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Horn WegHT

F, ) a1 = 48000 Ibs

F, rone =-19920 Ibs
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Max Deflection = 0.0795 inch
Max Bending Stress = 3380 psi

R, = 12392 Ibs

e “’

R, = 11608 Ibs
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CARRIAGE Owny WEIGHT

G, = 425 in/sec”
Total Support Structure Weight = 17985 Ibs

R, = 4490 Ibs

Max Deflection = 0.0153 inch
Max Bending Stress = 603 psi

P

R, = 4503 Ibs

7150106 22 | /?a/ﬂ?ed)amw Model and Results A An //5/'5 \An\/ys 4//4/
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APPENDIX A
Pro/Mechanica Analysis Ouput File

Carriage Structure Subjected to Horn Weight

g



Anyls4lB.rpt
Pro/MECHANICA STRUCTURE Version 21.0(74)
Summary for Design Study "Anyls41B*
Fri Sep 08, 2000 16:23:22

Run Settings

Memory allocation for block solver: 48.0

Generate elements automatically.
Not all of the materials assigned to the model contain
failure data. Failure Index measures will only be
calculated for materials with failure data.
No errors were found in the model.

Pro/MECHANICA Structure Model Summary

Principal System of Units: Inch Pound Second. (IPS)

Length: in
Force: 1bf
Time: sec
Temperature: F

Model Type: Three Dimensional

Points: 1192
Edges: 5900
Faces: 8300
Springs: 0
Masses: 0
Beams: v 0
Shells: 0
Solids: 3591
Elements: 3591

Standard Design Study
Static Analysis "Anyls41B":

Convergence Method: Single-Pass Adaptive

Plotting Grid: 4
Convergence Loop Log: (16:24:17)
>> Pass 1 <<
Calculating Element Equations . (16:24:19)
Total Number of Equations: 63601
Maximum Edge Order: 3
Page 1
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Anyls4lB.rpt 3

Solving Equations (16:24:44)
Checking Convergence (16:27:40)
Resource Check (16:28:08)
Elapsed Time (sec): 288.75
CPU Time (sec): 169.95
Memory Usage (kb) : 171669
Wrk Dir Dsk Usage (kb): 193536
>> Pass 2 <<
Calculating Element Equations (16:28:12)
Total Number of Equations: = 71617
Maximum Edge Order: 7
Solving Equations (16:29:10)
Calculating Disp and Stress Results (16:32:03)
Checking Convergence (16:34:11)
Resource Check (16:34:52)
Elapsed Time (sec): 692.97
CPU Time (sec): 345.36
Memory Usage (kb) : 213788
Wrk Dir Dsk Usage (kb): 234496

RMS Stress Error Estimates:

Load Set ’ Stress Error % of Max Prin Str

Horn_Weight" 1.64e+02 0.6% of 2.90e+04
Total Mass of Model: 2.115930e+01
Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:

Ixx: 1.53874e+05
Ixy: -2.39503e+03 Iyy: 1.63106e+05
Ixz: 9.85989e-13 1Iyz: 2.06724e-12 1Izz: 1.55804e+04

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin

1.63690e+05 1.53290e+05 1.55804e+04
WCS X: -2.37038e-01 9.71500e-01 0.00000e+00
WCS Y: 9.71500e-01 2.37038e-01 0.00000e+00
WCS Z: 0.00000e+00 0.00000e+00 1.00000e+00

Center of Mass Location Relative to WCS Origin:
( 8.49683e+00, 7.48260e+00, 1.23184e-01)

Mass Moments of Inertia about the Center of Mass:

Ixx: 1.52689e+05
Page 2

A2



Anyls4lB.rpt
1.61578e+05
1.95033e+01

-1.04976e+03
2.21468e+01

Iyy:
Iyz:

Ixy:
Ixz:

Izz:

|4

4
1.2868l1le+04

Principal MMOI and Principal Axes Relative to COM:

Mid Prin
1.52567e+05

Max Prin
1.61700e+05

WCS X: -1.15714e-01 9.93283e-01
WCS Y: 9.93283e-01 1.15714e-01
WCS Z: 1.12943e-04 1.73623e-04

Constraint Set: constraint2

Load Set: Horn_Weight

Resultant Load on Model:

in global X direction:
;in global Y direction:

-2.259100e-08
-2.400000e+04

in global Z direction:

8.517926e-08

Min Prin
1.28681le+04

-1.59387e-04
-1.32275e-04
1.00000e+00

Measures:

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag: 7.947461le-02
max_disp_xX: 6.952019e-03
max_disp_y: -7.878064e-02
max_disp_z: 2.508057e-02
max_prin_mag: -2.903142e+04
max_rot_mag: 0.000000e+00
max_rot_x: 0.000000e+00
max_rot_v: 0.000000e+00
max_rot_z: 0.000000e+00
max_stress_prin: 1.441452e+04
max_stress_vm: 2.165913e+04
max_stress_xx: -1.529881e+04
max_stress_xy: 6.588849e+03
max_stress_xz: 2.061446e+03
max_stress_yy: -2.554252e+04
max_stress_yz: -7.601375e+03
max_stress_zz: -1.433819e+04
min stress_prin: -2.903142e+04
strain_energy: 8.285429e+02
Ry_Back: 1.239168e+04 .
Ry_Front: 1.160832e+04

Analysis "Anyls41lB" Completed (16:34:55)
Page 3



Anyls41B.rpt .
Memory and Disk Usage:

Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 48.0

Total Elapsed Time (seconds): 695.95

Total CPU Time (seconds): 346.89

Maximum Memory Usage (kilobytes): 213788
Working Directory Disk Usage (kilobytes): 234496

Results Directory Size (kilobytes):
36142 .\Anyls4lB

Maximum Data Base Working File Sizes (kilobytes):
146432 .\Anyls41B.tmp\kblkl.bas

70656 .\Anyls4l1lB.tmp\kell.bas

2048 .\Anylsd41B.tmp\kpakl.bas

15360 .\Anyls4lB.tmp\oell.bas

Run Completed
Fri Sep 08, 2000 16:34:56

e - ———————— A > - - . ——— T S . A A e Y G G - —— — —— — ——— — ———— - - — -
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APPENDIX B
Pro/Mechanica Analysis Ouput File

Carriage Structure Subjected to its Own Weight



anlys4lA.rpt »
Pro/MECHANICA STRUCTURE Version 21.0(74) ‘
Summary for Design Study "anlys4lA"
Fri Sep 08, 2000 13:12:40

Run Settings

Memory allocation for block solver: 48.0

Generate elements automatically.
Not all of the materials assigned to the model contain
failure data. Failure Index measures will only be
calculated for materials with failure data.
No errors were found in the model.

Pro/MECHANICA Structure Model Summary

Principal System of Units: Inch Pound Second (IPS)

Length: in
Force: 1bf
Time: sec
Temperature: F

Model Type: Three Dimensional

Points: 1192
Edges: 5900
Faces: 8300
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 3591
Elements: 3591

Standard Design Study
Static Analysis "anlys41lA":

Convergence Method: Single-Pass Adaptive

Plotting Grid: 4
Convergence Loop Log: (13:14:44)
>> Pass. 1 <<
Calculating Element Equations (13:14:45)
Total Number of Equations: 63601
Maximum Edge Order: 3
Page 1
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anlys4lA.rpt »

Solving Equations (13:15:10)
Checking Convergence (13:18:05)
Resource Check (13:18:30)
Elapsed Time (sec): 352.30
CPU Time (sec): 247.16
Memory Usage (kb) : 173525
Wrk Dir Dsk Usage (kb): 193536
>> Pass 2 <<
Calculating Element Equations ' (13:18:33)
Total Number of Equations: 72832
Maximum Edge Order: 7
Solving Equations - (13:19:44)
Calculating Disp and Stress Results (13:22:46)
Checking Convergence (13:25:32)
Resource Check (13:26:06)
Elapsed Time (sec): 808.08
CPU Time (sec) : 455.16
Memory Usage (kb): 217884
Wrk Dir Dsk Usage (kb): 238592

RMS Stress Error Estimates:

Load Set Stress Error % of Max Prin Str

Gravity 4.57e+01 0.5% of 8.66e+03

Total Mass of Model: 2.115930e+01

Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:

Ixx: 1.53874e+05
Ixy: -2.39503e+03 Iyy: 1.63106e+05
Ixz: 9.85989e-13 1Iyz: 2.06724e-12 TIzz: 1.55804e+04

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin ' Min Prin

1.63690e+05 1.53290e+05 1.55804e+04
WCS X:‘—2.370388—01 9.71500e-01 0.00000e+00
WCS Y: 9.71500e-01 2.37038e-01 0.00000e+00
WCS Z: 0.00000e+00 0.00000e+00 1.00000e+00

Center of Mass Location Relative to WCS Origin:
( 8.49683e+00, 7.48260e+00, 1.23184e-01)

Mass Moments of Inertia about the Center of Mass:

Ixx: 1.52689e+05
' Page 2
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anlys4lA.xrpt

-1.04976e+03
2.21468e+01

Ivy:
Iyz:

Ixy:
Ixz:

1.61578e+05
1.95033e+01

L
1.28681e+04

Principal MMOI and Principal Axes Relative to COM:

Max Prin
1.61700e+05

WCS X: -1.15714e-01
WCS Y: 9.93283e-01
WCS Z: 1.12943e-04

Constraint Set: consﬁraintz

Load Set: Gravity

=0

Mid Prin

1.52567e+05

.93283e-01
.15714e-01
.73623e-04

Resultant Load on Model:

in global X direction:
in global Y direction:

-1.294346e-08

-8.992704e+03

in global Z direction:

1.650358e-U8

Min Prin
1.2868le+04

~-1.59387e-04
-1.32275e-04
1.00000e+00

Measures:

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag: 1.533830e-02
max_disp_x: 2.149859e-03
max_disp_v: -1.516392e-02
max_disp_z: 3.449381e-03
max_prin_mag: -8.662153e+03
max_rot_mag: 0.000000e+00
max_rot_x: 0.000000e+00
max_xot_y: 0.000000e+00
max_rot_z: 0.000000e+00
max_stress_prin: 3.941549e+03
max_stress_vm: 6.093570e+03
max_stress_xx: -4.428541e+03
max_stress_xy: 1.849800e+03
max_stress_xz: 6.080232e+02
max_stress_vy: -7.735667e+03
max_stress_vz: -2.136818e+03
max_stress_zz: -3.955425e+03
min_stress_prin: -8.662153e+03
strain_energy: 3.891447e+01
Ry_Back: 4.490108e+03 .
Ry_Front: 4.502596e+03

