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Abstract Summary:  
This document describes the lifting fixture used for lifting the SBN-CM panels and Unistrut frame into place, where they will then be supported on 8 legs.  The lifting fixture is made of C7x14.75 C-channels, two of which will be used to raise the assembly into place.  The device complies with FESHM 10110 and AMSE 30.20 which state the design of the lifting fixture must adhere to BTH-1, code for category 1 structural lifting fixtures.  The document describes all code allowable loads / stresses and actual loads/stresses from the weight of the panels, and frame.  Calculation results show the lifting fixture is below code allowable stresses / loads for all failure modes.  
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BELOW-THE-HOOK LIFTING DEVICE
Engineering Note Cover Page

Lifting Device Numbers: 
	FNAL Site No/
	
	Div. Specific No.
	#200
	Asset No.
	

	
	If applicable
	
	If applicable
	
	If applicable


ASME B30.20 Group: 	[X]  Group I	Structural and Mechanical Lifting Devices
	(check one)	[ ]  Group II	Vacuum Lifting Devices
[ ]  Group III	Magnets, Close Proximity Operated
[ ]  Group IV	Magnets, Remote Operated

	Device Name or Description
	SBN-CM lifting Fixture



Device was	[   ]  Purchased from a Commercial Lifting
      	               [ X ]  Designed and Built at Fermilab
	               [  ]  Designed by Fermilab and Built by a Vendor: 
		 [  ]  Provided by a User or other Laboratory
		 [  ]  Other:  Describe
	Engineering Note Prepared by
	Erik Voirin
	Date
	7/12/2016

	Engineering Note Reviewed by
	Greg Tatkowski 
	Date
	7/12/2016


Lifting Device Data:
	Capacity
	1600 lb

	Fixture Weight
	270 lb (each C-channel)


[image: ]Service:		[X] normal		[ ] heavy	 [ ] severe  
(refer to B30.20 for definitions)

	Duty Cycle
	___N/A____ (applicable to groups III, and IV)

	Inspections Frequency
	Before each use

	Rated Load Test by FNAL (if applicable)
	Date
	7/12/2016
	Load
	2000 lb

	 [X] Check if Load Test was by Vendor and attach the certificate (Attachment #3)
	
	
	
	

	Satisfactory Load Test Witnessed by:
	John Voirin 

	Signature (of Load Test Witness)
	John Voirin





I. Lifting Fixture Description, Geometry, and Load.
The lofting Fixture is made of C7x14.75 C-channel, two of which will be used to lift the SMN CM Panels and Frame, which weight 3065 lb. together.  Figure 1 shows the geometry of the panels sitting on the Unistrut Frame, with the two C-channels underneath it, simply supported at the ends.  The panels weigh 2500 lb. and the Unistrut Frame, made of back to back double Unistrut, weighs 565 lb. for a total load of 3065 lb. (1532.5 lb. per beam).  We rate these C-channel lifting fixtures at 1600 lb. each.   Figure 2 shows the results of an FEA with the reaction forces of the supports.  These numbers have the self-weight of the C-channel subtracted for easier comparison to the 1600 lb rated load.  We can see the total load on each C-Channel is not perfectly balanced at half of the load per beam, but the total load for each beam is still below the 1600 lb rating we are assigning to these channels.    

[image: C:\Users\evoirin\AppData\Roaming\Ansys\v171\preview.png]
Figure 1:  Two C-Channel pieces supporting the SBN-CM panels and frame.  C-channels are simply supported at each end.
[image: ]
Figure 2:  Reaction Forces at the beam lift points.  This shows total load on each beam is lower than the 1600 lb. rating.
 


