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1. Introduction

Over the last several years calculations have been performed to find the forces that are acting between modules and on the support saddles in the Barrel.  This paper examines these forces and calculates the stresses in the connections between modules.  In the Tilecalorimeter the modules are only connected at three points.  First, at the inner radius there is a bearing connection to support the force in the phi direction.  Second, at the outer radius there is a bearing connection in the phi direction and finally there is a bolted connection designed to withstand the radial load.  Each of these connections will be examined separately.  

2. FEA Model

An extensive three dimensional FEA model was created which modeled the connections between modules, the girder, submodules and the connection to the girder, the connections between the modules and the support saddles, and the support saddles.  Out of this analysis the forces between modules have been extracted.  Details of this analysis can be found in ANL Technical Report # ANL-HEP-TR-01-097, “Extended Barrel Support Saddle Design and Analysis”.  The largest forces between modules were found in load case C4 which had the following characteristics:

· The weight of the Barrel and cryostat was increased by 35% per Eurocode

· A seismic load in the X and Z direction of .15g was applied.

· The magnetic load was applied and increased by 35% per Eurocode.

· The Barrel was supported on the hydraulic jacks.  

· Module #’s begin at 1 at the 6 o’clock position and move counterclockwise

3. Forces Between Modules

The forces between modules are listed in Appendix 1 for the load case described above.  Force P1 is the bearing force at the inner radius, force P2 is the bearing force at the outer radius, and force Pt is the radial force at the outer radius.  The modules are numbered so that when the Barrel is viewed from the IP module #1 is at the bottom (6 o’clock position) and the module #’s move in a counter clockwise direction i.e. module 32 is at 3 o’clock.  

4. Inner Radius Bearing Connection

The bearing stress on the inner radius weld bars has been calculated and are listed in Appendix 2.  A 5mm wide bearing area of the weld bar is used in this calculation.  The force P1, which is the force per unit length, given above was used in this calculation.  

The maximum bearing stress occurs at the end of the Barrel in the 3 modules where the cryostat load is being applied, modules 15, 16, 17.  The bearing stress in these modules ranges from 244MPa to 248MPa.  An acceptable limit of the bearing stress is less than 240 MPa so this limit is just slightly exceeded.  
5. Connections Between Modules at the Outer Radius

The modules are connected together at the outer radius of the modules by a series of connecting plates.  The details of this connection and the forces acting on it are shown in Figure 1.  M30 bolts and 33mm diameter pins must resist tension and shearing forces at the outer radius.  At the bottom of the barrel the bearing force, P2, results in tension between the modules, this is resisted by replacing a portion of the M30 bolts with 33mm diameter pins in modules 1-6 and 58-64.  At the very top of the barrel the bearing force, P2, is also tension, however, this is much smaller than at the bottom so it will be resisted by generating a friction force by the M30 bolts.  In the remainder of the detector the bearing force, P2, is compression and this is resisted by the bearing surface between the outer radius of the modules. 

5.1 Bearing Force at Outer Radius.

The bearing force at the outer radius, P2, is distributed over a 37.5mm thick plate on the outer radius of the girder.  Therefore, the bearing stress can be simply calculated as P2/37.5mm and is listed in Appendix 3.  The positions that are blank are in tension and the force P2 in those locations are carried by a 33mm diameter pin below the saddle or friction above the saddle.  It can be seen that the bearing stresses are all small and within acceptable limits of 240MPa.  

5.2 Tension Connection at the Outer Radius

The tension force, P2, at the outer radius will be carried by 33mm diameter pins in the modules below the saddle (module #’s 1-6 and 58-64) and by friction throughout the remainder of the EB.  

The length of the module that a given set of 2 pins carries the force is 350mm.  According to EUROCODE 3, chapter 6.5, the maximum design load on the pin connection is the minimal of:
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where:

A = pin section

Fv = shear resistance per shear plane

fur = ultimate tensile strength of the pin

yMr = safety factor (1.25)

Fb = Bearing resistance

fu = ultimate tensile strength of the basis material

do = diameter of the pin hole

t = plate thickness

a = parameter (see ENV 1993-1-1, pag. 156)

Applying the above mentioned formulas we get the values:

Fv = 492 KN ; Fb = 355 kN

So, the design load per pin is 355 kN.  For a set of pins is 710 kN which is equivalent to 2,028 N/mm (710kN/350mm).  The force P2 is below this value everywhere.
5.3 Tension Connection Carried by Friction