Analysis "anlys41lA" Completed (13:26:08)
Page 3



anlys4lA.rpt p
Memory and Disk Usage:

Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 48.0

Total Elapsed Time (seconds): 811.08

Total CPU Time (seconds): 456.70

Maximum Memory Usage (kilobytes): 217884
Working Directory Disk Usage (kilobytes): 238592

Results Directory Size (kilobytes):
36192 .\anlys4lA

Maximum Data Base Working File Sizes (kilobytes):
148480 .\anlys4lA.tmp\kblkl.bas

72704 .\anlys4lA.tmp\kell.bas

2048 .\anlys4lA.tmp\kpakl.bas

15360 .\anlys4lA.tmp\oell.bas

Run Completed
Fri Sep 08, 2000 13:26:09
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APPENDIX C
Pro/Mechanica Analysis Ouput File

Single Longitudinal Beam Subjectéd to Horn Weight



Longit_Beam_B.rpt
Pro/MECHANICA STRUCTURE Version 21.0(74)
Summary for Design Study "Longit_Beam_B"
Mon Oct 09, 2000 09:41:28

Run Settings

Memory allocation for block solver: 48.0

Generate elements automatically.
Not all of the materials assigned to the model contain
failure data. Failure Index measures will only be
calculated for materials with failure data.
No errors were found in the model.

Pro/MECHANICA Structure Model Summary

Principal System of Units: Inch Pound Second (IPS)

Length: in
Force: 1bf
Time': sec
Temperature: F

Model Type: Three Dimensional

Points: 667
Edges: 3299
Faces: 4647
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 2014
Elements: 2014

Standard Design Study
Static Analysis "Longit_Beam_B":

Convergence Method: Single-Pass Adaptive

Plotting Grid: 4
Convergence Loop Log: | (09:43:08)
>> Pass 1 <<
Calculating Element Equations (09:43:09)
Page 1
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Longit_Beam_B.rpt i

Total Number of Equations: 35410
Maximum Edge Order: 3
Solving Equations (09:43:21)
Checking Convergence (09:44:27)
Resource Check (09:44:42)
Elapsed Time (sec): 194.97
CPU Time (sec): 161.74
Memory Usage (kb) : 134139
Wrk Dir Dsk Usage (kb): 104448
>> Pass 2 << )
Calculating Element Equations (09:44:43)
Total Number of Equations: 38926
Maximum Edge Order: 7
Solving Equations ' (09:44:54)
Calculating Disp and Stress Results (09:45:47)
Checking Convergence (09:46:40)
Resource Check (09:46:56)
Elapsed Time (sec): 329.03
CPU Time (sec): 251.00
Memory Usage (kb) : 150620
Wrk Dir Dsk Usage (kb): 117760

RMS Stress Error Estimates:
Load Set Stress Brror % of Max Prin Str

loadl : 3.10e+02 1.7% of 1.8le+04
Total Mass of Model: 1.079528e+01
Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:
Ixx: 4.57776e+04
Ixy: -5.55112e-16 1Iyy: 4.55593e+04
Ixz: 6.27054e-13 Iyz: -5.76428e-13 Izz: 5.89203e+02

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin

4.57776e+04 4.55593e+04 5.89203e+02
WCS X: 1.00000e+00 0.00000e+00 0.00000e+00
WCS Y:  0.00000e+00 1.00000e+00 0.00000e+00
WCS Z: 0.00000e+00 0.00000e+00 1.00000e+00

Center of Mass Location Relative to WCS Origin:
(-1.11842e-16, 2.75048e-01, 2.41446e-01)

Page 2
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wWCSs X:
WCS Y:
WCS 2:

Load Set:

Ixx: 4.5776le+04
Ixy: -8.87196e-16
Ixz: 6.26762e-13

Max Prin
4.57761le+04

1.00000e+00
0.00000e+00
0.00000e+00

Longit_Beam_B.rpt

Ivy:
Iyz:

4.55587e+04
7.16909e-01

Principal MMOI and Principal Axes Relative to

Mid Prin
4 .55587e+04

0.00000e+00
1.00000e+00
1.59418e-05

Constraint Set: constraintl

loadl

Resultant Load on Model:

in global X direction:
in global Y direction:

2.459759e-08
-2.400000e+04

Izz:

in global Z direction:

Measures:

max_beam_bending:
max_beam_tensile:
max_beam_torsion:

max_beam_total:
max_disp_mag:
max_disp_x:
max_disp_vy:
max_disp_z:
max_prin_mag:
max_rot_mag:
max_rot_xX:
max_rot_y:
max_rot_z:
max_stress_prin:
max_stress_vm:
max_stress_xx:
max_stress_xy:
max_stress_xz:
max_stress_vy:
max_stress_yz:
max_stress_zz:
min_stress_prin:
strain_energy:

NURPNPRPPRPPOOROOOCORBNNMNOOOO

6.062866e-09

.000000e+00
.000000e+00
.000000e+00
.000000e+00
.660468e-02
.292238e-04
.653698e-02
.183585e-03
.812754e+04
.000000e+00
.000000e+00
.000000e+00
.000000e+00
.812754e+04
.515064e+03
.432209e+03
.812664e+03
.273631e+03"
.795798e+04
.410697e+03
.334043e+04
.770853e+03
.671032e+02

Page 3
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Mass Moments of Inertia about the Center of Mass:

5.88387e+02
COM:

Min Prin
5.88387e+02

0.00000e+00

-1.59418e-05
1.00000e+00

(.3



Longit_Beam_B.rpt i

Front_Force_y: 1.164320e+04
Front_Moment_xx: 3.520792e+05
—R&éar_rorce_y: 1.235680e+04
Reéar_Moment_xx: —3.429562e+05

Analysis "Longit_Beam_B" Completed (09:46:57)

Memory and Disk Usage:

Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 48.0

Total Elapsed Time (seconds): 330.56
Total CPU Time (seconds): 251.86
Maximum Memory Usage (kilobytes): 150620 ,
Working Directory Disk Usage (kilobytes): 117760

Results Directory Size (kilobytes):
20243 .\Longit_Beam_B

Maximum Data Base Working File Sizes (kilobytes):
71680 .\\Longit_Beam_B.tmp\kblkl.bas

36864 .\\Longit_Beam_B.tmp\kell.bas

1024 .\\Longit_Beam_ B.tmp\kpakl.bas

8192 .\\Longit_Beam B.tmp\oell.bas

- - o — - dnn —— ——— - _ . ——— — —————— T e v} e e e - G S M - A e —— = =

Run Completed
Mon Oct 09, 2000 09:46:57

Page 4



- APPENDIX D
Pro/Mechanica Analysis Ouput File

Single Longitudinal Beam Subjected to its Own Weight



Longit_Beam_A.rpt
Pro/MECHANICA STRUCTURE Version 21.0(74)
Summary for Design Study "Longit_Beam_ A"
Mon Oct 09, 2000 09:17:08

Run Settings
Memory allocation for block solver: 48.0

Generate elements automatically.
Not all of the materials assigned to the model contain
failure data. Failure Index measures will only be
calculated for materials with fallure data.
No errors were found in the model.

Pro/MECHANICA Structure Model Summary

Principal System of Units: Inch Pound Second (IPS)

Length: in
Force: 1bf
Time: sec
Temperature: F

Model Type: Three Dimensional

Points: 667
Edges: 3299
Faces: 4647
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 2014
Elements: 2014

Standard Design Study
Static Analysis "Longit_Beam_A":

Convergence Method: Single-Pass Adaptive

Plotting Grid: 4
Convergence Loop Log: (09:18:49)
>> Pass 1 << '
Calculating Element Eguations (09:18:50)
Page 1
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Longit_Beam_A.rpt s
Total Number of Equations: 35410

Maximum Edge Order: 3
Solving Equations (09:19:05)
Checking Convergence (09:20:25)
Resource Check _ (09:20:41)
Elapsed Time (sec): 213.23
CPU Time ' (sec) : 168.23
Memory Usage (kb) : 133819
Wrk Dir Dsk Usage (kb): 104448
>> Pass 2 << ‘
Calculating Element Equations (09:20:42)
Total Number of Equations: 38605
Maximum Edge Order: 7
Solving Equations (09:20:55)
Calculating Disp and Stress Results (09:21:53)
Checking Convergence (09:22:59)
Resource Check (09:23:14)
Elapsed Time (sec): 366.50
CPU Time (sec): 270.75
Memory Usage (kb) : 153820
Wrk Dir Dsk Usage (kb): 116736

RMS Stress Error Estimates:

Load Set Stress Error % of Max Prin Str

Gravity. 4.03e+01 1.7% of 2.39e+03

Total Mass of Model: 1.079528e+01 .

Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:
Ixx: 4.57776e+04
Ixy: -5.55112e-16 1Iyy: 4.55593e+04 .
Ixz: 6.27054e-13 1Iyz: -5.76428e-13 Izz: 5.89203e+02

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin

4.57776e+04 4.55593e+04 5.89203e+02
WCS X: 1.00000e+00 0.00000e+00 0.00000e+00
WCS Y: 0.00000e+00 1.00000e+00 0.00000e+00
WCS Z: 0.00000e+00 0.00000e+00 1.00000e+00

Center of Mass Location Relative to WCS Origin:
(-1.11842e-16, 2.75048e-01, 2.41446e-01)

Page 2
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Longit_Beam_A.rpt
Mass Moments of Inertia about the Center of Mass:

Ixx: 4.5776le+04
Ixy: -8.87196e-16 Iyy: 4.55587e+04
Ixz: 6.26762e-13 Iyz: 7.16909e-01 1Izz: 5.88387e+02

Principal MMOI and Principal Axes Relative to COM:

Min Prin
5.88387e+02

Mid Prin
4.55587e+04

Max Prin
4.57761le+04

0.00000e+00
-1.59418e-05
1.00000e+00

0.00000e+00
1.00000e+00
1.59418e-05

WCS X: 1.00000e+00
WCS Y: 0.00000e+00
WCS Z: 0.00000e+00

Constraint Set: constraintl
Load Set: Gravity
Resultant Load on Model:
in global X direction: 2.598574e-09

in global Y direction: -4.587993e+03
in global Z direction: 6.168860e-10

Measures:

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag: 3.002933e-03
max_disp_x: 2.832115e-05
max_disp_v: -2.994675e-03
max_disp_z: -5.200801e-04
max_prin_mag: 2.389853e+03
max_rot_mag: 0.000000e+00
max_rot_X: 0.000000e+00
max_rot_yvy: 0.000000e+00
max_rot_z: 0.000000e+00
max_stress_prin: 2.389853e+03
max_stress_vm: 1.127277e+03
max_stress_xx: 1.105996e+03
max_stress_xy: 2.330162e+02
max_stress_xz: 1.698850e+02
max_stress_vyy: 2.368284e+03
max_stress_yz: -3.243292e+02
max_stress_zz: 1.736437e+03
min_stress_prin: -7.586306e+02
strain_energy: 3.564342e+00

Page 3
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Longit_Beam A.rpt

Front_Force_y: 2.290344e+03 _
Front_Moment_xx: 4.517177e+04
Rear_Force_y: 2.297650e+03 |
TTReéar_Moment_Xx: =4.701542e+04

Analysis "Longit_Beam_A" Completed (09:23:15)

Memory and Disk Usage:

Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 48.0

Total Elapsed Time (seconds): 367.88

Total CPU Time (seconds): 271.64

Maximum Memory Usage (kilobytes): 153820
Working Directory Disk Usage (kilobytes): 116736

Results Directory Size (kilobytes):
20229 .\Longit_Beam_A

Maximum Data Base Working File Sizes (kilobytes):
70656 - .\\Longit_Beam_A.tmp\kblkl.bas

36864 .\\Longit_Beam_A.tmp\kell.bas

1024 .\\Longit_Beam_ A.tmp\kpakl.bas

8192 .\\Longit_Beam_A.tmp\oell.bas

Run Completed
Mon Oct 09, 2000 09:23:15

Page 4



FERMILAB . SECTION PROJECT SERIAL-CATEGORY | PAGE

3F ENGINEERING NOTE Il

T 5 AMS
Cfarmq%e /ér Nu 7 Z%Zd Hall

cker’s Caleuloty 2/2.9/03
IndeX
| lNo-\re: (No./ /\)o,) :ib ‘(C %?Ffiulued s('-;';egs /a//&waéle ?F‘)r;ejs)z
VZ shear; b= «b%auvg,' tz feusiorn 2
C= Compression | a£ axiak j Pz bean‘m& ?5
| Section _ Subject Pege
| L0 Stwdards ¢ Codes /

2.0 Allowable Stresses /
2,0 EX]DQVLSiO% Force. 5
4.0 ,'Anq/fsz_'s Plan - 6

7

50  Horn #|/#2 SuPFowL' Beam
Simpl y Su/a/zorf@( Endls

S| Expansion %rce - 7
g m/’d Compression ,
51,0~ Bending, moment about X-axis
5’,2.’Simply s rf'w( beam wrH App A loads
5210 Arm, 3-points port, o ther Side ¥
5.2~ Arm 3 - point- Support , Strip /rhe side
53 5im'ol supported beam wirh 36000 Lés 7
54 .Bea,‘rz wf f ,' ’ /0
5.5 Beam stresses
(#85/18,000)ac ; (349/14, 400)y (: 5920/2, éao)é.
AISZ inferaction squakion foc axiak Compression. -
amd bending 1 0.34/.0




FERMILAB SECTION PROJECT SERIAL-CATEGORY

# . ENGINEERING NOTE

PAGE .

12
157‘ 02 g /R 3 REVISION DATE
—Lndex

Secktion Subteet Fa;re_

6.0 Tlgr Snzb/aar\’f Boegn. /L
Sim /j Suf/oar'fed, Ends
6./ A pendix B [oadin fol
G A Leam el J /o2

6.3 [Bean slFesses
(4-557/3;0@

‘ /3
ac ) (.?757/4‘#,‘400 v, (6,215/2, 600)4 ;

AISC interaction e 500 for axial Can}arcss-z'dh

and b&ndinj 1030041, 0

7.0 Tarqet Support RBea
Fi)(j&i E:ﬁf ™

7.1 Both ends ,@/9 restrained.
7 A& Locate |ved POt vwaximize connection
bolt |oad_
7.3 Beant we
7 4557 oo o1 400,
(#8578 000 jac,; (400/14,400),, (4 /05/2], o
AlSC ih-i‘wae.r/iau e /4;1‘; m»./ for mﬁd] i
Comy rcssimam{baﬁn , 0.224/40
7.5 Deghee oF emd restrainit

8.0 Boi-z? crf:sfu:;‘;fhe s%fa'rfwam and.

8.1 Bolt tewsile loads
8.1.1 Reaction forces
S I~ Prgm force.
8.1.3 Bar"Tensile joad with f?r}y ﬁrce__

/¥

/4
[+

|4
/5
0)5/.

/6
/7

/7




FERMILAB SECTION PROJEGT SERIAL-CATEGORY PAGE

# . ENGINEERING NOTE | I3

SUBJECT

" INamE

9.0

/0.0

_D/\Air;m=$ | ] : REVIS!
3’/2 8/03 EVISION DATE
Index
| Section S uL—,eof’
8.2 Bo/f Sﬁear/oad. /7

g.3 Polt stresses for bearing- ype Connection |9

(9,555,/28000)y; (43,660 fo,?oa)a,*

B84 B exrm% 5+r<:ss ah bo (+ ho /9
(10,000 0 ooo P

| Cke,ck AVSC shiffener reguirements for webs 2o

B S At p g emmted fovces pee

9.1 Unrder +he 30,600 LL [pak at M%
0F the horn support beam. (No stiffeners rccol)
Ql%nﬁ(w'f"u. 30,/¢ ;bbéow& %Wf d)
= o eqm_ tners reg’
73/301"7’7&” uf/orce.swl’#u end of ez
+he HOrn suﬁ: beamn (No stffeners reﬁ()
7.4 /%r e reaction forces at +h¢ end of 25
7‘4/32)‘ 5M/D/Dor‘f' beam (Np stiffeners rez’i)

| Cross member Kb
10,1 Shear o bending about X-X. " b
10:% Shear amd bamding about y-y X8
/0:3 Torsion o? 8

104 Combmcd. beuding stresses (0.8<10), 29
0.5 Combined sheay Szf'ﬁssses (14015714, 400),, JZ?
106 AlSC stiffemer ivements

(No stiffeners re, bpired )




* FERMILAB SECTION PROJECT SERIAL-CATEGORY ‘PAGE;

¢ ENGINEERING NOTE | | T4
SUBJECT | N%'n,_s | i
. 37&8’ / 2‘3 REVISION DATE
Index
Section Subject Fage.
1.0 S':A\;For‘t £feet | EX
| .\ Bearing in vertical directiomn 3|

(35/7, 300) bearing on /100 aduminum
(735/1, 400 ) b_earr»é on Conerete
1= Weld between sphericed foot amd Widx211 32
(30,000 Lb load /59, 784 Lb weld capacity )
%30)000 Lb loed /5‘4, 520 Lb base metnd ca,{:w-l—f))
33

.2 PFoot |
(7,350 /1, 600)
.4 St\iw\ capture blocks

3¢
(2050 Lh/fof weld 100d/3,375 Lb/mof weld, capacify.)
(16,400 LL Load /17, $00 Lb hasz mefal cafw7 ) ‘
IS5 Guide pins &/ Threaded rods 36
, S ARS/7,500)V ;(/6,500//5,000
n.s‘.;(‘?z 7 'rods) J((’ & b) 38
) bA5/21,250)y ; (20,465 /39,200)at
[, Shide base & E)rmﬂsi),mw Fvo+ ba/se welds 2L
(2,050 Lbs /i of weld |oad /4,770 Lb3/inof welk cafacH;)
(2,050 Lbs/in of weld lo /4,39’0 L.Ls/m of base metel cap)
T Welds between +he hose plake amd mwéug 43
e mbedded 4n -Hu.‘l—mg,d‘ hall concrete |mey
Sone - as 8 |, 6. | '

/2.0 Rails
Checked 1 § /1.0 of PPD ngineening note MD-ENG-012,




FERMILAB | SECTiION PROJECT SERIAL -CATEGORY PAGE

2 ENGINEERING NOTE

S?;rr/é;cs 74)* NuMYT. 7%76?‘ Ha |l M

/.0
2.0
S |

Stavderds ¢ Codes
*AISC Manual of- Stee| Construction, 7% Edition

Allowable Stresses

W4 x 2/

Materiad i A3b structurad steed
Fy= 26, 000 psi

_A, ?4 70 AlSc App. F applicadl Criferion
tw \l_?j:) | " f/o ?

d-1+ 970
tw D

172 -2 (1,59 %, 976
.78 J%

12,7 < /6)7 == Use C/f;&ar F
AlsC § F/

Check criteria for Camﬁac(f section (AISC SBSN):

£/ - F /WS Continuously Connected o web — gk

N7




.3 FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

= ENGINEERING NOTE =

SUBJECT NAZ; ’ 5
: D'aTE' g g / ) 3 REVISION DATE
4 4 +

+4 - Z.a/‘fcml/# msuﬂsof”r\@& /MLg/ﬁ\.
| e _ 76(158) - 200
Le = srmallex G-F . @ 40

20,000 _ 20000 8 3
Lc= R00 an (A/AS)Fy ~  0.44(306) 6

L5¢303” Horn I/& support bem) or |
| 990.5'"(( Targ/@"%%;oarf bearm). Both Ly>Le,

Fy - Zection is Grupact bk Ly >Llc, Sed 4=/,
j/f‘-r z &03%.37” = 46,5
Lfpr = 220.5/4.37"~ 50,5

