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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 assemblies.  This side panel group consists of five separate support assemblies with the largest load about 2,900 lbs.  The design of the support assemblies is similar and works like a shower curtain.   This note shows that the side support assemblies are adequately designed to safely support the load.


The side panels design:
Similar to the shower curtain, the panels are carried by a set of B-Line bearing trolleys B376 rolling along the double channel B22A as shown in Figure 1.  There are five sets of separate trolley assemblies for the sides, each attached to the large I beams using beam clamps.  They are named below, and their support designs are shown in Figures 2, 3, 4, 5 and 6.
· Feed-Through Horizontal
· Feed-Through Vertical
· Pipe Horizontal
· Pipe Vertical, and
· Pipe Combined which has three horizontal and seven vertical panels.
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Figure 1.   Side Panels Layout

[image: ]

Figure 2.   Support Design for Feed-Through Vertical Side Panels
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Figure 3.   Support Design for Feed-Through Horizontal Side Panels
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Figure 4.   Support Design for Pipe Horizontal Side Panels
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Figure 5.   Support Design for Pipe Vertical Side Panels
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Figure 6.   Support Design for Pipe Combined Side Panels

1. 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.  

2. Load Capacity Check
Referring to Figure 7, the load capacity of each bearing trolley with a safety factor of 2.5 can be taken as 600 lbs as the rolling speed during the installation phase will be much slower than 600 RPM.  
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Figure 7.   Bearing Trolley Load Capacity
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Figure 8.   Properties of B52 Channel

The total load capacity provided by the bearing trolleys is then checked against all the weights they carry.  The results are shown in Figure 9 with the maximum load to be carried by one bearing trolley is about 180 lbs only, the selection of using this bearing trolley is thus adequate.
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Figure 9.   Load Capacity Check of Bearing Trolleys 


B-line channel B52 will be used and hanging from the bearing trolley.  With some proper fitting, these channels will be carrying the side panels.   Hex head cap screws ½-13 will be used for fastening parts of the bearing trolley assembly.   The shear load on screw 	
  = 	Load that carries by the bearing trolley/cross-sectional area of ½-13 screw
  =   274 lb. / 0.196 in2 
  =   1,398 psi

Which is much smaller than the allowable shear stress of ASTM Grade 2 bolts (44 ksi) and is thus acceptable.

Aluminum H clips are used to hold the panels.  They are fastened to the channel B52, which is made of 12 gauge steel, with ¼” flat head Philip screws together with B-line twirl nuts 1/4-20  1/4" thick N224WO as shown in Figure 10.  As the resistance to slip of 300 lbs of these channel nuts as shown in Figure 11 is greater than the maximum weight of each channel to be carried, the design for this support is thus adequate.  And regarding the shear load on screw

  = 	Load that holds the H-clip held with a ¼-20 screw
  =   274 lb. / 0.049 in2 
  =   5,592 psi

Which is much smaller than the allowable shear stress of ASTM Grade 2 bolts (44 ksi) and is thus acceptable.
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Figure 10.   The H Clip fastened to Channel
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Figure 11.   Properties of B-line Channel Nuts


[bookmark: _GoBack]Double channel B22A is used as the rail for the bearing trolleys.   These channels are clamped on the existing I-beams with the longest span about 106 inches for Feed-through Side and 44 inches for Pipe Side.  As by observation, the most severe loading scenario is occurred on the 106-inch beam span in which two concentrated loads of 274 lb each, are acting on the double channel B22A as sketched in Figure 12.  See Figure 3 for the beam section we are analyzing, which has the highest bending stress of any section of strut channel.   
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Figure 12.   Schematic Loading Scenario of Double Channel B22A between Beam Clamps

Where L = 106”; a = 28” and P = 274 lbs.


The corresponding calculations and bending moment diagram along the double channel is then shown in Figure 13 in which the portion between the concentrated loads is constant and the maximum bending moment of 5645 in*lbf is resulted.  The moment of inertia, I, as provided in Figure 14 is 0.9732 in^4.  Therefore, the maximum bending stress, S, on the double channel is:

S 	=  M*y/I   where y = 1.625” for double channel B22A
	=  5,645 *1.625/0.9732
	=  9,426 psi


As the allowable stress with a safety factor of 1.68 is equal to 25,000 psi, the double channel B22A is thus OK for being used in this loading scenario. 
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Figure 13.  Calculations and Bending Moment Diagram of Double Channel B22A between Beam Clamps
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Figure 14.  Properties of Channel B22 and Double Channel B22A