In modules #7 to 57 the tension force at the outer radius, P2, is carried by friction.  The maximum tension force in these modules occurs at the front of module #33 and is 510N/mm.  Using a coefficient of friction of .2 a normal force of 2,550 N/mm can be calculated to be needed for this friction force.  There are two bolts for every 175mm of length so the normal force per bolt is:


Fbolt = [ (2,550 N/mm) * 175mm ] / 2 = 223 kN

The resulting normal force in the bolt is:  Fbolt / Area = 223 kN / 539mm^2 = 414MPa.  Using a safety factor of 1.5 yields a pre-stress of 620MPa.  Therefore, a pre-stress must be applied to every bolt of 620 MPa in order to achieve the required friction force.  
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Figure 1
Forces Acting on Connecting Plate

5.4 Calculation of the Girder/Link Plate Bolt Stresses


At a given connection between modules the force Pt is resisted as shown in Figure 1.   Solving for the forces on the bolts we find:
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A = 165mm


C = 125mm

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

The stress in the bolts is:
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F = bolt force (Fb1 or Fb2) increased by 25% per Eurocode


A = area of bolt = 539mm^2

The bolt normal stresses are shown in Appendix 4
A M30 class 10.9 bolt will be used which has a yield stress of 900 N/mm^2.  The maximum normal stress occurs in the front part of Module #11 on bolt Fb1 and is 491 MPa.  This is below the yield stress of the class 10.9 bolt so all of the normal stresses on the bolts are within acceptable limits.  

It had been planned to apply a pre-stress of 620 N/mm2 to the M30 bolts on the link plates in order to achieve the required friction force which is also well below the yield stress of the bolt.
The shear stress of the internal threads of the bolted connection are calculated by:
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F = bolt force (Fb1 or Fb2) increased by 25% per Eurocode


A = .87 * pi * D*L = 2,849 mm^2


D = minor diameter of the thread = 27.8mm


L = length of engagement = 37.5mm

The shears stresses on the internal threads are shown in Appendix 5
.  

The maximum allowable shear stress in the girder material is 138Mpa.  The thread shear stress is listed in Appendix 5 and the maximum shear stress in the threads is 93MPa which is below the allowable limit.  
6. Conclusion

This paper examined the forces between modules and the stresses at all of the connections between modules.  At every connection the stresses were well within acceptable limits.
Appendix 1

Forces Between Barrel Modules

	
	End 1
	Middle 1
	Center Saddles
	Middle 2
	End 2

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

	1
	254
	664
	-162
	243
	872
	-178
	319
	1,250
	-191
	388
	1,040
	-200
	355
	857
	-206

	2
	207
	680
	-175
	197
	811
	-192
	282
	1,270
	-208
	350
	966
	-216
	300
	854
	-224

	3
	151
	711
	-161
	146
	714
	-176
	241
	1,280
	-197
	308
	851
	-203
	237
	860
	-218

	4
	89
	755
	-133
	91
	555
	-144
	199
	1,250
	-196
	264
	643
	-177
	168
	867
	-196

	5
	28
	791
	65
	36
	364
	102
	156
	916
	301
	220
	280
	135
	96
	715
	128

	6
	0
	113
	177
	0
	234
	201
	136
	-808
	-6
	201
	-14
	238
	54
	-866
	271

	7
	0
	51
	409
	43
	127
	489
	155
	-761
	454
	226
	-177
	617
	94
	-702
	636

	8
	50
	74
	539
	117
	102
	640
	226
	-606
	650
	299
	-204
	800
	210
	-500
	838

	9
	188
	117
	556
	233
	125
	671
	346
	-431
	755
	423
	-159
	866
	403
	-323
	916

	10
	367
	157
	479
	365
	162
	584
	486
	-271
	671
	568
	-88
	766
	630
	-186
	813

	11
	536
	188
	409
	487
	201
	492
	614
	-131
	554
	705
	-9
	629
	839
	-76
	665

	12
	675
	211
	337
	589
	241
	401
	717
	-12
	444
	816
	71
	495
	1,000
	17
	520

	13
	785
	227
	246
	670
	276
	289
	796
	86
	314
	901
	144
	346
	1,120
	94
	363

	14
	863
	238
	173
	729
	304
	199
	849
	163
	209
	958
	207
	223
	1,200
	157
	231

	15
	911
	243
	121
	766
	327
	133
	878
	224
	130
	989
	262
	127
	1,230
	211
	127

	16
	938
	243
	73
	786
	345
	73
	888
	273
	58
	999
	309
	42
	1,240
	254
	34

	17
	948
	242
	-1
	791
	356
	-14
	883
	310
	-39
	991
	346
	-66
	1,220
	290
	-78

	18
	935
	233
	-70
	780
	357
	-93
	860
	331
	-126
	965
	369
	-163
	1,180
	317
	-177

