E+02      0.113E+03  -0.918E+02

29.   0.238E+02   0.192E+05   0.681E+01      0.710E+02  -0.472E+02

30.   0.171E+02   0.574E+04   0.107E+01      0.262E+02  -0.911E+01

31.   0.197E+02  -0.676E+04  -0.361E+01     -0.110E+02   0.307E+02

32.   0.287E+02  -0.274E+05  -0.137E+02     -0.699E+02   0.987E+02

33.   0.262E+02  -0.326E+05  -0.152E+02     -0.873E+02   0.114E+03

34.   0.124E+02  -0.519E+05  -0.246E+02     -0.154E+03   0.166E+03

35.   0.502E+01  -0.617E+05  -0.278E+02     -0.187E+03   0.192E+03

36.   0.720E+01  -0.712E+05  -0.314E+02     -0.215E+03   0.223E+03

37.   0.218E+00  -0.800E+05  -0.353E+02     -0.246E+03   0.246E+03

38.  -0.158E+02  -0.852E+05  -0.366E+02     -0.270E+03   0.254E+03

39.  -0.219E+02  -0.870E+05  -0.355E+02     -0.279E+03   0.257E+03

40.  -0.205E+02  -0.883E+05  -0.349E+02     -0.282E+03   0.261E+03

41.  -0.297E+02  -0.883E+05  -0.341E+02     -0.287E+03   0.257E+03

42.  -0.493E+02  -0.843E+05  -0.308E+02     -0.284E+03   0.235E+03

43.  -0.609E+02  -0.744E+05  -0.234E+02     -0.259E+03   0.198E+03

44.  -0.615E+02  -0.614E+05  -0.149E+02     -0.220E+03   0.158E+03

45.  -0.696E+02  -0.474E+05  -0.676E+01     -0.181E+03   0.111E+03

46.  -0.851E+02  -0.284E+05   0.486E+01     -0.130E+03   0.448E+02

47.  -0.889E+02  -0.614E+04   0.186E+02     -0.634E+02  -0.256E+02

48.  -0.836E+02   0.161E+05   0.316E+02      0.772E+01  -0.913E+02

49.  -0.870E+02   0.396E+05   0.446E+02      0.784E+02  -0.165E+03

50.  -0.101E+03   0.767E+05   0.238E+02      0.186E+03  -0.286E+03

51.  -0.105E+03   0.968E+05   0.803E+02      0.245E+03  -0.350E+03

52.  -0.947E+02   0.131E+06   0.101E+03      0.357E+03  -0.451E+03

53.  -0.892E+02   0.153E+06   0.144E+03      0.426E+03  -0.515E+03

54.  -0.907E+02   0.150E+06   0.105E+03      0.417E+03  -0.507E+03

55.  -0.844E+02   0.111E+06   0.814E+02      0.300E+03  -0.384E+03

56.  -0.721E+02   0.712E+05   0.562E+02      0.183E+03  -0.255E+03

57.  -0.710E+02   0.675E+05   0.517E+02      0.172E+03  -0.243E+03

58.  -0.804E+02   0.497E+05   0.393E+02      0.113E+03  -0.193E+03

59.  -0.854E+02  -0.819E+05  -0.398E+02     -0.295E+03   0.209E+03

60.  -0.840E+02  -0.956E+05  -0.498E+02     -0.336E+03   0.252E+03

61.  -0.905E+02  -0.868E+05  -0.473E+02     -0.312E+03   0.222E+03

62.  -0.104E+03  -0.765E+05  -0.433E+02     -0.288E+03   0.183E+03

63.  -0.106E+03  -0.643E+05  -0.376E+02     -0.251E+03   0.145E+03

64.  -0.992E+02  -0.533E+05  -0.334E+02     -0.214E+03   0.114E+03
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STUDY OF 5 x M16 STRAP VERSION
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TECHNICAL VIABILITY STUDY FOR A SPECIAL VERSION OF THE OUTER RADIUS TILECAL EXTENDED BARREL STRAPS

Lluis Miralles. IFAE.
Abstract

The object of the present work is to study the technical viability of a special version of outer radius straps. These pieces are the connecting element between the main mechanical components of the Tilecal modules, girder and submodules.

