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Abstract/Summary:

Two layers of muon tagger panels are planned to be installed on the top, bottom, and
on the two long sides of the Liquid Argon Time Projection Chamber (LArTPC)
within the Liquid Argon Test Facility (LArTF). Commercial items B-line strut and
fittings /connectors are selected to form the needed support assembly. The top panel
group consists of a set of panels with total weight of roughly 7,500 lbs, being
supported by a grid of B-line double channels B22A and C7x14.75°” C-channels. A
total of 14 vertical legs and an array of diagonal supports are made from B-line strut
as well. This note shows that the support assembly is adequately designed to safely
support the load.
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1. The top panels design
The top panels consisting of 16 long modules and 8 small modules, which
are supported by a table-top manifold with 14 legs, and diagonal supports as
shown in Figure 1.
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Figure 1. The Top Panels

2. The design of the top panels support

The support assembly is shown in Figure 2. It is made of a set of commercial
parts of struts provided by B-line basically. However, since six pieces of long-
and-stiff C-channels C7x14.75 are found available, they are set across over
the existing cabinets and cable trays properly so that additional posts are not
needed to set in the walkway. Some C-channels are revised to set sticking out
from the posts so that more additional channel supports can be provided in
order to minimize the panel deflection. The panel handling experience that
1 cm is allowed to be deflected within a 1 m span is still observed in this
design. Additional B-line parts and braces are added as appropriate so that a
robust support table is formed.
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B-line channel B22 and post base items are used for the table legs. About 110
inches of space under the table top is thus created and it is clear of any existing
hardware in this level of building. The post bases are being mounted to the
existing I beams with some proper spacers in between so that no opening of
the existing 1.5-inch fiber glass grating will be cut. Wedged washers for
fastening parts to the C-channels will be used. Threaded holes are made on
these I beams and the hole locations are shown in Figure 3. As this
scaffolding-like support structure covers all panel regions very well, and each
panel is supported properly with the local supports, any partial loading of the
panels will not be an issue.
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Figure 2. Support Assembly for the Top Panels
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Figure 3. Hole Drilling Locations on the Existing [ Beams

The properties of B-line channels B22 and B22A are shown in Figures 4 and
5 while other parts being used in this support structure are shown in Figures

6, 7,8 and 9. The property of the non-B-line part C-channel is shown in Figure
10.
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B22 Channel

B22
¢ Thickness: 12 Gauge (2.6 mm)

¢ Standard lengths: 10 (3.056 m) & 20’ (6.09 m)
e Standard finishes: Plain, DURA GREEN™, Pre-Galvanized,
Hot-Dipped Galvanized, Stainless Steel Type 304 or 316, Aluminum

¢ Weight: 1.90 Lbs./Ft. (2.83 kg/m)

Note:

Aluminum loading, for B22 & B22A, can be
determined by multiplying load data times a

factor of 0.38

131"
(20.5)
Section Properties X - X Axis Y - Y Axis
Areas of | Momentof Section Radius of | Moment of Section Radius of
Channel Weight Section Inertia (I) Modulus (S) | Gyration (r) | Inertia (I) |Modulus (S) Gyration (r)
Ibs./ft. kg/m | sq.in. cm? in* cm* in? cm? in. cm int cm? in? cm? in. cm
B22 1910 (284) | 562 (362) | .1912 (7.96) | .2125 (348) | .683 (1.48) | .2399 (9.99) | .2953 (4.84) & .653 (1.66)
B22A 3.820 (569) | 1.124 (7.25 | .9732 (40.51) | 5989 (9.81) 931 (236) | .4798 (19.97) | .5905 (9.68) | .653 (1.66)
B22X 6.649 (9.89) | 1.956(12.62) | 4.1484(172.67)| 1.7019 (27.89) | 1.456 (3.70) |1.1023(45.88) | 1.2027(19.71) | .751 (1.91)
Calculations of section properties are based on metal thicknesses as determined by the AISI Cold-Formed Steel Design Manual.
Figure 4. Properties of Channel B22
Section Properties X - X Axis Y - Y Axis
Areas of | Momentof Section Radius of | Moment of Section Radius of
Channel Weight Section Inertia (I) Modulus (S) Gyration (r) | Inertia (I) Modulus (S) Gyration (r)
Ibs/ft. kg/m | sq.in. cm? mf cmt mn? om’ n. om mnt omt in? om® n. cm
B2 | 1910 284 | 562 362 | 1912 (796) | 2125 (348) | 583 (148 |.2399 (9.99) | 2953 484) | 653 (1.68)
B22A 3820 (569) 1.124 7.25) 9732 (4051) | 5989 {9.81) 931 (2.36) 4798 (19.97) 5905 (9.68) 663 (1.68)
B22X 6.649 (989 1.956(12621 | 4.1484(17267) | 1.701912789) = 1.456 3.70 1.10234588) | 1.2027(19.71) 751 (191