	19
	898
	222
	-110
	751
	351
	-140
	819
	343
	-179
	918
	383
	-223
	1,110
	335
	-240

	20
	844
	206
	-142
	709
	341
	-178
	764
	347
	-221
	857
	391
	-269
	1,010
	348
	-290

	21
	779
	189
	-188
	658
	324
	-229
	701
	343
	-275
	786
	391
	-327
	913
	357
	-346

	22
	702
	169
	-209
	596
	304
	-253
	629
	334
	-300
	705
	386
	-352
	798
	360
	-372

	23
	614
	149
	-206
	528
	282
	-250
	550
	322
	-296
	617
	378
	-347
	675
	362
	-368

	24
	526
	129
	-195
	458
	261
	-237
	470
	309
	-281
	528
	369
	-330
	555
	362
	-351

	25
	443
	109
	-194
	390
	241
	-234
	395
	296
	-274
	443
	360
	-319
	444
	361
	-339

	26
	365
	90
	-202
	324
	219
	-240
	322
	280
	-276
	361
	349
	-316
	341
	360
	-331

	27
	285
	72
	-183
	259
	198
	-215
	252
	265
	-246
	282
	338
	-280
	244
	359
	-293

	28
	210
	54
	-159
	197
	179
	-185
	186
	251
	-209
	208
	329
	-236
	158
	358
	-247

	29
	146
	38
	-150
	141
	161
	-172
	130
	238
	-189
	143
	320
	-209
	90
	358
	-214

	30
	88
	24
	-121
	92
	146
	-137
	80
	227
	-147
	85
	313
	-158
	38
	361
	-160

	31
	39
	13
	-73
	49
	135
	-81
	39
	220
	-83
	37
	310
	-86
	4
	368
	-85

	32
	7
	5
	-24
	17
	132
	-22
	12
	220
	-17
	1
	315
	-12
	0
	379
	-8

	33
	0
	9
	8
	0
	135
	19
	0
	221
	31
	0
	314
	45
	0
	375
	52

	34
	0
	22
	25
	0
	145
	41
	0
	227
	61
	0
	316
	82
	0
	368
	96

	35
	6
	36
	62
	15
	157
	86
	13
	235
	112
	21
	319
	140
	0
	363
	156

	36
	25
	52
	97
	39
	174
	127
	37
	246
	159
	51
	325
	194
	6
	360
	211

	37
	59
	69
	107
	73
	191
	140
	73
	257
	177
	93
	332
	219
	38
	360
	240

	38
	101
	88
	129
	113
	209
	166
	117
	269
	208
	145
	339
	254
	88
	359
	276

	39
	151
	108
	164
	159
	231
	204
	169
	282
	249
	205
	347
	298
	153
	359
	320

	40
	212
	129
	192
	213
	255
	236
	229
	297
	281
	274
	358
	332
	236
	359
	353

	41
	285
	152
	197
	275
	279
	240
	299
	312
	286
	353
	367
	338
	337
	358
	358

	42
	365
	173
	179
	341
	300
	219
	374
	321
	264
	436
	372
	315
	449
	353
	335

	43
	442
	194
	175
	406
	319
	212
	448
	326
	255
	519
	372
	302
	561
	345
	318

	44
	516
	213
	165
	469
	336
	197
	520
	327
	234
	599
	368
	274
	672
	332
	286

	45
	588
	229
	127
	530
	348
	149
	590
	319
	179
	677
	356
	211
	782
	314
	220

	46
	650
	243
	99
	584
	355
	111
	652
	302
	131
	747
	335
	153
	881
	290
	156

	47
	699
	255
	78
	630
	357
	81
	705
	276
	91
	806
	308
	100
	965
	258
	95

	48
	739
	263
	52
	668
	358
	43
	750
	240
	39
	854
	275
	33
	1,040
	216
	19

	49
	771
	267
	2
	699
	354
	-22
	786
	190
	-41
	892
	233
	-64
	1,100
	165
	-88

	50
	787
	265
	-69
	719
	343
	-112
	807
	123
	-147
	913
	182
	-189
	1,130
	102
	-221

