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Abstract/Summary:

The Tail-catcher and Muon Tracker Detector (TCMD) is composed of eight
4” steel plates and eight %” steel plates. Each plate is 43” in height and 56”
in width. Between these plates, there is a 1.25” gap to permit the
installation of the Cassettes. These plates are supported by the support
frame which also doubles as a lifting fixture. Thus, the TCMD can be lifted
by the building crane at four pick up points at the top of the Support Frame.
Two of the larger pick up points are used to tilt the whole assembly 90
degrees.

On the bottom of this Lifting Fixture and Support Frame, four Hilman rollers
are attached to permit horizontal movement of the assembly. This Lifting
Fixture and Support Frame is supported by a Positioning Frame which also
has four Hilman rollers to permit horizontal movement along the beam.

The Positioning Frame rolls on steel plates which are supported by the
concrete shield blocks. These blocks are necessary to elevate the TCMD to
the beam height of 65 above the existing floor in Meson Building.

The design analysis was performed according to both AISC, “Allowable
Stress Design “Code and ANSI B30_20,”Below the Hook Lifting
Devices”. The results show that all members will safely support TCMD
assembly within the allowable stress and deflection limits.

Applicable Codes:

1. AISC Manual of Steel Construction, Allowable Stress Design, Ninth
Edition

2. ANSI/ASME B30.20-1993, Below the Hook Lifting Devices
3. Hilti North America Product Technical Guide

4. ACI 318-02/318R-02, Building Code and Commentary, 2002
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Edition, by Avallone Baumeister

3. Design of Welded Structures, by Blodgett
4. Steel Design Manual, by R.L. Brochenbrough
5. Structural Steel Design, by Lynn S. Beedle

6. Fundamentals of Mechanical Design, Third Edition, by Phelan



Tl (oot 20 won Tho diss Detacr TMERD 7

4B Voo d Lo Liftury fiichare anel Sppor {rame
41?(@ \/Vm{r% = 4%Y3”4)/ U x 49%15 = 273/[5/(
o - 0ot
3/@ Pt Wf)f{,'r":; = 27%/%25 = b/?%;

Nodelo i (U = 8 2231+ 27 b1 = 25945 Phs
(psects waifit = 14 (e)2 32 = 510 2bs

Thwy, Modly ard (o57ts weddd = 25945441,
v /
= 2bUs) b,

Wie 30009 /Lﬁb), 2%
0(/(» i/) Lo - ,/

@)

2 /{t/\ 01/}”\/\/{75,)! om ]qn,{‘\g

L e Mim/w/ Gf% }[ K e amf 9»Wmt Imee g@&/w/‘

ﬁ’foMg e bt & §W0§/ﬁ4\<jfo//{oz/§ 0ad cases

boad tase 4 T point b\jt q&om bl ond

Wod (ose ) - FOW/WIML M]% j%m horaertsf (WN @;5)

bad care 3, %y on He Thin End after e
fotwlof 40°

(/Ow{ (e 4 - Hi lman Rotl ¢y %Wyff

The Iraiomm Acfliion on He hinns pbdty (s 091




$ {
| 2
2

5 el by pogpd on te TR riceds
8 OO(W”/}/} é/é/%é -

- T

T ed 1 C (20w

= 13544 (1) r=230 ~
- Qy;v

o by () T7o8

My = gopul (B

Ce= 11/, 4 Jé);é/[c“

Fa:&f:/ & = 047,

=0850xdf =

2422 ke,
rT:%: Lz

XH 153k |

186 _
A

Gf)vmy

74

~J




}
{

i
{

B = fg o

=

~—

(2

8 £1762)"% (st 1762 )%

Sl
%:V“ 3 </ \\)/(/,j,)i‘ib?cx/(\
c My — 4oba \
Pl L LA,
{k;z_f m‘:& 32812 - ~
c - ;e
o /2‘{ v/
Ty =Hp - —5\?/“ = =3 =15
&OMEO)\V‘%X 5775)/
/.
=2 195 0.(3 <Lo.(5
ro 153
W/ ﬁwt:fﬁ vz <
5’; Fb)(+ > o
33%)
0)/%+\ <+ 2 o T
53 " B = 00 <
%*"i’x A
fox =~ Thz
35/ 2
O'l +L ‘7 - r~
3 (5\—5 +’/§\'/>§ 0.5 L {




b \ Cﬂ((m\mn bix i — A 6367 Wed
SX=E3u
- / = ?6 1 I,
he= —quy (s)
e b

o= ©wb930s)
mX = 17/5 f57 (V/ff’/CF"
i / - dor | }/'7/\;

Vi

Mo = 1592 (%B)

Tons, / Mimm“ ; 3% (a) = %: 5943

Ty T30k

- - M2 1597
onds {px= 1z 1597

i xRy
0 0 &/ Y§
ﬁ—L 15% * /;7)\\75 = 0 6 <{(<9
"Qt Y ,§
‘ b
e + {
e H}f *ﬁ*% LS
0.0 20/07/ 4\77
OI* 157) - {5,38:0{6 <!q®




B. Wands
1/28/05

The following table gives the forces acting on each pick point for the case of a four point
pick with unequal sling lengths (as specified by I. Fang on January 27, 2005)

Sling Reactions at Pick Points

Point FX FY FZ
1 7056 6278 7368
2 -7029 6247 7342
3 -9772 8878 -7378
4 9746 8855 -7331

1
4
2
3
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Now, use the reactions from the table to calculate the forces and moments on sections 21
and 22 (from the sling reactions on Points 1 and 2 in the table). Note: Sling reactions are

not quite symmetric. Since Point 1 has slightly higher loads, it will be used to evaluate
the section.

