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Abstract Summary:  

  
The top structures of the LBNE 35 ton prototype detector consisted of the top insulation, 

top membrane, liquid Argon pumps, manhole, feed through, working platform and others. 

The material selection and the conceptual configuration design have included the design 

criteria with the applicable industrial codes. A brief calculated engineering data, 

conceptual design layouts, vendor’s cost quotation, and other information are presented 

for the discussion. 

 

 

Applicable Codes: 

 
“Allowable Stress Design”, AISC, 9

th
 edition 

“Structural Welding Code-Steel”, ANSI/AWS D1.1, 1990 

“Minimum Design Loads for Building & Other Structures”,  ANSI A58.1-1982 

“Roark’s Formulas for Stress & Strain”, Warren C. Young, 6
th

 edition 
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The main data of the LBNE 35 ton prototype detector: 
 

 Concrete wall thickness: tc = 300 mm 

 Insulation thickness: ti = 400 mm 

 Insulation material density:   ρi = 125 kg/m
3
 = 0.004506 lbs/in

3
 

 The overall dimensions of the enclosure without the top structures: 

         5,480 mm (L) x 4,460 mm (W) x 2,940 mm (H) 

 The main data of the LBNE 35 ton prototype top structures: 

(See figure 3 of page 5) 

            Total weight:  Wt = 10,021 lbs  

 

                  Where : wstl = 3,624 lbs, main steel plate with 0.375” thickness 

                                wins = 2,062 lbs, top insulation total. 

                                wlifting = 251 lbs, lifting device 

                                wbeam = 1,501 lbs, four of w8 x 24 beams 

                                wb = 1,673 lbs, plate B system which includes: plate B, neck, Argon  

                                         pumps, LAPD feed through, manhole (with cover?) and others. 

                                wmice = 0.10 x (wstl + wins + wlifting + wbeam + wb) = 911 lbs 

                                          Miscellaneous weight which includes but not is limited: 

                                          Metal studs, wood panels, weld metals, assembly hard wares, 

                                          and others.  

 

 

Some additional design data for the LBNE 35 ton prototype detector top structure: 
 

 Dead loads: 

 

1. Main top plate (3/8” thick A36 steel): Ld1 = 15.336 lbs/ft
2
, plate A area. 

2. Stainless steel membrane (1.2 mm thick): Ld2 = 1.932 lbs/ft
2
 

3. Insulation material (400 mm thick): Ld3 = 10.22 lbs/ft
2
 

4. W8 x24 I beam and the lifting fixture: Ld4 = 6.30 lbs/ft
2
 

(Assuming 4 beams, 351 lbs/beam, 251 lbs of the lifting fixture applying dead 

load to the 263 ft2 area uniformly, see figure 5 on page 6).  

5. Plate B area: Ld5 = 18.33 lbs/ft
2
 

 (Assuming 1,673 lbs over the area of 74.875” x 175.50”) 

6.  Floor grating (Duradek T500): Ld6 = 3.0 lbs/ft
2 

7. Total Dead load in plate A area:  
LdA = Ld1 + Ld2 + Ld3 + Ld4 + Ld6 = 36.79 lbs/ft

2
 

8. Total Dead load in plate B area:  

LdB = Ld2 + Ld3 + Ld4 + Ld5 + Ld6 = 39.78 lbs/ft
2 

 

 Live Load: 

        Ll = 100 lbs/ft
2
 

 

 Excluding the pressure load, the total applying load to the top structure is defined 

as: 



 3 

LtotA = Ll + LdA = 137 lbs/ft
2
 

        (Total applying load in plate A area) 

 

LtotB = Ll + LdB = 140 lbs/ft
2
 

        (Total applying load in plate B area) 

 

 Some calculated data from the boundary condition as we defined: 

 

1. Assuming the detector installed as showing from figure 5, where the live load 

(100 lbs/ft
2
) will apply to the top structure through four w8x24 beam, 

conservatively assume  that LtotB = 140 lbs/ft
2
 will apply the whole top floor 

area,  then: 

         The max. deflection at the beam: ∆max ≈ 0.1426” 

         The max. bending stress:              fb ≈ 4.586 ksi 

 

       (The calculation has not included the geometrical factor of the grating, which  

         will also help to reduce the deflection and the local working stresses.) 