P2X0 0> = 53 > 445 /2505

[Shoxp> _ 9 > ¢4.5~/> $0.5
35

'Eﬁvx AlscC F:l-é)
P2l P (e T ru-T2_3b(508) 7] F
3 3 9 7

1£30 %/6 3 7530000

=0k Fy =04 (34,000) >2), 600 psi
. Eﬁm Asc FI-5,

FL = /Q.)OUO” - [ 000 - %{k&)ﬂ.b e ,\\/;‘
‘%%—;—) 220.5 (0.4 Jz

Conclusiom Fr=0.6 FJ«, =2/, 600 ps/
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# ENGINEERING NOTE 3

SUBJECT i :AMW'
ﬁ?gw EEEEEEEEEEEE
Fv
i 290 74 muda sefection. eriteriao,
W \r" Azscé F4.
?
/2.7 %
\I’Z

IX.9 £ 03 = [, =0.4 Fﬁ = J. 4(3é,aoo)
Fv = 14,400 ps’

Grade 8 Bolks
The AISC coda. daes m’f' eludey Grede B bolts, Gredy 8
bo 5 have He some prook (ood, yield strength

ws | S#Wf%\ erid ond +2eat ment-ds A4I0Type!
' eﬂ4—70 bolte are 7y #he ASC Code, Msea +he A1S? re

Cod.e, fo am,a,gzc +he Gyade B bolts as :Q—W; oR A470

bolts,

‘ Bw-my—f%g/m Connec it

Fv= 28 000 Pl Ft = 54,000 psi AISC Table T3.
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* . PAGE
2 ENGINEERING NOTE 4

SUBJECT N% Ms |

Dﬁg %?3 REVISION DATE

2.3 Beanrg

2.3.1 Bo/‘?t' hol. 1n  hot ro//&d stee/

| Az bolt hote diameter

For edge distance > | 04 and center pacimg >34,
Fp=1.2 Fu =12 (50,000) © é&,pﬁa/eﬂs/'

¢2*.3::a~ Contact area

. 5-I—ee.l—>~ Fp=09 F&u per Alsc Manugl

(ot rolled steed : Fp=0.9(29,000 p5i ) > 24, o0 ps/
A3 /:/730:7(5@000/052) = 32, 400 psi

o | Aluminunte = Tables m Alumingm Desif«n MNanual
/100 Fp= 7,300 2
006! T6 : Fp > 23, oao/—pfx'




3.0

FERMILAB SECTION PROJECT SERIAL-CATEG ORY

* PAGE
R™F ENGINEERING NOTE 5

SUBJECT

REVISION DATE

EXfoMs/Zm force

One carriage oot s fixed with vespect to translation.
The other! 3 are free o hmsl&fé as shown 'n +he
sketch.

Sketch reference Dwy ME-4a7288 Rev O.
The arrows mdicate free +ranslation. Aivections,

All support- feet ave free o votate, 4—$+ *%*

Lon3 itudinad
- >

Lateral

X
Translation <>

fixed.

Tramslation. eccurs after the @y/;amsr‘n\ Furce, overcomes the
static Lriction force . |

F= un

M=0.75 7@" A 5]4&&/01«,4%//&{ 57‘?,&/ (d/y)
=0.6] for mild <stee] on aluminwn /drg)
/Té'o'lwf de/Siam load. o e cayviage.

']B};Q,Q load fom a Horn ¥ /# ) mydule =5¢, 290 Lbs ,
This value is taken Lrome age. A X or/r_’; """A(PF'A"

7—:03’4, /52&Lé& Tm%m 3 % from %mﬁ%}?‘f n

Appendix B
Crane Ca{)w‘r‘%: 30 fons = éo,oao Lbg

(arriage weight = 10 fons = 20,000 Lbs




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

# ENGINEERING NOTE

SUBJECT | N‘%M § |
2/28/03 4

+‘D~»Q MS« A
.Ze;/(‘ojé@dzs ?mloo«ﬂom.wqmag,@ +o

his design. load (s dbviously excess/je {or +he +ar
ZAY'WQ fmowwe} This dﬁéfw /06{4 won ’f dﬁcw%z
resudts nuch aoaaL it covers "higher loads +A et might
be P)acéﬂ( on. e -(-ccrg,ej- carriage. th the fwdure.,

F-,-/ul\/ |
F = 0.75 (60,000 + 20,000) = 60,000 Lbs
F=0.6/ (60000 + 20,000) = 48800 Lés

The (0000 Lb ex K ion Jorce s used 4o amalyze e
Sort beamfz TR Cross beam z:MA elem /n +Ae

| suy Par{' afare akove the a ummum %3//3)
| The 48,800 L4 txpansion farce 7s used lower
| elwwzl's m-,%_;uf orf feet, This /5ﬂlm< 50 57‘&‘1

port feet 6e usex m future,

4.0\ 2 ’
g:')fi?ﬂ%ﬁlf o7 /ic Su%ﬁ'?maﬂ Sree 4o rotate.. Hence,
it i3 amalyzed as o J Supported beom MmE504500 0

check 7‘%4 be«'w\, tfor molimeat mam&az“ In 8 7.0, the
beasn i3 7% Jam- o 1o tationad ves raint

at tthe €nds / 77?L result ’mrmuzf af eech
of Fhe beam 75 wuéxz’?: %7%& dbﬁ'?/mof'ﬁl&. >
Conneedion o 1he Cro)S'be—CO’v\

77)@ //Df% ﬂh//*“"ﬁ?—- Support beam 3 w[ zed in §5,0.

rM ctf/;ovff bene s a«nq_/a,a»w( 86.0.and 87.0,




5.0

5.l

5.1

FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

F 'ENGINEERING NOTE | 7

| SUBJECT | A MS

REVISION DATE

gz/zé’/bé

Horn #l/ #2 SMPrporf' bearn. — Simp ?} saf/ooﬂ‘z«( ends
The support beamis a Wi4xall,

me'mg ME- 427282 Lev O,

| Am:!iu\ loads are {n AP{)MX A,

EXPM sion. fovce

‘ﬂle ax ANSIDU ﬁ)rc,e, CauUses a/;c/cz,P (lowe[:'rfssva‘r\ and a_
idv:aow\%j‘ because |+is app lied v +Hhe §u79f)gy"{’ |

O’NL half of 'H{.e., /DMS/WL, 7@%(:2 /5 0%)/9//&0( 7o Chch
of the, two Sufforf beamg,

&wwr:ress:ue, e-XfMSIO‘V\ »Forc:,q_, a,Mzi,e,& +o one 3U7»o/;arf-

bearm_ = 60, 000 Lés/)- 30,000 L&S maximum_
v -F\row & 30D,
Ax ial CLomPre&ScDH., |

fo = .?_ 30,000 s . 445 psi
6217‘"

l, = _/2n* (24000000 peP _ /24

/’j 3L,000 ps*~ °

U ' o +Ra +a rt oo
éalc% 6:: hawf fo be rvj;}erafﬁo r,ée_ef\'rv\. 7
kAL

KL - 1/( 390'{%) - S544/26
r 4.07 o




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

# ENGINEERING NOTE

SUBJECT

NA

-

50

509\
5.2.1

| Meg = /1245 (30,000 Lis)= 33,000 n-Lbs

D;j;/ 3 8, /& 3 REVISION DATE

0.1 6, — < C‘G?/ ] - 202[’)2—])( 36/000

2 3ke/r) _ (K& T £, 3(sd) (5P
1" BCc g 32 5 (IR0 (1253
= 0.5 Fj = /5/000/05[ -
ICL = 435-/95/ < /Q,OOOf.Sr' gk
Me{ =L (EYFM‘&FM 'f-,mrc.e, > |
Crossheam .ﬁ[m’je thi

e = beam depth cer plate Thickn
m.z’ + spacer plete eSS+ =

:-.(’575%2)/9\.‘# (0.975‘ +/.75 ) n+ ﬁ%/ul‘//;,;éy;n

[~ /% =358 000 p5-Lby 23§ HE = //WD/OJ/’

Simply 5uﬁoor{fe& bear with A/:f&méix A /"W"fs
Arm ; Bépa:‘n%s,quort Y &féhersiﬂ(e/

a

Pn: 12,900 Lbs [ = 18700 Us ‘—1‘,‘ | lp&
6227 b=77"y £+ 2187¢-1575=203" g, f }Ra
#=V=10 /j'ﬂ) T Fab Ay when, & <b ) £ i

Z
=(13,700 Lbs (203 -31) en + /8,700Us (77)~1«)/°703




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

# 'ENGINEERING NOTE
NAMEa |5’

g/&g/}s REVISION DATE

Ry= 6'3 700 ‘1‘12,700) - /9, 145 = 3;1/&00 - /9,145
= 13,455 kbs

| Mo (e whon = Rl = 13,455 Lbs (7)) > )036,035 o+

R24 Py )

Af?-UfArm ; 5—/30»\/7‘ 5u7bpar"6/ 579»;,—0 /e < ide

5%

P=d3,700 Lbs A=203" L a | b
b=77"  @w03-7) 126" ; ¢ ;
R=V,= Pb . 23700 tss (774) §990 s e

Z P03 % £
RozVa = Lon — 23,70 Lbs(I2644) _ 14,7/0 Lbs

£ 703 4 T

Mwsy » L_@é_ 23700 Us (12exu)(7744) _ 1,132,700 .
SFMM m"f’&& MW% 30000&—55(&%
7 %63 0) ﬁv/>/3//.’/£ aZLWd—f
F=30,000 (b L= 203" o |
R=V = 30000/2 = /5000 Libs T }” e
. R R

M %4 &CL = 20,000 [ bs (JOBMQ | |
e - F — | £

= 552500 i -/bs




i 2,
5,4 Bm,wa% HH?HII[LH |
&{mwa 2/ U5 g (’ﬁk = /Zé Lbs e ‘ -t
?Af /f( IJ-*fV\ '—77-:3. :
R-V=wl _ 17,6 Lhs x 20345 _ 1,787 Lbs
7~ 1 >

55

A Mmap = wl® o 1Tk LEs (203)’?“74)"_, 90, 6460 tn-Lés

| Mep =338000 m-tbs  (§5.1.)
V= &,/%S F1,787 = 20,93 1 Lbs

M concardbrated loads = 1, 552500 tn-Lés  (§5,3)

FERMILAB SECTION PROJECT

# ‘ ‘ SERIAL-CATEGORY PAGE
¢ ENGINEERING NOTE /0

NAME

04\5:/2' 8? /:0 3 REVISION DATE

@ confer T2
Bean. stresses

Use Mmegimunn loads 7m 8 5.2 or §53.
fo= A4BSpsi Fa=/no0ps)  (55.01)