[bookmark: _GoBack]
Page 12 of 14


[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]


[image: ]


[image: ]

[image: ]


[image: ]

REVIEWER COMMENTS:

Hi Andy,  

Thanks for the feedback, Please see my comments below in bold blue.  
I updated the engineering note per your comments, it is uploaded to the DocDB:  http://ppd-docdb.fnal.gov/cgi-bin/ShowDocument?docid=2181

Erik   

From: Andy Stefanik 
Sent: Friday, July 15, 2016 5:00 PM
To: Erik A Voirin <evoirin@fnal.gov>
Cc: Barry L Norris <norris@fnal.gov>
Subject: PPD-doc-2181: SBN-CM Lifting Fixture EN

Hi Erik,

I have a few comments on this EN:

A. Mandatory:

(1) Please specify in the EN the eyebolt nut you want to use and add the thread stripping calc for it. The reason I ask for this: In the McMaster Catalogue right next to the eyebolt you selected are “Eyebolts with Nuts – For Lifting.” You selected the eyebolt without the nut because its shank length fits your application; this is a-ok. Rated capacity for “Eyebolt with Nut” is 300 pounds less that the eyebolt you selected. Since eyebolt material is not identified in the Catalogue, I suggest using mild steel properties in the EN and select a higher grade nut. McMaster might send you vendor spec sheet for the eyebolt if you ask them; the material might be called out on the spec sheet.

I added these calcs to the note at the end.  I didn’t include them originally since I figured we didn’t need to do calculations on a rated lifting lug, but they are included now for completeness.    


B. Non-mandatory: I make these comments in case this EN is subjected to further review. They will not affect the conclusion of your analysis but we should show we considered them.

1. You analyzed the channel for a uniformly distributed load and calculated the reaction at each end of the beam to be 935 pounds with the beam weight included. In Figure 2 you show the weight of the panels and frame are not uniformly distributed and you calculate the maximum reaction on the channel as 862 pounds. Combining this with half the weight of the channel yields (862 + 270/2 =) 997 pound load on the eyebolt rather than the 935 pound number which is ok because the stresses are so low.

The distributed load was the closest simple approximation to do simple beam calcs on. I know it wasn’t perfect of course.  This is a reason I used a design factor of 3, and called it a category B lifting fixture, instead of category A:  BTH-1 States:
[image: cid:image002.png@01D1E0DF.4AC07230]
I performed an FEA as well, which did include accurate loading, but didn’t include this in the document for simplicity of the note.  
 

1. In Shear Stress at Eyebolt Location and Beam, τ-bolt is actually the shear stress calc for the channel flange where the reaction transfers through the flange to the nut. It is not the eyebolt shear stress.


Right, It is shear stress in the flange at the eyebolt location.   I stated “eyebolt location” in the note, and showed the reviewer exactly how I performed these calcs.  Perhaps a figure would have made it more clear to everyone else.     

1. With the uniformly load applied to the flange, the resultant load is offset from the channel shear center and this produces a torque on the channel. This additional shear stress on the channel should not be a problem in the calculation since the stresses for this case are low. I wonder if the beam twisted noticeably (just a bit) during the load test due to this effect. It is hard to see it in the load test image.

Yes, These is some twisting with a theoretical uniform load as well as in the load test.  You can see it in the figure of the load test as well as in the Buckling FEA calculations.  When used to lift the frame there will be no twisting though, as any twisting will cause the load to be applied at the high corner, reducing the moment, and straightening it back out.   


C. Barry, this one is for you:

Erik states at the end of the EN – 

[image: cid:image001.png@01D1E0D9.83600C50]

At this point (I say “At this point” because we do not have the installation procedure yet.), I do not agree with the “Rated Load” test for the two channels that are currently under the load now. The safety rule is to never go under a lifted load when the lifting fixture has been subjected to the 125% load test. Only doing the “Rated Load” test means we are asking workers to go under a load that is supported by two channels that have only been subjected to a 100% load test to install the three center posts – I cannot agree with doing this. I also cannot agree to doing this even if the channels are subjected to the 125% load test. I must accept the “Rated Load” test because FESHM currently allows it. I can only accept sending workers under the panels and associated support structure if the assembly is temporarily braced to allow the workers to safety go under the panels with the entire load carried by the bracing and no load on the hoists.