 

2. The maximum deflection and the working stress @ plate A area: 

(See figure 1 and figure 5) 

           ∆max ≈ 0.09516” 

           fb ≈ 4.352 ksi 

 

   

Brief introduction of the layout pictures from figure 1 to figure 5: 
 

 Figure 1 is the outside overall view of the detector without the platform. 

 Figure 2 with three layouts shows the process of lower part of enclosure. 

 Figure 3 showing the main configurations of the top structures. 

 There will be a problem for the final installation because of the restriction of the 

maximum crane height in PC 4 (See figure 6),  the lifting device showing from 

figure 3 and figure 4 has addressed such issue directly. 

 Figure 5 showing the overall dimensions of the detector and the configuration of 

the platform with the accessories. 
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Figure 1,  The oveall view of the LBNE 35 ton Prototype Detector 

 

 

 

 

 

 

 

                            
 

(1)                                            (2)                                                (3) 

 

Figure 2, The views of the main detector enclosure 

 

(1) The Concrete enclosure 

(2) The concrete enclosure with grout and steel connect plates at the top. 

(3) Enclosure with insulation and stainless steel membrane. 

Plate B area 
Plate A area 
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Figure 3,  The view of the LBNE 35 ton prototype top structures 

 

 

 

 

 

 

 
 

 

Figure 4, The maximum crane height vs. the max. workable lifting height. 

The max. height of 

the  crane hook at 

PC4 building 

Max. required 

working height  

Extra space 

for  Detector 

instruments. 

Manhole 

(Cover?) 

Insulation 

W8 x24 I Beam 

Lifting Device 

Main Plate 
(3/8” thick) 
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Figure 5, The view of the detector with the platform 

 

 

 
 

Figure 6, View of crane from PC4 building. 
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Table 1,  Preliminary cost estimate for the top structure of the LBNE 35 ton prototype  

                 detector. 
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2. The quotation from Central Steel & Wire: 

                 Central Steel & Wire Company 

OFFICES & PLANTS  

Chicago - Detroit  

Cincinnati - Milwaukee  

Greensboro 

P.O. BOX 5100  

Chicago, Illinois 60680-5100 

3000 West 51st Street  

Chicago, Illinois 60632-

2122  

1-800-621-8510  

Fax: 1-866 332 5150 

QUOTATION CONFIRMATION 

Phone: 

Fax: 

To: 

1-630-840-2879  

1-630-840-3694  

EDWARD CHI  

FERMILAB  

MAIL STOP 112  

BOX 500  

BATAVIA IL 60510-5011  

From: 

Request Date:  

Document ID: 

Customer:  

DAVID L 

HENDERSON  

04/06/11  

040611-143104  

04372  

ITEM QUANTITY DESCRIPTION 

ESTIMATED 

QUANTITY PRICE 

ESTIMATED 

EXTENSION 

001 2 PC 3/8" X 120" X 180" HR A-36 PLATE 4596 # 66.08 CWT  

   OK TO SCANT CUT      

   SHEAR     $3,037.04 

002 2 PL 3/4" X 60" X 120" HR A-36 PLATE 3063 # 79.14 CWT  

   SHIP DROPS      

   BURN TO 8 PC 12" X 120"      

   FREIGHT     $2,424.06 

003 4 BR 8" X 24# HR A-992/A-572 GR 50 WF 5760 # 73.78 CWT $4,249.73 

   BEAM 60 FT      

   ** DUE 2 WEEKS **      

004 1 PL 1/2" X 60" X 120" STAINLESS 304 1083 # 221.48 CWT $2,398.63 

   HR AP PLATE      

005 1 SH 1/2" X 60" X 96" STAINLESS 304 HR 866 # 221.48 CWT $1,918.02 

   AP PLATE      

   ** DUE 2 WEEKS **      

006 1 SH 3/8" X 60" X 120" STAINLESS 304 825 # 219.23 CWT $1,808.65 

   HR AP PLATE      

007 1 SH 1/2" X 60" X 96" STAINLESS 304 HR 866 # 221.48 CWT $1,918.02 

   AP PLATE      

   ** DUE 2 WEEKS **      

 
Est. Weight Total: 17,059 # Est. Dollar  $17,754.15 
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3. The quotation from Hampshire Inc. 