	51
	778
	257
	-123
	721
	330
	-185
	809
	37
	-237
	913
	126
	-301
	1,140
	23
	-345

	52
	744
	241
	-175
	707
	318
	-257
	791
	-66
	-337
	890
	72
	-422
	1,110
	-73
	-478

	53
	686
	216
	-234
	678
	309
	-325
	752
	-170
	-389
	844
	32
	-495
	1,040
	-179
	-554

	54
	601
	194
	-219
	632
	321
	-288
	690
	-249
	-274
	776
	35
	-411
	934
	-300
	-453

	55
	513
	192
	-154
	581
	381
	-192
	624
	-299
	-130
	706
	117
	-253
	823
	-438
	-267

	56
	460
	248
	-119
	544
	510
	-126
	580
	-259
	-41
	659
	322
	-109
	755
	-549
	-106

	57
	452
	905
	-157
	525
	652
	-165
	563
	1,130
	-200
	641
	612
	-170
	733
	927
	-190

	58
	457
	894
	-174
	508
	787
	-199
	552
	1,500
	-204
	631
	923
	-222
	717
	1,130
	-206

	59
	450
	821
	-168
	478
	898
	-190
	524
	1,500
	-194
	602
	1,080
	-211
	670
	1,070
	-202

	60
	433
	764
	-165
	446
	951
	-184
	494
	1,430
	-190
	571
	1,150
	-205
	620
	1,010
	-200

	61
	413
	721
	-185
	412
	966
	-204
	464
	1,370
	-212
	539
	1,160
	-225
	573
	962
	-221

	62
	382
	691
	-189
	374
	959
	-208
	430
	1,310
	-217
	504
	1,150
	-228
	521
	925
	-225

	63
	342
	671
	-176
	331
	941
	-194
	393
	1,280
	-204
	465
	1,120
	-214
	464
	892
	-214