52.1) (&§5.¢)

M bewact = F0,4L0 % L5 (§5.4)

Z M= 338,000 t /,572,500+90,660 =2,000,000n- Ls
A= b¥nT  S=32¢ 02

ﬂ/’ZV/Ac 20, ?3)-L55/5317"' > 340 psi </4, 400/3.5’«

ﬁL = zﬁ” 2,000,000 yA-Lks
335intt

= 579520/05,¢ 21 600/351 ok




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

3¢ ENGINEERING NOTE 1

SUBJECT NA%E

D»iE /; 8 /35 REVISION DATE

ek Combmed. stresses fpvaxiad Compression and.
%{Mﬂj I ‘/; % e

485 _ 0.03 40./5’
Ft» /?0—5_0@;‘?’)j

£g «Cb,v 106 & |.D
Fo  Fox fey

0.03 + ‘;930/051 +0 0.3 < /0 0;C
-y Lo 0 /95f

Covxd,usnp\ of §5.0: Ax:d ben and sh -frase.s
Check ow%ﬁw Hho Mot s

{mf;pr’f‘ €A v Hh simfolj Sufﬁortué




bl

AH B% waa/b"

¢.0 (rqwa,d’ SK‘DFor{' beam. — S ’WEI’ Suﬂaorﬁw( emds

S e T

| Mmay = PL _ 20,000 Lbs (agotgj,‘k) _ /,é5'3,7$"0 7 - Lbs

'| FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

"¢ ENGINEERING NOTE | &~

DATE 8 2 REVISION DATE

The sugport besom iz a W4 x 21
me»\? ME- 4271283 Rrv D,
A/:/DIM lbads are in APPW&QX B, Th 7‘57% /@MWI?QQ

4o "The “Carria 7:6 “fwo s or+ ™S, €5
17.06 «/'mxs Assum; -th load & carried 0;;/6; 3

’MA)(/MMW\ LFlaxibility th e future, use ¢ Hornﬂ//é‘)—

b‘éﬁﬁ“ besom loaditly 11 §573 for He Far w&ﬂw‘f’
Folfows 3 53 -

F= 306000 ¢4s L= 23625575 20,5 "

R=V =20000/2 = /5000 Lbs

@ ceafer 4 | T

(4s . 6 L&
Ba/n«, ?A)"'“ 21 *% =17 i

R=V= /s = 10 u?e,.p.;ef - 1,90 Lts

Mooy < y, (7.6 g;k(»o.()"’,{r‘ = 106,965 mn-Lfs
© conAer 8’ <




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

F 'ENGINEERING NOTE /3

SUBJECT . NAM|
! | Ams

DATE REVISION DATE
2/ 2803
bl

Beam_ sfresses

| 74;" %’5/351’ Fa = /1§ aoo/aﬁf /55/,/)

Mef= 338000 dn-Lhs  (£501.8)

ZV'= 15p00 Lbs + [,9%0 Lés = /i, 940 Lis

@e. D) (5¢.2)
SM> 338000 & [,653756 + (0b, 365 = 100,000 7n—(4s
(§5.1.2)  @6u) (§¢2

A(‘,; é;"ﬂ'\q S:” 3-?3 /713
fy= 2 V/he = 16,940 Lb/60-n™ > 275 p3/ < )4, dap ps 2

FI, = Z/\’s/s = 406000 qn-Lés 6,2 LS»FS/’ < 2/, é(?&/:si %4
338

| CA&&L CWM Sy’yeﬁcﬁf fﬁr ryjed m‘pr.cssi‘i!% and W%

by 4 4
%% %f% <10

R Vi

[ &ood 21,600

0.03 +02Ff = O3 ¢lo ok

C&‘VIC&U;M a/ﬁ“ .0 /YX{M, 6M”j awd shear stresses
check out ok or d’»sumr{'

beam with_ srmf{} uppor ends
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# ENGINEERING NOTE 14

SUBJECT | F‘Aﬁf\E/\/ 3

3279_8/53 REVISION DATE .

7:0

2

| Mmay = L . 30,000 Lbs (220,5) r—r_"f"__ﬂ

| Note', Only the +ar
’ﬁu’gx} Suﬁoorﬂtfieam-*[:)(e% ends /;“F@;&f:l;ﬁs{i

L= lugwoﬁ (203, 2205) = 220.54m o 13 longer ther Hhe

horn —~* “\ﬂ\f d—sulst‘bmm horn ufFar'{'bcam
Assume both ends are Szu :a, restrammed. .

= 30, Lb e <, ‘
T’a bf oo Lbs Af()l d ot nud 37304\'( 5‘%"‘{?2,)

R=\= P/Q— 300@0/5 = /5000 LbS

(@ cen g
| t ;:-y Rg : ER
| = 626}5}73/1}!'/—6)‘ L -
A
2 Locatr P o manimtize Hhe Commneetion bolt load :

7.3

Az=150.5" b=d-a =2205-/50.5= 70 “
: 2 .
RozVy = _&L(Mgg ) = 36,000 Lhs (150.5) " (150.5+ 3% 70)4«"

| 0 P o 220,53 3
a?b 22,850 Lbs
___12 ~ 30000 Ls (150.5) 5= (70) n__ 978,310
Z?K‘é‘n (220,58 ) PR~ T on-Lbs
a>b
Bem w;(_

R=V="90 =1,94p 145 (§6.2)

Monag = WL™ 17k L2 (2006) "0

(@ s, ) w' - = 71,3/0 in-Lés




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

# ENGINEERING NOTE /15~

SUBJECT N%ﬂ’)s‘
A2 8/
Bearm stresseg

fo= 485 psi fz =/8,000 (§ 5, /./)
Mef = 338,000 1745 ($5.1.2)

ZV = 2,850+ 1,940 = 24,790 Lbs
@. 2) (57.3)

S M= 338060 + 978,3/6 + 7/,3/6= |,397,620 tn-bs
&S 1.2) ($7.3) & 7.3)

Acz0kF v S= 338 M3
b-Eyhe ~ 2b110 Uy bn = 400 P14, foo

& = Z/lj/ﬁ = /,387,62.0 gi=Lbs /338 = 4, los /os,z of, LOOpY/

QLL.
Ct’\\éd( C&VW&)M Stresse s -@Y’ oo L Wraﬁmw A—Mﬂ’tj,_

@_z%f?tg/c

o T 3606

003 # 0.17 =0.22K /0 0%

Cm«d,qs\ 030 T4, AY'd W ond sheay stresses
- ol'\&ok ot oK - —-/-ux‘;o{‘: Support

bearm_ witt. fixed ends.
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SUBJECT N%

DAIE Y 4 REVISION DATE
4/ 28/03

1.5 :Dafree, of end restraint
The cales in $7.1 and 87.2- assume fboth ends of
the < u(rfaov"l' bean. gqyre M re.sfﬂur\ﬁd From
r*o% The 5% have & Spherical

5ur al/o-wg votatosn about all
| 0\% KV Estmate Fhe #nc tionad res/strve €ud
|t for o Sup port foot.

Sphenca/ Aot Awmm%a, ME -~ 427367
| Msg =(un) R v
M= 0.7§ ﬁr mild sfee ) o wild steed

N = éo,aooA + 9’&0,000/% = 35000 Lbs (&3,0)
Msp > (075 35,000 be)([04m) = Z-b2 SO i -Lbs

Use Msp = 400,000 M—z.es 4 ) 387,620 in-Lbs in

§'74 s0 beam stresses
are. ol
&

% The Suﬂioﬁ feet ave located ot Hhe ands of +he

Ccross ember.
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SUBJECT NW

l?;g’/b*j REVISION DATE

8.0| Bolts between 1he wﬂaor-{' beam andl Hhe cross beam.
8.1 | Bolt tensile loads |
Bolt feusile_lpeds are calewlated using 370 /oadS/ as discusSed

an $4.0.
8.1 | Vorticed reactionat ¢nd of beam=24790 Liy doumuard. (574

//\o'mmi'a# md, o;ﬁ beam = 400,000 n-Lbs (37 5)
| There are R pairs of bolts at each 2ud of the pesud,
| The vextical reaction. is shared ;i/aa//% éj +ha ﬁw bo 6.

| |Verticad reaction pex bolt=2479%/4 = ¢,200 Lis /Bolt

ent
Reaction f;ma dus. o end -moment = éusf;z;médwm botts

| 400,000 ﬂ"-»LéS/‘//nS'% z 24,800 L4 |
| Mrment reaction fovee pev bolk = 24,800/2= 17,400 Lbs
= bol+ tensile loads =6, 200+ (7,400 = 23,600 Lés

8.1 Prg(m(f force

Follow AISC procedure on pege 4-90.

7= 823 600 Lés

Dot § =" =d

Noewminal bolt cross sectional area = UYL~ 6.785 in*~
B= 54 kst (0785m*) = 43.4 kips




8.1,3
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¢ ENGINEERING NOTE | | 18
SUBJECT AFE -

. oz
F =36 ksi |
P=befa = 158 = 7.97
b=575- twh =575 —p.C= 525"

2 = (bg/a) - (ﬁ/ﬂ) b= 7?-45' 5,25 = gu5"
d'= 11257
b= b-df2 = 525"~ (b) = 4,95
a' = apdlrz 2.5+ Us) = 265"
(3= b2’ > 4a5/24= 1.8

a(/P» [=1.12979 = 0.86

4o /BB j/8(4&.4)@.75') = 2,33 00

o= L[ T ,].,.1.[:3@/4&4 ,.,j._: 0.34
0,86

5 Lt ) (1-56/4.38)*

Q= B&xf)(-é)“‘" 42.4(0.5¢) (o, 34)(18)(' ;ﬁ) = 10 kips

Bo(+ teusile load. with PWMJ force = 23600 #10,000 = 33,600 Lbs
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SUBJECT NAME 6

REVISION DATE

5/28/p3

8.2

8,3

8&4’

Bolt shear loasl.