For the calculation of moments, a lever arm of 3 inches is assumed.

22




At section 21, the forces are the same as the sling reactions:

Fx = 7056 Ibs
Fy = 6278 Ibs
Fz = 7368 Ibs

The bending moments are:

Mx = 3Fz = 22104 in-lbs
My = 0 (no basis for calculating the torsion)
Mz = 3Fx = 21168 in-lbs

Section properties for a 6x2x0.3125 wall tube:

A =5.08 in’
Sxx = 2.62 in’
Szz = 5.34 in’

Stress from normal force Fy = 6278/A = 1236 psi
Stress from bending moment Mx = 22104/Sxx = 8437 psi
Stress from bending moment Mz = 21168/Szz = 3964 psi

The total normal stress on Section 21 is the sum of these three stresses:

1236 + 8437 + 3964 = 13637 psi

The shear stress in the xz plane is caused by Fx and Fz. The vector sum of these forces is

10201 Ibs. The shear area is A = 5.08 in”. Therefore
The shear stress on Section 21 is:

10201/5.08 = 2008 psi
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Without Extra Plate

Load Case 1 - Two point lift from 6x6 end

Joint FFX FFY FFZ MMX MMY MMZ

1 810 43547  _6254 40615 39669 32803

2 1680 6855 550 17293  -17186 15151

3 622 441 25 1454 1862 651

4 602 345 106 1130 923 177

5 -182 193 -16 -70 87 553

6 126 228 22 12 24 -750

— 7 132 246 150  -1704 131 261

8 144 281 164  -1847 74 2750
9 -50 -1 114 -1570 147  -2018
10 -18 -1 89 -2025 -83 2090

11 | -1981 7497) -10334_ 30453 8514 c-11611

12 ; 3 3335  £10767 ) 24730 20217 3392
— 13 275 2816 510  -3161 5782 -4167
14 (-1578 2518 647  -4027 4858 3665

15 -73 -144 66 -19 273 146

16 -3 A8 -16 -140 92 -116

17 132 -163 19 -164 2% -575

18 98 -431 539 1111 244 1238

19 3 -50 73 -186 -50 116

20 -565 -150 481 1129 553 1201

21 0 5 8 28 1 1

22 0 -4 4 9 0 1

Load Case 2 - Four point lift from horizontal

1 1268 9318  -3709  -4873  -7200  -12220

2 840 6371 -134 2841  -6175 6703

3 623 1185 292 2368 326 2489

4 444 966 328 2114 376 2188

5 | -984 2244  -1071 2357 2241 3572

6 752 2366 -740 2965 552 4386
—7 -6608 954 -6114 (272720 4990 25423

8 6925 524 6947  -19239 <8501) -17785 \
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166
-91
-2106
1964
| 5
1 -614
233
-10
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10
-132
5458
-6082

-4447
-4365
-2596
-1980
-3877
-3133
-2194
-71
-2238
-1631
-55
-1503
5798
6276

Load Case 3 - Sitting on Thin End

1 -172
2 169
3 -62
4 74
5 -110
6 56
e -198
8 208
9 -193
10 170
1 1149
12 -1121
— 13 952
14 |-975
15 -1
16 4
17 18
18 -47
19 4
20 38
21 98
22 -125

-39
-48
-111
90
-4
30
67
116

-383
-20
7521
6528
=776
-85
1122
-84
773
-719
84
-900
5426
6228

-2410
-514
-2687
217
389
228
606
484

8704 4116
10715 -2963
9044 -3120
4847 1803
4057 -1237
2330 2186
3526
734 -188
3234 3077
-2383 247
1164 -378
-2475 =272
24064 -100
12264 3735
261 636
220 -460
-26 1123
112 -876
41 -379
-13 309
-482 1921
-332 -1301
-825 1547
613 -1728
353 2262
689 2105
199  -1278
10— 1388
-773
-822 -105
-806 -53
829 539
103 -120
953 765
522 98
496  -192

2887

T R

-13025
10962 |
-1003 /
3401

11280 |
10924 |

5514

581
7521
4142
581
-2960

-33243
17098

271
-38
-295
223



With removable beam moved upward to be flush with plates

4107

I

-13559

\

\

|
|
|

/

4726  -1783 9437  -14201
1166 6728 83 3076 -5551 8158
-519 1028 271 2144 2 2200
443 999 302 2140 391 2379
842 2025  -997  -2103 1941 3216
{703 2109 663 -2658 658 -4200
-5151 78 5168 -18097 8128 12923
5259 214  -5340 -17166  -71722 “AT9Ss

2162 -3790 -522 7700 3468 9718 |
92 -3976 3 9585  -2386 10734
2506 -2652 5490 3061  -2243 1093
2530  -2370 5490 3033 960  -2449
2 a7 140 2516  -1941  -10298
104 3565 90 -3147 1889 10965
203 -1953 1049 3392 2730 8580
-6 71 -80 -696 -151 51
58 -2004 691 2815 2602 -6044
211 -1450 680  -2023 483 3222
6 -55 80 1116 _156 51
112 -1545 776 -2393 91  -3717
4471 5963 4693 12517 4077  -14794
4464 5939 4680 13679 = 4024 15976



With Extra Plate

FFX FFY FFZ
-806 13549 6255
1678 6852 -552
-622 440 -26
601 345 106
-179 177 -9
124 212 25
181 149
230 164
42 -106
40 -86 20
{7499~ -10333  [-30487~
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-2813 \\—505/}
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-148 16
-431 539
-50 -73
-149 481
-143 -11
-66 -6
1278 9352 -3607
843 6610 -85
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445 991 328
-855 1911 -1003
622 1992 -687
=227
' 634 -496 -6997

MMX
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-1568
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