Caiculations of section properties are based on metal thicknesses as determined by the AlSI Cold-Formed Steel Design Manual

B22A

Wt. 3.80 Lbs./Ft, {5.65 kg/m) “13)

Figure 5.

Properties of Channel B22A
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B280FL

Post Base for B22

¢ Standard finishes: ZN, GRN, HDG, SS4
e W1t./C 312 Lbs. (141.5 kg)

2 Holes

Figure 6. Properties of Post Base B280OFL

B133
Four Hole Tee Plate
e Standard finishes: ZN, GRN, HDG,

SS4, AL
e Wt./C 75 Lbs. (34.0 kg)
py Al 9.

GRN (88.9)

53/8 "
(136.5)

=
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Figure 7. Properties of Four Hole Tee Plate B133
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B230
Two Hole Corner Angle

e Standard finishes: ZN, GRN, HDG,

SS4, AL
e \Wt./C 37 Lbs. (16.8 kg)

PA

GRN

17/8"
(47.6)

N

21/18"
(52.4)

Figure 8 Properties of Two Hole Corner Angle B230

B631 - Two Hole 45° Tubing Knee Brace

® 1" (25.4) Square steel tubing
* Material: ASTM A513
e Standard finishes: ZN, GRN

¢ Design load determined by testing using a B335 hinged corner connection.

¢ | oad ratings are for brace members only. Do not exceed allowable beam
or column loads for strut channels.
e Safety Factor of 3

Part A Design Load Wt./C
No. In. mm Lbs. kN Lbs. kg
B631-18| 18" (457.2) | 1500 (6.67) 145  (65.8)
B631-24 | 24" (609.6) | 1500 (6.67) 186 (84.4)
B631-30 | 30" (762.0) | 1500 (6.67) 225 (102.0
B631-36 | 36" (914.4) | 1500 (6.67) | 266 (1206)
B631-42 | 42" (1066.8) | 1230 (5.47) 307 (139.2)
B631-48 | 48" (1219.2) | 940 (4.18) 348 (157.8)
B631-54 | 54” (13716) | 740 (3.29) 389 (176.4)
B631-60 | 60" (15624.0| 600 (2.67) 430 (195.0)
B631-72| 72" (18288)| 420 (1.87) | 508 (230.4)
3631.34[ 84" (21336)| 310 (1.38) 589 (267.2)
B631-96 | 96” (24384) | 240 (1.07) 669 (303.5)

Design Load

Figure 9. Properties of Two Hole Knee Brace B631-18
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I-'—'-l—tvf
in xIb/ft Area(in®) d(in) bf (in) tf (in) tw (in) Ixx(in?) Iyy(@n') xb (in)
C15x50 4.7 15 3.716 0.65 0.716 404 11 0.798
C15x40 11.8 15 3.52 0.65 0.52 340 9.23 0.777
C15x33.9 0.96 15 34 0.65 04 315 8.13 0.787
C12x30 8.82 12 3.17 0.501 0.51 162 514 0.674
Cl12x25 7.35 12 3.047 0.501 0.387 144 447 0.674
C12x20.7 6.09 12 2942 0.501 0.282 120 3.88 0.698
C10x30 8.82 10 3.033 0.436 0.673 103 304 0.649
C10x25 7.35 10 2.886 0.436 0.526 01.2 3.36 0.617
C10x20 5.88 10 2.739 0436 0.379 78.9 2.81 0.606
Cl0x15.3 440 10 2.6 0.436 0.24 674 2.28 0.634
Cox20 5.88 Y 2.648 0413 0.448 60.9 242 0.583
Coxl15 441 Y 2.485 0413 0.285 51 1.93 0.586
Cox134 3.04 9 2433 0413 0.233 47.0 1.76 0.601
C8x13.75 4.04 8 2.343 0.39 0.303 36.1 1.53 0.553
C8x11.5 3.38 8 2.26 0.39 0.22 32.6 1.32 0.571
C7x14.75 433 7 2.209 0.366 0419 27.2 1.38 0.532
C7x12.25 3.6 7 2.104 0.366 0.314 242 1.17 0.525