From § 5.0, the expansion force on 2ach 5;;70/90 rt begm

/s 30,000 Lés, There are fwp pajrs of bolts ateach end

if/v%e begr., The shear load +5 shared ezua(l%“ ‘i"/ e Lur
olts. | |

Bolt skear load = 20,0004 = 7500 Loc

Bolt stresses fmr bearihar—‘«jp@ Connecion_

= : . = L- 'ﬂ\(/";“\?:‘ Q ?'
AL = Nominad bolt éoafg area ﬂ“é_ = L= 0.785 an,
fy= 7500 Lbs/0.785in = 9555 psi < 2000 psi’ gk

l /4//0(;061514 7[”%5’?% stress tonsider /“)’)f 7‘7{1 Shear 5 Fress

W/ =BT 5[5 ss ) 507 kel
fe = 25600 Ls 0.785n™ > #2800 pst < 52,700 ps” 0k

2,757

Bédrl',hg stress on dolt Avle s
Bolt hole edge istance = O07-n5)a= 275" —g‘:]

’ Y W t 2/
éo/'/'/w/c iameter= | " =A ; bolt hole 5/3an= /5

hd=1h(1%)= 17" < 275")
[2A=1%(1%)= 17" < 275 o Fpeh2Fu
34 =30%)=3.4"< /1,57

‘CF = Bolt shear lad. _ 7,500 Lbs

= /0,000/Ds£< éo,oaO/Dsf

Bolt bearing/ area. Jim (&7%) oK




9.0

9.1

\Kl4».£5m/(/4' it

FERMILAB  |SECTION PROJECT | SERIAL-CATEGORY

'-IF' 'ENGINEERING NOTE O

SUBJECT NAM? | 6
. DATE

Check AlSC spiffemer reguirements for web
unden cm/\w:irwﬂdlwfoﬁf per Clr\a];ter ?j a?fui 5%

Under the 30,000 Lb load at md»/aofm“of +he horn ,s,u[Jfor’f beam:
KI.Z E%’r\, K- Aoes ot aﬂs%
KL.3 @) 53»\ K-

*_zgm;éz_«
m(ms—k) " 098 (. ﬁ;{z 25) 4m

Minimum ﬁearmj l&maﬂw\,
L, DID f’:sc L 0,6 F‘;} = R éaO/Ds/ )5;7/%%@75/)01“

= &,0/0 /osf

R 675 [/*3(;?/ ),/4/7”1"5/{”
S SR e im R | i)

= 677 kips > 30,000 Lbs S Stiffeuers mreﬁA

KLE de be - dh- :&k%f «L5'79"°2(335))M,.£2___
tw tw 091% sn— 20 3%

= 0.9 <« /|,7 = Must check eﬁn K1-T

. ;.6,?00{' de fEw 0, 3

R LI ot (G5 22) - Wﬁ@.@]
he A-2tf > 1512-3(1.50)+

= 148 Kips> 30000 Lbs S Shffeners o7 veguirek,
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SUBJECT NAM W S

055/2 w 3 REVISION DATE

K1.b | Eﬁm K\-8 Ages WW ,
KIT Nt applicatle,

ﬁ’_ﬁ_ No+t epplicable.. Lg/m 1-9 does %oi"adogo&g_

£5. A /249 (821)
tw
% - 129 < ,2é0 D Trausverse stiffeners aye
tw W ot r*ezw'f% ,

6011@&45/’071, of $91: Transverse stiffeners are not reg'd
on the horn support bearm under the
20,000 Lb cmm-{-—raj'e,g\ load. .




, SUBJECT N;afms
|

FERMILAB SECTION PROJECT SERIAL- CATEGORY

# ENGINEERING NOTE L

REVISION DATE

2/28/83

9.2

Check st ey re wwwtsmwmsoooouudat
Wi&a\«doowﬁ?f 1 Szv%aﬁ' bcm(fa//m 5‘7 ()

K.la;L §MM as 37./
lil_&‘— v

KL de b . L2k bt _ (172~ 2(205)5) 15,8 45
tu K 0.78 i o,

= 0.22 £ |7 = Mus+ check egn. K\-7.

- él'gaofw [ ¢ (e ftw\*]. ¢, 800(098) [4(4,5'2)3

Z/er ) 25 1
= [l k:'os > 30,000 Lbs L59;
= S+‘.‘F§—'Fwars et re,iuimat.

M Sewma as § 9./.

KIT y
K,‘ 8 /
— s ,

Comclusion. of §9.2- 'ﬁ@wst/&rse stiffeners are not
ired on the tar u‘su /:»ar'-t
be m under the 30 ovo Lb
Concentrated load.,




9.3

KI.3 Eg Ki-3
| R
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SuBJECT

REVISION DATE

5)28/2s

For e reaction ﬁrczs al the eul of tha horn
5u70for1‘7 bean ‘

Reler to & 8. 1.1 = Mayimume densie load on
a bolt = 23, 600 Lbs

There are R bolts i Aension, in He same Fransverse
Plane across he beam.

!, Force aplied 1o Hi —F/M?A = & (23)600) = 47,200

L.bS
0.4 [Be =04/ %5 (47,000) _ 0.4

tp=lSL" >0.6=> Sypiftemers not reguired

e 47 200 L4s |
twNtLSk) P98 (472.5(2.25)) i

Minimum bearing lenath
§ 9‘ /. 9 ?’ /

= 5,005 ps/

5005 psi < 0.4 Fy = &y 600 /35/‘
=2 St ffeners 207 fﬁf«v’r&o( .
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i/

Wg g'/d‘:s IIIIIIIII ATE

Kl 4

KIS

KL b

K7

KL8.
ES.

(}) Egn KIS

sl (1)) ] [ e

- 34 (0.93) [’*3(/5‘7; (/57//15]//340(/7;'4)

= 3¢ kps > 47,200 Lbs D Sﬁffmus not"
f?utr’
Egn Kl-
(B) Egn KI-T

R = /43 k,ﬂs (Sa/m@as ﬁr)#m 20,000 L) |oad

cese, § 7.4
R> /48,000 Lbs > 47200 Lbs = Sﬁ#@nerf not

fﬁf‘“ﬂ’
Eﬁw KI-8 does wf’%ﬁ% .
Not+ a,ff&icabb_ .
Not- applicable., Efn. KI-9 does WW"? ,
%L_._.,. (2.9 (2.1

K = 294 260 > Transverse stiffeners
) are et re famw(,

Conclusion of §9.3! T/‘Msve/rst stiffeners are st

’?;f(éa»f e ends ayc The horn
sdpport beam, "
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NAME

S
o;ﬁg 8:7@5 REVISION DATE

4| For 1he reacti vees at W cad of #he far
M i g sty of et

KiL2 g
Kl. 4 Z

KLS &= /1 kips (Sams as for the 3p,000 Lb load

case 372

R= 112000 s> 47,200 Lbs > Sti {femers not |

reg,,,, ired

‘_g_’_:__é____\ SQ/W\LG;S 57:3.
K7 7

————————~

K,___;_g, tJ
Fs z

Conclusitn. off E9.4 i Transveyse stiffemers are net
| g ﬂjf r4 re /‘re,i&:i'sm., ends of +he
74\/‘9»0?‘ ﬁu.lg/o or1 £¢47ﬂ1,
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=™F . ENGINEERING NOTE b6
- SUBJECT W 5 ’
| 2/28/83

10.0| Cross member Drawing  ME 427280 £ev ©.

7%( Cross mevaber /5 7%(_ Sane 741’ 7“4!, Aam#/jham#,‘z
and fn‘nr?,d' c:arm‘a?,a assemblies, |

a a

Cross member ends are 5¢.1 748  S¢.)
5l‘mPlg S“ff”rd' M . R W %ﬁ |
Resistive end momuent is R, H . A
estimated 875,
The tross member s o W14-x.2H, = 184 B
\7‘“5* [ike. +he éuﬂoor-f beams , L
Pz ab, 790 Lbs  (§ 8.1.)) __1_
Po= 30000 Lbs (851) ;< 1m X
M= 400000 jn-Lis (ég'. N ) %‘_—G?—

10,1 | Shear and W‘ng,abvwf X-X P;l

Rf,:— ng Fp = ‘24‘/ 770 Z—é.S

/V]'M/ behotan . Paz= 24,790 Lis (5’6,(774) = 14,39,719 rhLs
loads |
10\))5 24,790 L%3< in==) ?/0/35/ < /4, 400 /35'( 9L

.fb)(= 1,390,719 Mbyaaz mg = 4‘,//5'ﬁsi £ 2/, 600 /96/'.‘
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SUBJECT NANE

DATE REVISION DATE

5;/.,?8/03
Beanm wﬂz‘
Beam wight =l Lts, B _ 176 Ls
/l«“"“ 771
RsNzwl/2 =17.6 _é_é__s,' y 184 = 1,620 Lbs
D =

Mmop = wh™_ 176 Lhs 1040 - 74 500 n-Lis
@cmttr B Zai

K= Ka+ Ry = 24,790+ 1,620 ~ 26, 4)D Lbs
‘S—Lre_sees
Agitm%ae = 49"
A welb ’-_‘______/_%__jn—"
z= 62 int

FVx = Ria # R1g) fAweb = (24,790+ 1620) Lbs /i3 o™
= 2,035 /95/< /4/400/051 Ok

'F “(M\a“’/\'\'ﬂ/sxx (/;3?0,7/?1"747470);»( Lé/?38m
- 4 322 ¢ /05/ <,‘2/,éapps/ 4:‘?
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SUBJECT NA|

DtT'WEJ' é} REVISION DATE
Po - Sheer ad buwl—ﬂl(? about Y-V
Ry =P, = 30000 Lbs
Mlmx/b = oz 35000 Lis (561 m) 1,683,000 th-Lbks
loodts

1@\9 R’—/A‘:C'M?% = 30,000 L‘?/‘Mﬂ'ﬂ’ - é/S’Ps; < 14, 4'00[05/
-p 7, = |,6%83,000 1n- Lé/30w\ = /2,?{0/35/ 4.1/;400 ES/

/ orsior -

C adeutate %m r%BﬁMae- of e wid x2)1,
Referemce ; —7)437”\. of U/dM Structures - Blaa(ﬂéﬂ’ 197 %

— 154 L
T =R B"‘“’ 2 (R="

B= pBiLd’°
R i‘-_/;é W= /2t > B> 3 |
= B (e )(1)’ = 4204 F
Ro i b=/575 L/A‘, 0= B=03/3
A= )56 .
Re=0313(1575)(158 = 18.7 0
Rz R+2R>=4.342(157) = 416t
AISC valwe for R = 446 on*=T
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SUBJECT NAMEq é

DATE | / REVISION DATE
2/28/03

Use He AISC value,
,c': /e; 7—: 44& ”)14.