Two beam clamps B355 will be used to secure the B22 double channel to each of the existing I-beam.  As shown in Figure 15, the load capacity of this beam clamp is rated at 1,200 lbs each with a safety factor of 5.  As there are at least 6 I-beams totally and hence 12 beam clamps will be used for each rail assembly, therefore, the total load capacity provided by the beam clamps is 14,400 lbs and it is much higher than the weight of any load that any of the side panel will carry.  (The maximum load carried by the Pipe Combined group is of 2,900 lbs.)  The selection of this beam clamp is thus OK.
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Figure 15.  Properties of Beam Clamp B355

To prevent the bearing trolley from rolling off the channel ends, a stopper plate should be mounted as shown in Figure 16.
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Figure 16.  A Stopper Plate being mounted at the end of Rail

Two double channels B22A are needed to make up the long rail, a two-hole plate provided by B-line B129 can be used to help aligning these two channels properly as shown in Figure 17.
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Figure 17.  B-line Plate B129 for aligning two Channels
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B52 Channel & Combinations

B52

« Thickness: 12 Gauge (2.6 mm)

« Standard lengths: 10" (2.05 m) & 20' (6.09 m)

« Standard finishes: Plain, DURA GREEN™, Pre-Galvanized,
Stainless Steel Type 304 or 316, Hot-Dipped Galvanized

« Weight: 1.27 Lbs./Ft. (1.89 kg/m)
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Section Properties X - X Axis. Y- Y Axis
Areas of | Momentof | Section | Radiusof |Momentof | Section | Radius of
Channel | Weight Section | Inertia (I | Modulus (S)| Gyration (r) | Inertia (1) | Modulus (S) | Gyration (r)
Ibs./ft_kg/m | sq.in._cm? | int in? _cm? em | ind omt | in2 cm? cm
B52 1313 (195) | 386 (249) | 0320 (133) | 0673 (1.10) | 288 (73 |.1404 (584) | .1728 (283) | 603 (153

B52A | 2627 (391) | 773 499 | 1517 (631) | .1868 (306 | 443 (113 | 2809 (1169)| 3457 (567) | 603 (153

‘Calculations of section properties are based on metal thicknesses as determined by the AISI Cold-Formed Steel Design Manual
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PanelQ'ty | Total Panel Wt, Ibs | ChannelB52Q'ty | Channel BS2 W, Ibs [Total Channel W, Ibs| _Total Wt, Ibs | Trolley Q'ty [Load per channel| Total Trolley capacity, lbs | Remarks
Feed through Horizontal, Ibs 6 22 5 16 142 2466 5 m 5400 oK
Feed through Vertical, lbs 7 2338 1 16 24 2562 1 183 8400 oK
Pipe Horizontal, lbs 10 2220 10 13 130 2350 10 235 6000 oK
Pipe Vertical, Ibs 7 wn 1 2 308 2079 1 149 8400 oK
Pipe Combined, Lbs FYY] 2911 14 Te2 308 3219 14 230 8400 oK
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B22 Channel

B22
 Thickness: 12 Gauge (2.6 mm)
 Standard lengths: 10 (3.05 m) & 20’ (6.09 m}
« 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)
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Note:
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Section Properties X - X Axis Y- Y Axis
Areasof | Momentof | Section | Radiusof |Momentof | 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® cmt | in? om® | in_om | int om' | ind om | in__cm
B22 1910 (284 | 562 @62 | 1912 (719) | 2125 @348 | 583 (148) | 2399 (099) | 2953 484 | 653 (168)

B22A | 3820 (569) [ 1124 (725 | 9732 4051) | 5989 (981} | 931 (236) | .4798 (1997) | 5905 (269 | 653 (166)
B22X | 6649 (989) | 1.956(1262) [4.148417267 |1.7019 (2789) | 1456 (370, |1.102314688) | 1202701971) | 751 (1.91)

‘Calculations of section properties are based on metal thicknesses as determined by the AISI Colc-Formed Steel Design Manual.
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B355 Beam Clamp

* Design Load 1200 Lbs. (5.34 kN) when used in pairs

* Safety Factor of 5

 5/8" (15.9) Max. Flange Thickness

* Sold in pieces

® Order 1/2"-13 x 11/2" HHCS and Channel Nut separately
 Standard finishes: ZN, GRN, HDG, SS4

* Wt./C 30 Lbs. (13.6 kg)

on
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Beam Clamp

Channel B22A Rail
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Stopper Plate
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B129

Two Hole Splice Plate

» Standard finishes: ZN, GRN
* Wt/C 37 Lbs. (168 kg
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