Figure 10. Properties of Steel C-Channels

3. Allowable Load
Referring to the channel information provided by B-line
(http://www.cooperindustries.com/content/dam/public/bline/Resources/Libra
ry/catalogs/bolted framing/strut systems/Channel.pdf), the design loads
given for strut beam loads are based on a simple beam condition using an

allowable stress of 25,000 psi. This allowable stress results in a safety factor
of 1.68.

4. FEA on the Support Design
A Finite Element Analysis (FEA) was performed on the panels and support
structure using a decent meshing with beam and shell elements as shown in
Figure 11. The result of the resultant stress is shown in Figure 12 and it is
basically well under 10,000 psi everywhere. The maximum of 23,000 psi is
found at the local contact point between the top of a C-channel beam and
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the double channel. The maximum deformation i1s 0.25 inches and occurs
at the edges of the small panel at the far end and the result is shown in Figure
13.

Figure 11. Beam and Shell Element Meshing of Panels and Supports

F10061445.5im1_A : Soln 1 Result

Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, Von-Mises
Beam Section : Recovery Point C, Shell Section : Middie 16E+004

2.36E+004

Min : 0.00E+000, Max : 2.36E+004, Units = Ibffin*2(psi)
Beam Coord sys : Local
Deformation : Displacement - Nodal Mag

2.36E+004
I 2.16E+004

' 1.96E+004

1.77E+004
1.57E+004
1.37E+004
1.18E+004
9.81E+003
7.85E+003
5.89E+003
3.93E+003

1.96E+003

0.40!5 +000

/\.
Units = Ibffin®2(psi)

Figure 12. The Resultant Stresses of Panels and Support
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F10061445.sim1_A : Soln 1 Result

Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.253, Units = in
Deformation : Displacement - Nodal Magnitude

0.253

0.232

0.211

mm 0190

am 0.169

0.148

0.127

0.105

0.084

0.063
0.042

0.021

Units = in

Figure 13. Total Deformation of Panels and Supports (True Scale)
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The reaction forces of each vertical support leg were plotted in Figure 14 and the
maximum was 1,777 1bf only which is well under the vendor’s allowable
compressive load of approximately 2,800 pounds as shown in Figure 15. The total
of reactional force is about 11,000 1bf, which is the summation of the total panel
weight of 7,500 lbs plus 3,500 Ibs of supports.

F10061445.sim1_A : Soln 1 Result
Subcase - Static Loads 1, Static Step 1
Reaction Force - Nodal, Magnitude

Min : 0.00, Max : 1777.26, Units = Ibf

Deformation : Displacement - Nodal Magnitude

1777.26
l 1629.16
& 1481.05
— 1332.95

1184.84

1036.74
l 888.63
I 74053

592.42

44432

296.21

148.11

ok

Ve fX

Units = Ibf

Selection : 14 Items
Values

Min 16.694

Max 1777.262

Avg 792.041

Nodal Results
Mark Selection

Boolean Operation

Pick | Single

=%

1253.56 /
742,526 ”
1777.46 ¢
16.694 ?
4 16.694

54.84

Pick from Model oG

Mark Result Values ¥

Dimension | Any ¥

NodeID
319688
320021
Sum 1.1089E+004 -—-—

= Gm B R

660.759
%

Close

558.9471

8441760

276.8986

1503.13d

763.411

1299.51d

Figure 13. Reaction Forces on Vertical Supports

1020.16?4
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B22 Column Loading Data

Column Loading

Max. Column Loading K = .80

Max. Column Loading (Loaded @ C.G.)