Andy

The written procedure will clarify this more.  But the procedure will be to use a temporary vertical brace in place where the frame legs will be attached.  The 5 supports on the outside perimeter will be done first.  After that the ones in the center will be done.  When they walk underneath, it will be supported by the 5 legs, as well as the lifting fixture. 
Just the 5 legs will be in place, plus the lifting fixture when they go underneath to install the central 3 supports.  They will also bring the temporary vertical braces with them, walking along with the supports in vertical position just below the frame, ready to support the load if needed, and supporting the load while they install the permanent support legs.        

[image: cid:image003.png@01D1E0E2.1FE5F550]
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Stress Calculations for SBN-CM Lifting
Fixture Engineering Note

The lifting fixture is constructed of C7-14.75 C-channel. It has Lifting Eye Bolts at a
'spacing of 215" These eyebolts are McMaster-Carr Part # 3014T491, and are rated to
2400 Ibf Vertical Load each. We rate this lifting fixture to 1600 Ib distributed load, and show
it meets code criteria for stress, and is resistant to buckling with a safety factor of 3.

215"
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Channel Dimensions and loading are shown below:

SOURCE: http://www.engineeringtoolbox.com/american- standard-steel-channels-d_1321html
v
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Calculations for Stress and Deformation - Uniform Distributed Load
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Shear Stress at Eyebolt Location and Beam
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Shear Stress is lower than allowable at bolt and beam.

Beam Buckling Analysis

We perform a non-linear FEA analysis on the C-Channel to find the first buckling mode, and

load in which it occurs. We can see in the graph below that the buckling begins at about a

4000-5000 Ibf load, which is higher than our rated oad of just over 1500 Ibf The model

employed symmetry, and the buckling shape and deformation can be seen in the figure below
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Load Testing:

Load Testing will be don in accordance with ASME 30.20 and FESHM 10110. These state that

the load must be 125% of the intended load. For simplicity, we will not load test with a
distributed load. Instead we will use two 1000 Ib weights
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Other notes on the load test.
There are 3 of these C-channels. Two underneath the load now, and one extra one which

will be used for this 125% load testing. The ftwo which are currently underneath the load will be
“similar lifting devices”

FESHM 10110 states:

Similar Lifting Devices: Lifling devices that are manufactured or fabricated to

‘meet previously engincered, fabricated and reviewed lfting devices need not have

the full enginecring analysis repeated. Documentation shall be provided by

reference to an existing approved Engincering Note and the detailng of all

differences. A "Rated Load" test shall be required.
The rated load test will be the actual load it will be lifting. The assembly will just barely be lifted off
the supports itis currently resting on, so that is is supporting 100% of the rated load, and fulfills
the requirements of the rated load test.

Additional Calculations per reviewer notes:

1) Eyebolt thread stripping calculations

_ _ Brigast

The shear stress s lower than allowable even if we use A36 steel for the material. The
eyebolt, rated for 2400 Ib lifting, is surely made of a stronger alloy than A36, as itis a
bolt. The weakest grade of bolt, grade 2, has an ultimate strength of 74 ksi, and a

grade 5 has a yield of 120 ksi.
The nut used is a grade 5 nut, and shear stress on the nut s lower than that of the bolt.

alowable stresses of grade 2
Fy = ks Fys = 120ksi
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2-2.2 Design Category B

(@ Design Category B should be designated when
the magnitude and variation of loads applied to the
lifter are not predictable, where the loading and

environmental conditions are severe or not accurately
defined.
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Other notes on the load test.

There are 3 of these C-channels. Two undemeath the load now, and one extra one which
will be used for this 125% load testing. The ftwo which are currently underneath the load will be
“similar lifting devices”

FESHM 10110 states:

Similar Lifting Devices: Lifling devices that are manufactured or fabricated to

‘meet previously engincered, fabricated and reviewed lfting devices need not have

the full enginecring analysis repeated. Documentation shall be provided by

reference to an existing approved Engincering Note and the detailing of all

differences. A "Rated Load" test shall be required.

The rated load test will be the actual load it will be lifting. The assembly will just barely be lifted off
the supports itis currently resting on, so that is is supporting 100% of the rated load, and fulfills
the requirements of the rated load test.
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Vertical Braces
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