1. Introduction
1.1 Element description

The straps are connecting pieces between the main mechanical components of the Tilecal extended barrel modules, girder and the submodules. The straps are welded to the submodules. In its standard outer radius version three threads M16 machined on the straps are providing the necessary connection for the bolted joint to the girder. See drawing ATLLEM_001 for joint details, and ATLLEMSK_002 for strap description.

The forces this bolted joint should transmit are maximum on the modules 10, 11 ,54 and 55 (J. Blocki numbering). In this cases the combined safety factor of the joint is below 2. The possibility of increasing the number of bolts for the straps of the submodules affected by these maximum forces on the modules mentioned above is investigated in this work. The Finite Element Modelling technique will be used for the study. The solution studied is characterised by  5 threads M16. See fig. 1 in figures annex.

It should be specially remarked that the object of this study is the stress state of the strap from the point of view of the number of threads, not the thread region itself. In any case, some qualitative conclusions can be extracted also about this region.  

2. Model description

2.1 Finite Element Model

The piece has been modelled as a 3D model using solid tetrahedrons. The total number of elements are 18530, the total number of nodes are 29138. The material has been specified as isotropic common steel. The mesh and the coordinate system are described in fig. 2. The software used for the model construction and analysis has been I-DEAS.

2.2 Model Restrains

The restrains applied to the model are described in the fig. 3. Displacement = 0 on Y direction (force direction) on the nodes on the contact surface between strap and girder. One additional node has been restrained in displacements in Z and X, as well as the rotation on Y, in order to avoid spurious displacements of the model.

2.3 Model Loads

The load case studied corresponds to a torque of 275 Nm on every bolt, resulting on a force/bolt of  95760 N. This force is applied to the model using nodal forces. All the nodes on the internal surface of the holes simulating the threads, and at a distance from 23 to 0.5 mm from the contact surface have nodal forces applied. The value of the nodal forces is equal for all of them, the number of nodes/hole is also the same. So, the total nodal forces are 912 and the value is 525 N. The total load applied is 478800 N. See fig. 4 for load case description.

2.4 Analysis type

Linear Analysis conditions have been applied for the calculations. So the results of the analysis are valid in the range of stresses for linear material behaviour. For the Fe 360, this range is from 0 to 242 N/mm^2. So, no quantitative  conclusions can be extracted for significant regions where the stress values are higher.

3. Results

Due to the fact that the piece is under a 3D-stress state, Von Misses Criteria has been chosen to evaluate the stresses. Y component of the stress is dominating the values and it could be also used for stress analysis, the fact that Von Misses stresses are not affected by sign (tension/compression) makes this criteria more attractive from the practical point of view. The Y stress component plots have been compared with the Von Misses plots in order to check the equivalence between them, Von Misses plots are given more conservative values because is taking in account the stress components values of the X,Z, YX,YZ, and XZ directions.

3.1 Stresses distributions

a) The stress plot in the fig.5 shows the general stresses distribution.

b) The stress plot in the fig.6 shows the stress distribution on a YZ section at the centre of the holes.

c) The stress plot in the fig. 7 shows the stress distribution on a XY section at the central hole.

3.2 Results analysis

a) The stresses on the piece are well below the yield limit of the material, 242 N/mm^2.

b) The maximum value, 677 N/mm^2 is affecting very few elements. At the border of the holes, close to the contact surface. 294 elements have stresses above 240 N/mm^2, 5 elements have stresses above 380 N/mm^2, ultimate limit of the material. All this elements are concentrated on the inner surface of the holes close the contact surface. The linear analysis is not valid in this region because the material is on the non-linear part of its behaviour.

c) The distribution of stresses is coherent with the predictions of the theory.

4. Conclusion

The version of a strap with 5 threads M16 is viable and this solution can be accepted.

5. Qualitative thread conclusions

The values and stresses distributions obtained are coherent with the model of behaviour assumed for the threads. Part of the threads is working between the yield limit and the ultimate limit. The bigger deformation of this region of the threads in front of the regions in linear behaviour, produces the transmission of forces to the last ones, as a result we have a sharing of forces between threads.

The model is also coherent with the results of the tests performed on the straps. The behaviour of the thread, as strong as the bolt, can be understood looking at the relatively small region in plastic regime in front of the elastic regime part of the thread. To confirm this point a non-linear material analysis should be performed, this kind of analysis is out of the scope of the present study.

FIGURES ANNEX

