Unbraced Channel Loaded@ Loaded@
Height Style C.G. Slot Face K= .65 K=1.0 K=12
In. mm Lbs. kN Lbs. kN Lbs. kN Lbs. kN Lbs. kN
B22 10454 (4650) | 4276 (19.12) | 10598 (47.14) 10222 (45.47) 9950 (44.26)
12 (305) B22A 21625 (96.19) | 7002 (31.14) | 21677 (96.42) | 21539 (95.81) | 21433 (95.34)
B22X 46948 (208.83)| 18975 (84.40) | 47061 (209.34)| 46761 (208.00)| 46531 (206.98)
B22 9950 (44.26) | 4153 (18.47) | 10253 (45.62) 9481 42.17) 8955 (39.83)
18 (457) B22A 21433 (95.34) | 6959 (30.95) | 21551 (95.86) | 21239 (94.47) | 21001 (93.42)
B22X 46531 (206.98)| 18859 (83.90) | 46787 (208.12)| 46110 (205.11)| 45593 {202.81)
B22 9311 (4142) | 3993 (17.76) | 9801 (43.60) 8582 (38.17) 7801 (3470)
24  (609) B22A 21164 (94.14) | 6898 (30.68) | 21373 (95.07) | 20819 (92.61) | 20397 (9073)
B22X 45947 (204.38)| 18693 (84.44) | 46401 (206.40)| 45198 (201.05)| 44282 (196.97)
B22 85682 (38.17) | 3802 (16.91) 9268 41.22) 7601 (33.81) 6595 {29.33)
30 (762) B22A 20819 (92.61) | 6821 (30.34) | 21145 (94.06) | 20279 (90.20) | 19619  (87.27)
B22X 45198 (201.05)| 18485 (82.22) | 45906 (204.20)| 44026 (195.84)| 42593 (189.46)
B22 7801 (34.70) | 3589 (1596) | 8676 (38.59) 6595 (28.33) 5392 (23.98)
36 (914) B22A 20397 (90.73) | 6728 (29.93) | 20866 (92.81) | 19619 (87.27) | 18669  (83.04)
B22X 44282 (196.97)| 18233 (81.10) | 45300 (201.50)| 42593 (189.46)| 40530 (180.28)
B22 6998 {31.13) | 3360 (14.94) 8048 (35.80) 5695 (24.89) 4444 (19.77)
42  (1067) B22A 19898 (88.51) | 6620 (29.45) | 20537 (91.33) | 18840 (83.80) | 175646  (78.05)
B22X 43198 (192.15)| 17940 (79.80) | 44586 (198.33)| 40901 (181.94)| 38092 (169.44)
B22 6193 (2755) | 3118 (1387) | 7401 (3292 4718 (20.99) 3791 (16.86)
48 (1219) B22A 19322 (85.95) | 6496 (28.89) | 20157 (89.66) 17940 (79.80) 16251 (72.29)
B22X 41948 (186.59)| 17604 (78.30) | 43761 (194.57)| 38948 (173.25)|| 35281 (156.94)
B22 5392 (23.98) | 2864 (12.74) | 6746 (30.01) 4090 (18.19) 3310 (14.72)
54 {1371) B22A 18669 (83.04) | 6263 (27.86) | 19276 (87.74) | 16920 (75.26) || 14782  (65.75)
B22X 40530 (180.28)| 16973 (75.50) | 42825 (190.49)| 36733 (163.39) || 32092 (142.75)
B22 4718 (2099) | 2631 (11.70) | 6093 (27.10) 3616 (16.08) 2936 (13.08)
60 (1524) B22A 17940 (79.80) | 5340 (23.75) | 19244 (85.60) | 15781 (70.20) || 13141 (58.45)