Appendix 2

Inner Radius Bearing Force

	Module #
	End1
	Middle1
	Center
	Middle2
	End2

	1
	50.80
	48.60
	63.80
	77.60
	71.00

	2
	41.40
	39.40
	56.40
	70.00
	60.00

	3
	30.20
	29.20
	48.20
	61.60
	47.40

	4
	17.86
	18.24
	39.80
	52.80
	33.60

	5
	5.54
	7.18
	31.20
	44.00
	19.12

	6
	0.00
	0.00
	27.20
	40.20
	10.84

	7
	0.00
	8.66
	31.00
	45.20
	18.84

	8
	9.94
	23.40
	45.20
	59.80
	42.00

	9
	37.60
	46.60
	69.20
	84.60
	80.60

	10
	73.40
	73.00
	97.20
	113.60
	126.00

	11
	107.20
	97.40
	122.80
	141.00
	167.80

	12
	135.00
	117.80
	143.40
	163.20
	200.00

	13
	157.00
	134.00
	159.20
	180.20
	224.00

	14
	172.60
	145.80
	169.80
	191.60
	240.00

	15
	182.20
	153.20
	175.60
	197.80
	246.00

	16
	187.60
	157.20
	177.60
	199.80
	248.00

	17
	189.60
	158.20
	176.60
	198.20
	244.00

	18
	187.00
	156.00
	172.00
	193.00
	236.00

	19
	179.60
	150.20
	163.80
	183.60
	222.00

	20
	168.80
	141.80
	152.80
	171.40
	202.00

	21
	155.80
	131.60
	140.20
	157.20
	182.60

	22
	140.40
	119.20
	125.80
	141.00
	159.60

	23
	122.80
	105.60
	110.00
	123.40
	135.00

	24
	105.20
	91.60
	94.00
	105.60
	111.00

	25
	88.60
	78.00
	79.00
	88.60
	88.80

	26
	73.00
	64.80
	64.40
	72.20
	68.20

	27
	57.00
	51.80
	50.40
	56.40
	48.80

	28
	42.00
	39.40
	37.20
	41.60
	31.60

	29
	29.20
	28.20
	26.00
	28.60
	17.90

	30
	17.60
	18.32
	16.02
	17.08
	7.52

	31
	7.82
	9.76
	7.84
	7.46
	0.85

	32
	1.35
	3.38
	2.32
	0.29
	0.00

	33
	0.00
	0.00
	0.00
	0.00
	0.00

	34
	0.00
	0.00
	0.00
	0.00
	0.00

	35
	1.24
	3.00
	2.68
	4.18
	0.00

	36
	4.98
	7.72
	7.44
	10.14
	1.10

	37
	11.80
	14.50
	14.66
	18.68
	7.66

	38
	20.20
	22.60
	23.40
	29.00
	17.66

	39
	30.20
	31.80
	33.80
	41.00
	30.60

	40
	42.40
	42.60
	45.80
	54.80
	47.20

	41
	57.00
	55.00
	59.80
	70.60
	67.40

	42
	73.00
	68.20
	74.80
	87.20
	89.80

	43
	88.40
	81.20
	89.60
	103.80
	112.20

	44
	103.20
	93.80
	104.00
	119.80
	134.40

	45
	117.60
	106.00
	118.00
	135.40
	156.40

	46
	130.00
	116.80
	130.40
	149.40
	176.20

	47
	139.80
	126.00
	141.00
	161.20
	193.00

	48
	147.80
	133.60
	150.00
	170.80
	208.00

	49
	154.20
	139.80
	157.20
	178.40
	220.00

	50
	157.40
	143.80
	161.40
	182.60
	226.00

	51
	155.60
	144.20
	161.80
	182.60
	228.00

	52
	148.80
	141.40
	158.20
	178.00
	222.00

	53
	137.20
	135.60
	150.40
	168.80
	208.00

	54
	120.20
	126.40
	138.00
	155.20
	186.80

	55
	102.60
	116.20
	124.80
	141.20
	164.60

	56
	92.00
	108.80
	116.00
	131.80
	151.00

	57
	90.40
	105.00
	112.60
	128.20
	146.60

	58
	91.40
	101.60
	110.40
	126.20
	143.40

	59
	90.00
	95.60
	104.80
	120.40
	134.00

	60
	86.60
	89.20
	98.80
	114.20
	124.00

	61
	82.60
	82.40
	92.80
	107.80
	114.60

	62
	76.40
	74.80
	86.00
	100.80
	104.20

	63
	68.40
	66.20
	78.60
	93.00
	92.80

	64
	59.60
	57.40
	71.00
	85.20
	81.60


Appendix 3

Outer Radius Bearing Stress

	Module #
	End1
	Middle1
	Center
	Middle2
	End2

	6
	Tension
	Tension
	-21.55
	-0.37
	-23.09

	7
	Tension
	Tension
	-20.29
	-4.72
	-18.72

	8
	Tension
	Tension
	-16.16
	-5.44
	-13.33

	9
	Tension
	Tension
	-11.49
	-4.24
	-8.61

	10
	Tension
	Tension