"7{’\: Aorsion = Iét’

A C ot 4000001/L.45 (/)'é,m)
Fk W F dorsion 44.6 nkZ

= (4,000 /05/ </4, 400 p5 2%

| Fr the web frérsm' #00,000 (1) _ ?70/::5/

4.5

—

Zl¢¢po/ﬁ,§, o K

Oombma( bendi ng s+rc$se$

, ’JPL O
4235 4

2,600 :l),b' T

Combined shear stresses

| The combined web shear stresses are ok Aj /ns/aeaz‘,m\,
Combined Qa«?j, shear sfresses

Shear force = SF = £, €
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\ SUBJECT NWS; ‘
| H4a28/03

REVISION DATE

SF(bM“a: 6lS us (/,54% 75741,451
out

ab
Y-
ISF | torsion. = 141000 LS (1.56 ax) = =1, 840 Lis/in

about
XX

bslfont SF = [157.4% 4 2 940* = 21,56 ( Lbs/

Combined. jCV = 2, ?b“’___ﬁiv—_—’—:— /4’ 0/9//03//
n S5Dam
<14, 4oo ps/”
Jk

10.6| AlSC sv‘iffawr ref«ire«m%
10.6:|| Where %& Safpwf*éc,am atlaches +4p Fhe ﬁa«?z,af 1Ae

| drass Lam |,

| T&Saf or‘fécamﬂplé 3?3%&5?}# SO #he Cross
eam 15 oK Since both beams are WM—/Y;ZII and e
amﬁs bear |5 shorter than e Suﬂoart“ beam,

/M'& Cross bearn. ends
| ﬂb Cress beam emds qvre ak 74» e reasmsﬂucn v 8 /0.4.1.

CUV\WS'M a7p 3/0.0 /ﬂ\e Cross beam checks ok ol .
No st&rsﬁ 5{::')(1&% are-

’(ﬁfdub"
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SUBJECT NA Eﬂg

DATE REVISION DATI E
2/28/p3
ot 7

SW{)(JO‘F‘(T -er:t PDw? ME- 427284 Pov 0.
Bzar‘\ng 'h Verdicad darect o | |
The s/Dhean boot is 7A2 sma lles beq riné» area_ %r‘Huz,

vertical reactipng,
v = 6 , )
A p = bearing area

4/0 ﬁ‘d/;’—-’?“é /m«/  RB.2G A ;?U}Ziffo&n:r&;e

Verticad veaction = 24,410 Lbs (§/0,1)

TBP = 26,410 Lé$/25’02‘(m""' '?35/95/’ < ’7300/05/9—;%
/00 Q/am/mzmu /S 7%4 M-efa,é ~h Me beari /aaaf
//0 N FAaz Aqs 7%& lowes# allpioable bea rm%_hztv‘r&SSJ
F ’7,300 /os/

7Z~e —l/brhcaﬂ reaectiove M/%?’Wa/fe’//y ,éaq rs on maﬁufe .
)[-' = 4;,000 )o.s/ ’mﬂ«:n\um 7@7" 'HQ,W P«tté__ P\‘l.'
FP =0.35 L¢ = 0.35 (4000)= /, 00 /o.n

| 935 psi< /, 400 ps; AR
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SUBJECT NAM
o ; DATE REVISION DATE
2/28/23

Weld Wﬁm 5/3/)&:'1'64,( foot and WIE x 2]

Weld - '/4— lb;, Lilletr WMA ELol] electrode
| around +fu; 6'# /D'{wzca_.ﬂfoazf'

Nodd Ca?oa,a%g o, 3(40 000 Lbs )[0 25 x0, 707)4/14 (1in)

T ih of weld
= 3,180 Lbs/in of weld
Weld longk=ﬂ‘ak = T(b)= /8.8 <n

Toted lped WTW? of the weld = 194 Ay 3,)5’0L~é: —
| ik o |

= 57,784 Lés
Ro= 30,000 Lbs & 55794 Lis <k
| The s JD/'\W&C&Q footis made with hot volled Steel. Check
05€. shear stresg,
F‘V 29, 000 /osl Sor Aot rolled stee|, 3 2.3.2
Wse F\/-‘- 2,000 (0.4)= 4, é&b/o.sf
Base muAal Copocity = 0.2554(19.84w)(1), 60 O Lig fr®)
| = 54,520 Lbs > 20000 Les=p, 2K

—




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE
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SUBJECT NAKE

REVISION DATE

Foot

71L 7407‘ orql,ca// Mm\. 5 where +he Ca/gﬁ,r~
[J/MQ bears &armlf\S'f PFB'I‘YMJ.W\J, 4,{%5 or MC ‘7%6—6'

There ave 2. protruclin ng-

cdq,es o;a im\ side - W\ﬁ
0 !

X3 /)n‘a/oo?ew/e
Ay > 2(1.5%1) = 3% ommimym

C Baseplate |
b0O6[-T6 aluminum

Fr c:l-mr\ wil A seme -f'-v%z_ lpad., Use: fm/f +he
MIA. Jaent vg 57‘4722 71 Fricton 1o be. on +he sqefe
sSiaAd |

M=0.61 aﬁcff cient of s%a:évc Frictron. , aluiincm,
on Mild steel,

Friction Jorce -}&_gﬁ oz,/ (24; 410 L65)2 B 000 Lbs

fr= Re—fricriom foree)/Av :(-3%0 000 -8,000) Lbs/ 3.in ™

735’9 psid. 11,600 psi ok
8.
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2F . ENGINEERING NOTE - 24

SUBJECT ' NAM 3

037‘2 g/@ 3 REVISION DATE

Shim capture blocks Dwg ME-4272L1, Part 2

| /}5 Xy (aj{a% 4?1 33, O‘/ e calenlptions 'JGM
s point o, will use +he 48,800 expamsion force
,for the mild steel— aluminum slidingl surfaces
instead of the L0006 b cxpamsion fIrce for
mild Steel — mild steel gliding syrfaces fhat 4he
rest of ha Carr»’d?x 5 Azsr?» —fvﬁ

The ctlufmimum shiy K. i% | b
blocks. There /3 opfn«a% Ioall< gfet%s/z@ f:}";&
f‘&&'l’m»a»u La r shim lfoao}a. o

Follow $5. | calcalate He aymum expansipn

| Force applied to one 5u]alnor7"bam:

48,200 - 24,400 Libs [vs 30,000 Lés ysed in q//)
2 /@revmug sections.

Friction wAll hold some of tha. |oad. Use e resistive
Leictionad force calewdatred tn S 2, 8,000 Lbs. |

Force aloplfcff( b the weld ona ca,lo{uve black

= 24,400 Lhs— 8,000 Lbs = /6, 400 Lbs

wa o‘{‘ Wdﬂ(. =8"

Unit wekd loed = 16,400 Lbs /B in = 2,050 Lés Jineof

eld-
The weld. js a Darfiad penetratiom groove weld uﬁ%

S= I Thi edfedtve Hhroat & = S—%=Y-%=3 .
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| " . ENGINEERING NOTE 35

SUBJECT NAME ! 11 S

| 0229’/;0‘_3 REVISION DATE
Use Z60xX dza‘—m&&

Welk copacity. = 3, sux len  , 0.3 (Lo,oco Lbs \
wf Jg/ 7y of wdd * (¢4 ‘ﬁ—v>

= 3,375 Lbs >2,050 Llés g |
h o weld V] az wtld

fure blocks and plate fheyre weld e
%Wwff hot vfu% /iea eqia'fm bi’gtmz
sheay stress.

Base meAed W”L& (Ypin) (820 ) 1] 600 Lés/u&)
ﬁfomfll 2

=17, 400 Lbs > /6, doo Lés OF




| 3. ENGINEERING NOTE 36
N SUBJECT NAM;Q/M; | —
. “ 5 éulde, PMS 4 ﬂfQM mdj 035/28/,/03 REVISION DATE
Guide PSS (Drill rod.) |

st

) 5/;001/0( /<

SECTION PROJECT SERIAL-CATEGORY PAGE

| Load 'Per fsm, = |6 4«00/4»‘-’* 4100 Lss

| The top slide plate is hot volled steel, " thick. Fy= 2?,000/05:.

- |Lach of Fhe fouv pins -

'Plak»e/wvw duiﬁf«a‘f"a ressiom

FHU"IUV\ Mwm‘lfteéldz r lafe.am,&%ﬁ'& ba:e
7%, -/v plate f:fm g anl 5&”/4
ooy 25 o g net exparis, rce.
calculired, in 5,/’ %, o parision

Net erpansion «Gme = loydoo Les (31L.4)

Nealeet any rods clamping foree . See § U152 4or clom
% ”’\f{ ‘ MM?D ‘? ﬁy% e force cshfnaﬁe

&daulaf ﬁzﬁearmgywa_ with- a pin:

Ap = 4,100 L5y AR NT P e
e 2§, 000 &tZ

Dcpfk of ‘Jea«vrw% =p.5"
| Width of burrw%, ovea = 0 VA0S0 = 0. 28 oo
Plote ’MW@MM resul+ ™4 frovn Jocad 4740%»7 ot

| X% 0. 14%20.5 " = x = 0, 48 im

»)( =0, —a.l»&’
= g0 gk

| 7
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| Check Pin stresseS —
Pin mateviad: Drill rod stsck (nﬁ-t- heat treated 4o Al

Aness

Hwo\ness—- B34 b Blo0 = Fry = Zgo00ps,
Use /—’d« =dY,000 /«252

Use. Fy= 0.6(25,000)= 15000 psi
Fv /57000/;, = 7) S?O/:)s/

Ac= Td7L > T (1% 6= .76,

14/ = 4100 444/@783’4,;, == 97,195/:5; < 7,800 ps/” 2£
S = A oo = TV 52 = 0.098.4n

B«m/ﬂg Mmovend on frin= Pe = 4,100 Lbs "f-),;n

= [,025 an-Lbs

4y Mfs = (09 n-Lbs/0.09§ n = /0,500 p5’ < /5] 000 psi

Oid—

Conclusion: Both Hha | pin and its hole will deformn
uw\h( wau?}\ Lontactarea 15 a‘tfu’n&i 1‘9

e MMM‘I&/’S —ﬁD’Kr\. ‘C/{‘V[ ’ W
et 1

eformation i3 gee eg0 Bk, Fin
=+ rcggeg qre ¢9I<
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/1.5, 3 Threaded. rods

Thread 6704447(‘? = 233 in"

ﬂg_—/wa /9" yz" wtdds at e end of Hha rod gre 0%%

JD ke, e reeded rod_ an the plate during
and Méfai&vﬁm\ The welds LIl break wi es The |

%%&nu

5hlPP/
nuf /.s‘%

|Estmate rode /;om/aw( based on foad éfdau)} of 1he internal

Rod. WMIM dtanpefer = [ o threads

| Effective thresd. %ﬁafgw /w;;% -

/’/,ufe, wmateviak ; Aot rolled s tfee/

* Iy 600 L& - /3,500 Lis
'7)

L sia
Kod. material allowable stresses

| Fa = 125, 000 7;3,‘ minimune  Hardress= 28- 32 Pe
| F}‘-‘/ 0§, H 00D ~v,°5"" MM h/ e~
| Fv= 007 Fu When threads are not excluded frova shedy

Cblm«c Based on. untheaded nominal
qres .