B22X 38948 (173.25)| 14471 (64.37) | 41779 (185.84)| 34260 (152.39)| 28529 (126.90)
B22 4202 (1869) | 2434 (1083 | 5441 (24.20) 3242 (14.42) 2634 (11.71)
66 (1676) B22A 17134 (76.21) | 4587 (20.40) | 18712 (83.23) | 14521 (6459) || 11328  (50.39)
B22X 37198 (165.46)| 12431 (55.29) | 40624 (180.70)| 31525 (140.23) || 24593 (109.39)
B22 3791 (16.86) | 2264 (10.07) | 4869 (21.66) 2936 (13.06) 2381 (10.59)
72  (1829) B22A 16251 (72.29) | 3968 (1765 | 18129 (80.64) | 13141 (58.45) 9524 (42.36)
B22X 35281 (156.94)| 10753 (47.83) | 39368 (175.07)| 28529 (126.90) | 20676 (91.97)
B22 3456 (1537) | 2116  (9.41) 4412  (19.62) 2680 (11.92) 2166 {9.63)
78  (1981) B22A 16291 (68.02) | 3456 (15.37) | 17496 (77.82) | 11642 (51.78) 8115 (36.10)
B22X 33197 (147.67)| 9366 (41.66) | 37984 (168.96)| 25275 (112.43)|| 17617  (78.36)
B22 3176 (1413) | 1984 (8.82) 4037 (17.96) 2461 (10.95) 1980 8.81)
84 (2133) B22A 14255 (63.41) | 3028 (1347) | 16812 (74.78) | 10076 (44.82) 6998 (31.13)
B22X 30947 (137.66)| 8206 (36.50) | 36499 (162.35)| 21875 (97.30) || 15192  (67.58)
B22 2936 (13.06) | 1867 (8.30) 3724  (16.56) 2270 (10.10) 1816 (8.08)
90 (2286) B22A 13141 (6845) | 2667 (11.86) | 16077 (71.51) 8778 (39.04) 6096 (27.11)
B22X 28529 (126.90)| 7227 (32.15) | 34903 (155.25)| 19057 (84.77) || 13234  (58.87)
B22 2728 (16.58) | 1761 (7.83) 3456  (15.37) 2101  (9.34) 1671 (7.43)
96  (2438) B22A 11951 (63.16) | 2369 (10.49) | 15291 (68.02) 7715  (34.32) 5357 (23.83)
B22X 25945 (115.41)| 6393 (28.44) | 33197 (147.67)| 16749 (74.50) 11630 {61.73)
B22 2545 (11.32) | 1664  (7.40) 3226 (14.34) 1951 (8.68) 1542*  (6.34)
102 (2591) B22A 10678 (47.50) | 2093  (9.31) | 14455 (64.30) 6834  (30.40) 4746 21.11)
B22X 23182 (103.12)| 5672 (25.23) | 31382 (13959)| 14836 (65.99) | 10303  (45.83)
B22 2381 (1059) | 1575  (7.00) 3022 (13.44) 1816  (8.08) 1426** (68.60)
108 (2743) B22A 9524 (42.36) | 1867 (8.30) | 13568 (60.35) 6096 (27.11) 4233 (18.83)
B22X 20676 {91.97) | 5059 (22.50) | 29456 (131.03)| 13234 (58.87) 9190 {40.88)
B22 2234 (994) | 1494 (6.64) 2842 (1284 1694 (7.53) 1322** (5.88)
114 (2895) B22A 8548 (38.02) | 1675 (745) | 12630 (56.18) 5471 (24.33) 3799* (16.90)
B22X 18568 (82.55) | 4539 (20.19) | 27420 (121.97)| 11877 (52.:83) 8247 (36.68)