	-7.23
	-2.34
	-4.96

	11
	Tension
	Tension
	-3.49
	-0.24
	-2.02

	12
	Tension
	Tension
	-0.31
	Tension
	Tension

	52
	Tension
	Tension
	-1.75
	1.92
	-1.96

	53
	Tension
	Tension
	-4.53
	0.85
	-4.77

	54
	Tension
	Tension
	-6.64
	0.93
	-8.00

	55
	Tension
	Tension
	-7.97
	3.12
	-11.68

	56
	Tension
	Tension
	-6.91
	8.59
	-14.64


Appendix 4

Normal Stress in Girder Bolts

	Module #
	End1
	Middle1
	Center
	Middle2
	End2

	1
	-162.30
	-178.33
	-191.35
	-200.37
	-206.38

	2
	-175.32
	-192.36
	-208.39
	-216.40
	-224.42

	3
	-161.30
	-176.33
	-197.37
	-203.38
	-218.40

	4
	-133.25
	-144.27
	-196.36
	-177.33
	-196.36

	5
	65.52
	102.19
	301.56
	135.25
	128.24

	6
	177.33
	201.37
	-5.51
	238.44
	271.50

	7
	219.11
	261.96
	243.21
	330.54
	340.71

	8
	288.75
	342.86
	348.21
	428.57
	448.93

	9
	297.86
	359.46
	404.46
	463.93
	490.71

	10
	256.61
	312.86
	359.46
	410.36
	435.54

	11
	219.11
	263.57
	296.79
	336.96
	356.25

	12
	180.54
	214.82
	237.86
	265.18
	278.57

	13
	131.79
	154.82
	168.21
	185.36
	194.46

	14
	92.68
	106.61
	111.96
	119.46
	123.75

	15
	64.82
	71.25
	69.64
	68.04
	68.04

	16
	38.89
	39.16
	31.13
	22.50
	18.16

	17
	-0.79
	-7.55
	-20.89
	-35.46
	-41.73

	18
	-37.39
	-50.04
	-67.50
	-87.32
	-94.82

	19
	-58.93
	-75.00
	-95.89
	-119.46
	-128.57

	20
	-76.07
	-95.36
	-118.39
	-144.11
	-155.36

	21
	-100.71
	-122.68
	-147.32
	-175.18
	-185.36

	22
	-111.96
	-135.54
	-160.71
	-188.57
	-199.29

	23
	-110.36
	-133.93
	-158.57
	-185.89
	-197.14

	24
	-104.46
	-126.96
	-150.54
	-176.79
	-188.04

	25
	-103.93
	-125.36
	-146.79
	-170.89
	-181.61

	26
	-108.21
	-128.57
	-147.86
	-169.29
	-177.32

	27
	-98.04
	-115.18
	-131.79
	-150.00
	-156.96

	28
	-85.18
	-99.11
	-111.96
	-126.43
	-132.32

	29
	-80.36
	-92.14
	-101.25
	-111.96
	-114.64

	30
	-64.82
	-73.39
	-78.75
	-84.64
	-85.71

	31
	-39.11
	-43.13
	-44.57
	-45.91
	-45.43

	32
	-13.02
	-11.79
	-9.16
	-6.16
	-4.28

	33
	4.07
	10.18
	16.71
	23.89
	27.91

	34
	13.55
	22.18
	32.57
	43.93
	51.27

	35
	33.38
	45.91
	60.00
	75.00
	83.57

	36
	51.91
	68.04
	85.18
	103.93
	113.04

	37
	57.32
	75.00
	94.82
	117.32
	128.57

	38
	69.11
	88.93
	111.43
	136.07
	147.86

	39
	87.86
	109.29
	133.39
	159.64
	171.43

	40
	102.86
	126.43
	150.54
	177.86
	189.11

	41
	105.54
	128.57
	153.21
	181.07
	191.79

	42
	95.89
	117.32
	141.43
	168.75
	179.46

	43
	93.75
	113.57
	136.61
	161.79
	170.36

	44
	88.39
	105.54
	125.36
	146.79
	153.21

	45
	68.04
	79.82
	95.89
	113.04
	117.86

	46
	52.77
	59.46
	70.18
	81.96
	83.57

	47
	41.89
	43.39
	48.70
	53.57
	50.79

	48
	27.80
	22.77
	20.95
	17.73
	9.96

	49
	1.32
	-11.95
	-21.70
	-34.34
	-46.93

	50
	-36.80
	-60.00
	-78.75
	-101.25
	-118.39

	51
	-65.89
	-99.11
	-126.96
	-161.25
	-184.82

	52
	-93.75
	-137.68
	-180.54
	-226.07
	-256.07

	53
	-125.36
	-174.11
	-208.39
	-265.18
	-296.79

	54
	-117.32
	-154.29
	-146.79
	-220.18
	-242.68

	55
	-82.50
	-102.86
	-69.64
	-135.54
	-143.04

	56
	-63.75
	-67.50
	-22.02
	-58.39
	-56.79

	57
	-84.11
	-88.39
	-107.14
	-91.07
	-101.79

	58
	-174.32
	-199.37
	-204.38
	-222.41
