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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.   

 

 
 

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. 

 

 
 

Figure 2.    Support Assembly for the Top Panels 
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Figure 3.    Hole Drilling Locations on the Existing I 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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Figure 4.    Properties of Channel B22 

 

 
 

Figure 5.    Properties of Channel B22A 
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Figure 6.    Properties of Post Base B280FL 

 

 
 

Figure 7.    Properties of Four Hole Tee Plate B133 
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Figure 8    Properties of Two Hole Corner Angle B230 

 

 

 
 

Figure 9.    Properties of Two Hole Knee Brace B631-18 
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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 is 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 

 

 
 

Figure 12.  The Resultant Stresses of Panels and Support 
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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 lbf 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 lbf, which is the summation of the total panel 

weight of 7,500 lbs plus 3,500 lbs of supports. 

 

Figure 13. Reaction Forces on Vertical Supports 
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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.  

 

 

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 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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