Fv= 0/7(/,79’000 Psi) = oz/, 250 psi
Fr = Fu/.’z = 125,000/3= 4,400 psi
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1helate sli j /"¢ rod
gs_po fe sp@lﬁm oFf he "¢ rod witd #he
f) _

émmm :Bwls us:c/a Asﬁé;é s'arAM ots
1h the AlSC Mamud] fruction .

| Ps= Allowable slf‘/:-wmfsff?fa;u_e_,

Ps= Fs As Ny Ns

Fi= 15000 psi (S1ip Ioek per umitof boltarea, Table. 3)
Avz Tdft =7 (04> 0.785 4™

‘/\/6 = 50/—(* |

N5 =/ ;/r,/o/am,a_

Pg/- 151000 Lt y0.785 2% 0 | 51 = /1,775 Lids
A32§ o

The predoad on a0 A325 bolt 1s 57,000 Lis mmmuin

/3 | = (// 775 Liés /3,500 : Z,ppo Lis
/3/5-00 L4s ’ 5‘/, ) /

,, Condw‘m‘ Each /f 37 rw{, M// twld gbout

3/ oo Lb Y ce .
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Check rod stresses

1Load por rod = (/4, M%Z) -3 000 = 5,300 45
Ae = Td ] = ﬁ(lm)/¢ 0.785 <n"™
Jﬂv =5, 200 Lbs/& 788 am® = é/é.?S’/'Dsz < &/, .?fopl
Adzfsf Fr 4or v Use Fhe AISC Formula_fox
5 o lte simcee iTs F, ) AGO06 psi, 5 close. o
te rod WM/M |

- feT - et =16 ) 476 b2525)

Fr = sq&00 ps/

\Axidd strese de 4o M///:re/ow(; 74rce -~ 13,500 Lbs
: 0,785 v

74*/ =17 0700/361'
BW% moment on rod, = Pe = 5,200 Lis (22 )
= 1,300 1u-Lbs
=1l a0 = T(1)/32 = 0,098 n3
= Mfs = }300 ,;(La/o,owm;, ,3/%57)5[

z a)mv@ sfregses = 17,200 + 13, 2é5’=~30,4—é5i05:_<37, :Zc\‘/,
- -
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Crleckote he éeaﬁng areo. with a ro, -
| ”]CZL 1‘0/9 shide plate /s /laf rolled Sfeel, Y k.,

7 ,000 7,

/?/a-.— 5200165y, M _ p a5t

(D&Ib#{ wﬁ bmrrné, 0
WL‘H\ Of Bcaw‘hé, ar% = 02.,.441 /S’M = 0:5¢ 4n

um-&uj_ 0
%& ;?%e gl ;;ib;lf?/ fr m fpcdl ?f‘ﬁufhj al

T4 0.28%7 0.5 DX= 0.4 4n
?/WWW d&f%o('mlfr%s/m

R

 fhread.
ff’w‘l .

| Conctusion. : The hote wnll de—ﬁrm unti | empugh. contact
| arw's attamed 1o sfop life from
% The esfimmared. defdmation is
f Kod stresses are oL |
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/.| Slide dase 2; EXpamsiom. Foot base welds
,724 ?,’UWTWW\ weld /el/uj% on 2ach of Hhese bases

As discussed m §/15.1, Friction should Hase

plates From s mw\ﬂ Bt check e weld Hod +he not
4&)‘/3%5/07\ rce

Net G pansioy foree = /6, 400 Lbs (§]1.4)
Zaa,d/uuf’hc«/» of weld - /é d00Lbs _ 2,050 Lbs

(Use E£LoxX electrode. 287 eywd% fitlet weld.

an of wéld

\\

™M of weld ’h of weld
Base metad %w@ = 03 755my Lin, /I, 600Lbs
| | in of weld 2

an of wel - n 0Ff weld
Conclusions The welds are. sufficient

8 in of weld™ th of weldl

Weld aapaci 0.375% (0. Do DX (2%, 0.3 (60, 000 Lb4
Cop = 03750 (p Do Dx 0.3 (60 OO\,‘;’E«)

4770 Lbs S A0S0 _Lbks ok

= 43250 Lis | > Zoso Us oK

ll'
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1.7 Wedds Aﬁ wen the .6456 late. and, The ang
embedded. 1n 7% %argc hall concrefe pit /mer

e T WAk, Z;iﬁ"/;d AL L Lo

7Z{, weld size, lem ?ﬁ% and loading are ﬁ)c same.
as checked in SH.b5 7

gon clusion ' The welds are suffycient.

13:0| Rails - Dusg M $27272
The module sufflgrc‘/oMS ( V=block. a/M? f(a)l’[lu“e

siton Hhe raal sfresses are. +he
mopdud e Mgmcerm; wote b 3 fael Silva, MD-ENG-0I&,
$/l.0.




I-DEAS 8 m4: PARTICLE PHYSICS DIVISION : USER.rafael : /cadwhs/server03/ms_ra : 10-Dec-01 15:24:41

Database: /cadwhs/server(03/ms_rafael/hornl_module.mfl ' Units : IN
View : VIEWl Display : No stored Option
Task : Post Processing Model/Part Bin: Main

Model: module_w_ss_slb ) Active Study: DEFAULT FE STUDY Parent Part: module_w_ss_slb

module_w_ss_slb

Strip Line

Plotted by rafoel on 10-Dec-01 , File: hornl_module_shode.pff




To analyze the connections, another model was used. For that, the original model Was copied and
the 10-inch plates were coated with a 3/8” thick shell providing means of obtaining the moments

at these locations. A Z /3

2.2.2. Parameters Used 7«_ MS
e Program: SDRC I-DEAS v. 8m4 / Simulation. ?/ 2 ?/ 03
e Analysis: Linear Statics
e Material properties -
All elements are the default generic isotropic steel:
density = 7.317372x10-4 1bf.sec2/int
n =0.29
Shell elements have E = 2.99938x107 psi (default)
Solid elements have E = 2.0x107 psi
e Elements:
Solids: solid parabolic tetrahedron with 4” average mesh size.
Shells: parabolic quad shell with 4” average mesh size.

2.2.3. BoundaryCo_nditions

The operational load is estimated to be:

¢ Module main frame: 30,100 Ib
e Components: 5,100 Ib
e Hornl: : 1,000 Ib
e Tank (full): 1,100 1b
e Strip line: 13,500 Ib
e Total: 50,800 1Ib

Just for reference, the estimated weight for the large module stand is 3,200 Ib and for the lifting
fixture is 1,500 Ib.

For the model, the loads were:

e Weight of modeled steel parts = 32,580 Ib (own weight)

e Contingency (by using g =400 in/sec?) = 1,125 1b (extra)

¢ Total force on top of the strip line box = 13,520 Ib (strip line)

¢ Total force inside the sidewalls = 1,885 Ib (grout and steel)

¢  Total force on top of 10-inch plates = 7,200 Ib (horn, components, tank)

The total vertical reaction is 56,290 Ib and the reaction from the lateral load is 5,7391b.

The module may be supported by its arms or by its lifting hooks. It may be possible to support or
lift the module through 3 points only but, because of the position of the center of gravity, 2 of the
3 points have to be located downstream.



2.2.4. Results

» A3z
Ams

22803

The maximum Von Mises and shear stress (ksi) and overall deflections (in) are indicated in the
table bellow. For the linear buckling cases, the buckling load factor is indicated instead.
Reactions are in kips.

Support [Number [Linear |Boundary [Load Set |Restraint [Maximum |Maximum |Maximum
Member |of Analysis |Conditions Set Von Mises|Shear Deflection
Support | Type Set Peak Peak
Points ' Stress . |Stresses
Arm 4 Static 1| operational 1 7.96 4.27 0.011
3 Static 2| operational 2 9.95 5.13 0.072
3 Buckling 3| operational 2 BLF = 53.3
Hook |4 Static 4| operational 3 2.15 1.13 0.008
3 Static 5| operational 4 3.55 1.91 0.038
3 Buckling 6] operational 4 BLF =91.0 .
Support Number of Upstream Downstream Total
Member  |SuPPOt | s Line Side Other Side Strip Line Side ther Side
s Rx | Ry | Rz | Rx | Ry | Re | Rx | Rv | Re | mx | Ry | Rz | Rx | Ry | Re
Arm 4 9.7 4.5 136| 34| 54| 285 34| 54| 563] 0.0
3 13.9 237] 33| 54| 187 -33| 54| 563 0.0
- |Hook 4 14.1 3.0 104| 41| 54| 288 41| 54 563] 0.0
3 15.0 245| 40| 54| 168 -40| 54| 563 00

As can be seen on the plots attached, only a few spots of the structure reach stresses above 1 ksi,
which indicates concentration of stresses in those spots.

Maximum peak Von Mises stresses < 10.7 ksi
Maximum peak shear stresses < 5.3 ksi

Hence, the structure is OK.
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