Figure 15. Allowable Loading for Column Post made of Channel B22
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A double check on the column support using Euler Buckling calculation is made as
well. It is found that each of the support legs can withstand 18 kips before buckling
as shown in Figure 16.

Buckling of MicroBooNE Support Structure

The dimensions for a B22 channel support beam are used

Variables

Young Modulus Moment of Inertia Length of Support Beams
E := 200GPa = 0.1912n* Lengthg,pport = 110in

Factor Accounting for End Conditions Cross Sectional Area

Keyg = 05 (assume both ends are fixed) area = 0.5623n"

Equations

| n*ELy)

Bucklingjoaq =

(Kend ‘Lengthgypport )

Buckling] , 4 = 180961bf

Figure 16. Euler Buckling Calculations for B22 Channel Support Beams

5. Other Calculations

As a general rule, the support structure should be able to withstand a lateral
load at least 10% of the overall load which is 10,245 pounds including the weights
of the table-top supporting parts in this case. Since one angled support is rated for
1,500 pounds as previously shown in Figure 8, so the total allowable lateral load
being applied on the table-top being shared by a set of 14 angled supports is no
concern of a failure due to the lateral load.

Calculations for stress in the legs and bolts in the feet from a 10% lateral
loading is shown next. They show a safety factor of 1.55 and 5.26 respectively for
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a 1,025 1b. lateral load on the structure at the top. More lateral loading could be
applied to the lower part of the legs, as the resulting moment on the structure is
lower, but we show a worst case. More lateral loading could also be applied in the
transverse direction, with the large diagonal strut braces, but we analyze the weaker
direction which only has a set of small 18-inch long brace supports.

Stesss in Legs from Lateral Loading.

Total, 4 = 102451bf Lateraly 4 = Total, 4-10% = 1024.51bf

heightg, . = 3.75in MG orts = 14

Lengthsta.tight = I_E:ﬂgl:hlEg - Lengr'hsupport — heighty, . = 93.322in

I_atera.lI_Dad

LateralI_oadPerSupport =_— LateralLoadPerSuppo:t = 73.1791bf
MMy pports

The Shape of these bent legs would be a latertal offset which would be equal to the fixed
support center load case, where the top of the leg at the angle support location is one end
of the beam in the diagram below,, and the hottomn of the leg is the center of the beam
shown in the diagram below.

14 Fixed supports—center load

’ F Fl
i R|:R::? _l"'f|:ﬂ-fh:?
|~—u: A-Ir-' = .
@ A B c g) . Var=—Vac=3
M, M, F F
I tﬁu tﬁ‘: ’ Mg = E(J.r —0Iy Mgye = E(_}s —d4r)
Fx?
M ¥Yar = m(i’.’ — 30
/\ o ___Fr
- AT RE]
Lateral 2{4x - 2Length,,_: 4.} a6 35
Moment(x) = LoadPerSupport S. staright Lateral; 52 gperSupport 2 = 146.33710f
4000
2000
Moment(x-in)
inIbf
— 2000
~ 40005 20 40 80 50

Moment(Length . p.| = 3421906 in-Tbf
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Hand Calculations and FEA results for stress in legs are in

agreement and below the allowable load.

B: Static Structural
Equivalent Stress
Type: Equivalent fvan-
nit: psi

Tirme: 1

879/2016 2:35 PM

30549 Mazx
I 28367
26185
— 24003
— 21821
— 19639
— 17457
— 15275
1 13093
— 10910
— 8728.4
6546.3
4364.2
21821
0.01498

0.000

3.000

B: Static Structural
Fixed Support 3
Time: L s

8972016 2:3T PM

(A Fixed Support
[BY Force: 146.36 Ibf

[C] Acceleration: 1574.8 infs®
B Fixed Support 3

/

o

6,000 (i)

i

IL.= IIIl.lE'lEi:cf1 cgyy = (1623 — 0.7232)in = 0.9in
Moment{Lengﬂlsmght}-[cBn} |
Thending = L = 16.104 ksi

+3
. ] LateralLoadPerSupport'l |_Lengﬂlsta:ight'2_:' .
ateral = 190.F ] = 0.89%in
2Eteel Ly

Tallowed = 23ks1

Tallowed
Safetyractorlegs =~ = 1932

Thending

B: Static Structural
Tatal Defarmation
Type: Total Deformation
Unit; in

Tirne: 1

8/0/2016 2:38 Ph

n.oo 100.00 {in)
I 0
1.053 Max 500010
0.93602
0.a101 ﬁ
070201
0.58501
0.46801 7
035101
0.234 .ﬁ_l
0.117 .
0 Min
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Bolt Force due to Moment caused by lateral load:

}'JDII'IEII‘EFD ot = 45120 Tbf
lengthy o4 ToPlateEnd = 1

Mnmentl_-n ot
FnrceBDlt =

numpg ;.o lengthy oy o PateEnd
Halfinch by 13 bolt

aredy, 4 = 'I]'.la1-1‘5|'i:c12

FnrceB alt
Tholt = = 10834 k=i

are3polt

Tyield Grade2 = 7 ksl

o
_yield Gradel
SafetypaotorBotts = — = 2201

Tholt

Mg H s =

1537333 Ibf

B: Static Structural
harment Reaction
3/952016 150 PRA

Maximum Value Over Time

X Axis  |4612.2 Ibfin

¥ hxis | 2.2726 Ibfin

L Axis  |0.43859 Ibf.in

Total 4612.2 Ibfin

0.000 10,000 {in
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