 

 

 

.
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4. The quotation from Action Metals: 

 

 

Edward, 

 

Here is what i can quote at this time,i am still waiting for an answer from the mill on the 

big HRS plates so as soon as i get an answer on those i will advise you right away. 

  

Jim 

  

4 pcs HR BAR    3/4 x 12 x 20' R/L  2450 lbs @ $0.89 per lb 

  

4 pcs I-beam       8 x 24lb x 20' R/L   1920 lbs @ $0.79 per lb 

  

1 pc 304 S/S      3/8 x 64 x 180  @ $4450.00 LOT 

  

1 pc 304 S/S      1/2 x 64 x 180  @ $5795.00 LOT 

 

 

Action Metals Co.  

1500 Dearborn Ave. Bldg 10A  

Aurora, IL 60505 

Phone: (630) 585-1000  

Fax: (630) 585-5310  

Email: actionmetals@sbcglobal.net 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:actionmetals@sbcglobal.net
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5. The quotation from Global Industrial: 

 

 

 

 

 

6. Emails related this task: 

 
----- Original Message -----  
From: David Montanari  
To: Dave Pushka  
Cc: Richard Schmitt  
Sent: Wednesday, March 30, 2011 11:46 PM 
Subject: LBNE 35 ton prototype Top plates Design 

 

Dave, 

 

thanks for your help with the design of the top plates of the LBNE 35 ton prototype. 

mailto:dmontana@fnal.gov
mailto:pushka@fnal.gov
mailto:rlschmitt@fnal.gov
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Following up our conversation, you'll find here some details about the project and 

particularly the plates which we are looking a design for. 

 

Attached few slides with some dimensions and the positioning of the detector inside PC-

4. 

Blu is concrete, ~300 mm on the sides and ~100 mm at the bottom to make it flat, 

because it will seat on a concrete floor. 

The concrete thickness is an estimate, it may be a little more or a little less. 

Pink is the insulation, 400 mm everywhere, but not under Plate B, for purity reasons. 

Dark grey inside is the stainless steel membrane, 1.2 mm thick. 

Light grey at the top are the two stainless plates: Plate A is the main one (it includes the 

neck), Plate B (equipped with several penetrations) covers the neck. 

 

The top of the detector is preassembled upside down: insulation and membrane are 

attached to Plate A. 

Plate A is then flipped and lowered on top of the detector with a crane and internal welds 

are performed. 

Plate B is eventually lowered on top of the neck and the last internal welds are made by 

going inside through the man-hole. 

 

Insulation density: 125 kg/m^3 

Top Insulation surface: 16.20 m^2 (including the 0.1 m tall neck) 

Insulation thickness: 0.4 m 

Top Insulation weight: ~ 850 kg 

Top membrane weight: ~100 kg 

Two pumps weight: ~200 kg (total) attached at Plate B. 

 

Among the insulation there are also metal studs and wood panel, I would take1,200-1,300 

kg as design value for the top + the weight of the stainless plate itself. 

The two liquid Argon pumps will be anchored to Plate B and they can be mounted 

anywhere in the plate: the layout of the penetrations is not fixed yet, they can be 

rearranged to distribute the load of the pumps. 

 

Note: the LAPD filling line that you see in some of the 3-D plots is temporarily there, 

you can ignore its presence. 

 

Feel free to contact me for additional information. 

I am preparing some budgetary numbers, I would very much appreciate some preliminary 

figures within next Thursday (April 7): thickness, if reinforcement is needed (beams 

across or trusses) and a rough cost estimate. 

I understand there's not so much time, any information you might be able to provide with 

this short notice would be greatly appreciated. 

 

Thank you very much! 

Best 

David 