	-206.38

	59
	-168.31
	-190.35
	-194.36
	-211.39
	-202.37

	60
	-165.31
	-184.34
	-190.35
	-205.38
	-200.37

	61
	-185.34
	-204.38
	-212.39
	-225.42
	-221.41

	62
	-189.35
	-208.39
	-217.40
	-228.42
	-225.42

	63
	-176.33
	-194.36
	-204.38
	-214.40
	-214.40


Appendix 5

Thread Shear Stresses in Girder
	Module #
	End1
	Middle1
	Center
	Middle2
	End2

	1
	-30.71
	-33.74
	-36.20
	-37.91
	-39.05

	2
	-33.17
	-36.39
	-39.42
	-40.94
	-42.46

	3
	-30.52
	-33.36
	-37.34
	-38.48
	-41.32

	4
	-25.21
	-27.29
	-37.15
	-33.55
	-37.15

	5
	12.40
	19.33
	57.05
	25.59
	24.26

	6
	33.55
	38.10
	-1.04
	45.11
	51.37

	7
	41.45
	49.56
	46.01
	62.53
	64.46

	8
	54.63
	64.86
	65.88
	81.08
	84.93

	9
	56.35
	68.01
	76.52
	87.77
	92.84

	10
	48.55
	59.19
	68.01
	77.64
	82.40

	11
	41.45
	49.86
	56.15
	63.75
	67.40

	12
	34.16
	40.64
	45.00
	50.17
	52.70

	13
	24.93
	29.29
	31.82
	35.07
	36.79

	14
	17.53
	20.17
	21.18
	22.60
	23.41

	15
	12.26
	13.48
	13.18
	12.87
	12.87

	16
	7.36
	7.41
	5.89
	4.26
	3.44

	17
	-0.15
	-1.43
	-3.95
	-6.71
	-7.90

	18
	-7.07
	-9.47
	-12.77
	-16.52
	-17.94

	19
	-11.15
	-14.19
	-18.14
	-22.60
	-24.32

	20
	-14.39
	-18.04
	-22.40
	-27.26
	-29.39

	21
	-19.05
	-23.21
	-27.87
	-33.14
	-35.07

	22
	-21.18
	-25.64
	-30.41
	-35.68
	-37.70

	23
	-20.88
	-25.34
	-30.00
	-35.17
	-37.30

	24
	-19.76
	-24.02
	-28.48
	-33.45
	-35.57

	25
	-19.66
	-23.72
	-27.77
	-32.33
	-34.36

	26
	-20.47
	-24.32
	-27.97
	-32.03
	-33.55

	27
	-18.55
	-21.79
	-24.93
	-28.38
	-29.70

	28
	-16.11
	-18.75
	-21.18
	-23.92
	-25.03

	29
	-15.20
	-17.43
	-19.16
	-21.18
	-21.69

	30
	-12.26
	-13.89
	-14.90
	-16.01
	-16.22

	31
	-7.40
	-8.16
	-8.43
	-8.69
	-8.59

	32
	-2.46
	-2.23
	-1.73
	-1.17
	-0.81

	33
	0.77
	1.93
	3.16
	4.52
	5.28

	34
	2.56
	4.20
	6.16
	8.31
	9.70

	35
	6.31
	8.69
	11.35
	14.19
	15.81

	36
	9.82
	12.87
	16.11
	19.66
	21.39

	37
	10.84
	14.19
	17.94
	22.20
	24.32

	38
	13.07
	16.82
	21.08
	25.74
	27.97

	39
	16.62
	20.68
	25.24
	30.20
	32.43

	40
	19.46
	23.92
	28.48
	33.65
	35.78

	41
	19.97
	24.32
	28.99
	34.26
	36.28

	42
	18.14
	22.20
	26.76
	31.93
	33.95

	43
	17.74
	21.49
	25.84
	30.61
	32.23

	44
	16.72
	19.97
	23.72
	27.77
	28.99

	45
	12.87
	15.10
	18.14
	21.39
	22.30

	46
	9.98
	11.25
	13.28
	15.51
	15.81

	47
	7.93
	8.21
	9.21
	10.14
	9.61

	48
	5.26
	4.31
	3.96
	3.35
	1.89

	49
	0.25
	-2.26
	-4.10
	-6.50
	-8.88

	50
	-6.96
	-11.35
	-14.90
	-19.16
	-22.40

	51
	-12.47
	-18.75
	-24.02
	-30.51
	-34.97

	52
	-17.74
	-26.05
	-34.16
	-42.77
	-48.45

	53
	-23.72
	-32.94
	-39.43
	-50.17
	-56.15

	54
	-22.20
	-29.19
	-27.77
	-41.66
	-45.91

	55
	-15.61
	-19.46
	-13.18
	-25.64
	-27.06

	56
	-12.06
	-12.77
	-4.17
	-11.05
	-10.74

	57
	-15.91
	-16.72
	-20.27
	-17.23
	-19.26

	58
	-32.98
	-37.72
	-38.67
	-42.08
	-39.05

	59
	-31.84
	-36.01
	-36.77
	-39.99
	-38.29

	60
	-31.27
	-34.88
	-36.01
	-38.86
	-37.91

	61
	-35.06
	-38.67
	-40.18
	-42.65
	-41.89

	62
	-35.82
	-39.42
	-41.13
	-43.22
	-42.65

	63
	-33.36
	-36.77
	-38.67
	-40.56
	-40.56
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