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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 strut and C7x14.75’” C-channel.  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.  



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 so that additional posts are not needed to set in the walkway.  A set of B-line channels B12 which in turn directly supporting the panels are then set on top.   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. 

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 mounting 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.  
[image: ]

Figure 2.    Support Assembly for the Top Panels

The properties of B-line channels B12 and B22 are shown in Figures 3 and 4 while other parts being used in this support structure are shown in Figures 5, 6, 7 and 8.  The property of the non-B-line part C-channel is shown in Figure 9.
[image: ]
Figure 3.    Properties of Channel B12
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Figure 4.    Properties of Channel B22
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Figure 5.    Properties of Post Base B280FL
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Figure 6.    Properties of Four Hole Tee Plate B133
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Figure 7    Properties of Two Hole Corner Angle B230
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Figure 8.    Properties of Two Hole Knee Brace B631-18
[image: ]
Figure 9.  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/Library/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. The maximum equivalent stress of 23 ksi is found at the contact point between the top of a C-channel beam and the unistrut. The maximum deformation is 0.23 inches and occurs at the edge of the unistrut. The figures below detail the results from the FEA.  
[image: ]Figure 10.  Total Deformation of Panels and Support Structure- 
the maximum deformation is 0.23in. (True Scale)
[image: ]
Figure 11. Total Deformation of Panels and Support Structure (Exaggerated 140x)
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Figure 12.  Side View of the Total Deformation.  (Exaggerated 140x)
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Figure 13.  Equivalent Stress on Panels and Support Structure

[image: ][image: ]Figure 14.  Equivalent Stress on C-Channel Beams and Panels  

Figure 15.  Maximum Equivalent Stress- This value of 33ksi occurs at the contact point between the C-channel beam and the strut.  This is all within 1 element and quickly drops down to 23ksi within the same element, meaning the peak value is very local, most likely a numerical singularity, and not of concern.  

Each of the support legs can withstand 18 kips before buckling. The buckling of the B-Channel support legs is not a concern because the panels only weigh 7,500 lbs. Figure 16 shows the Euler Buckling calculation and result. 

[image: ]
Figure 16. Euler Buckling Calculations for B22 Channel Support Beams

The reaction forces of each vertical support leg were found using ANSYS. Figure 17 shows the reaction forces. All the reaction forces are less than the vendor’s allowable compressive load of approximately 2,800 pounds as shown in Figure 18. 



[image: ]Figure 17. Reaction Forces on Vertical Supports
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Figure 18. Allowable Loading for Column Post made of Channel B22

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 a 1,025 lb. 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.      
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B12

® Thickness: 12 Gauge (2.6 mm)

o Standard lengths: 10" (3.05 m) & 20" (6.09 m)

e Standard finishes: Plain, DURA GREEN™, Pre-Galvanized,

Hot-Dipped Galvanized, Aluminum 2;/2) e
o Weight: 2.47 Lbs./Ft. (3.67 kg/m) 3/8
m (9 5
I8
(22.2) 9/32

27/16
(61.9)
1.1197
(28.4)
Note:
Aluminum loading, for B12, can be determined Y
by multiplying load data times a factor of 0.38 5
16
(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? int  cm* in? cm? in. cm int  cm?* in® com? in. cm
B12 2484 (370) | .731 (471) | .5349 (22.26) | 4061 (6.65) | .856 (2.17) | .3377 (14.06) .4156 (6.81) | .680 (1.73)
B12A 4.969 (7.40) | 1.462 (9.43) |2.9036(120.86) 1.1915(19.62) | 1.409 (3.58) | .6756 (28.12) | .8315 (13.63) | 680 (1.73)

Calculations of section properties are based on metal thicknesses as determined by the AISI Cold-Formed Steel Design Manual.




image6.jpg
B22 Channel

B22

® Thickness: 12 Gauge (2.6 mm)

* Standard lengths: 10" (3.05 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

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? com?® in.  cm int em* in? em? in.  em
B22 1910 (284 662 (362) | .1912 (7.96) | .2125 (348) 683 (1.48) 2399 (9.99) | .2953 (484) | .653 (1.66)

B22A 3820 (569) | 1.124 (7.25) | .9732 (40.51) | .5989 (9.81) .931 (2.36) | .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 AlISI Cold-Formed Steel Design Manual.
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B280FL

Post Base for B22

 Standard finishes: ZN, GRN, HDG, SS4
* Wt./C 312 Lbs. (141.5 kg)

176"
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B133

Four Hole Tee Plate

e Standard finishes: ZN, GRN, HDG,
SS4, AL

* Wt./C 75 Lbs. (34.0 kg)

PA o 3"

GRN (88.9)
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B230

Two Hole Corner Angle

* Standard finishes: ZN, GRN, HDG,
SS4, AL

* Wt./C 37 Lbs. (16.8 kg)

PA GZA\IN
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B631 - Two Hole 45° Tubing Knee Brace

* 1" (25.4) Square steel tubing

* Material: ASTM A513

 Standard finishes: ZN, GRN

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

* Load ratings are for brace members only. Do not exceed allowable beam
or column loads for strut channels.

* Safety Factor of 3

Design Load

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 (120.6)
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" (1371.6) 740 (3.29) 389 (176.4)
B631-60 | 60" (1524.0) 600 (2.67) 430 (195.0)
B631-72 | 72" (1828.8) 420 (1.87) 508 (230.4)

B631-84 | 84" (2133.6) 310 (1.38) 589 (267.2) (44.4)

B631-96 | 96" (2438.4) 240 (1.07) 669 (303.5)
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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 L= 0.19130° Lengthppor = 110
Factor Accounting for End Conditions Cross Sectional Area

Keyq = 0.5 (assume both ends are fixed) area = 0.5630°
Equations

(=L

Bucklingjgqq =

(Keng Lengthgypport )
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B22 Column Loading Data

Column Loading
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CG.
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Stesss in Legs from Lateral Loading.
Totalgyq = 102451f

i

heightg,gq = 3.75in L

Lateral] g = Totaljyq-10% = 1024.51bF

Lengthyggigh; = Lengtg — Lengthoypp o — heightgyoq = 93.52in

Lateral 059

Latel, o pessupport = o

Lates g persupport = 7317918

The Shape of these bent legs would be a latertal offset, which would be equal fo 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 bottom of the leg is the center of the beam

shown in the diagram below.
14 Fixed supports—center load
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‘Hand Calculations and FEA results for stress in legs are in

agreement, and below the allowable load.
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Bolt Force due to Moment caused by lateral load:

Momentggg, = 4612in1bf
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