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Abstract Summary:  

This note shows describes the NOvA Ash River Pivoter Lower Frame weldments and documents calculations indicating that the stress is less than the AISC ASD code allowable stresses.

Discussion:

Material of construction is A-36 structural steel plate with an allowable bending stress of not less than 21,600 psi (based on 0.6 Fy).  Therefore, the calculated stress is less than the allowable bending stress.

Uplift on the rear pin between the upper and lower weldment is approximately 211,000 pounds on each side for a total of 422,000 pounds.  Material added to these counterweight weldments will reduce the uplift to only 128,000 pounds total or 64,000 pounds on each side.  These calculations ignore any positive effect of adding the counterweights.
However, weld stresses in the top plate of the lower weldment exceeded the desired values in the 30 inch long range near where the rear pin bracket attaches as shown by Ang Lee in his Engineering Analysis Report dated February 21, 2011and filed as NOvA document 5650. Provisions were being made to increase the weld size to ½ inch fillets and to make the welds continuous instead of skip welds.  These counterweights do reduce the weld stress since the one nearest the front attaches directly to the rear pin bracket.  Material added to the counterweight does reduce the weld stress in this area.
All of the content of this engineering note was included in engineering 320.  Engineering note 320 went thru the full review process and the ORC process for the pivoter.  This engineering note is redundant.  Therefore, it has not been checked.
Calculations follow:
	Section 11; LOWER FRAME Beam Loading 
	
	
	
	
	
	
	
	
	

	Maximum Loads on Lower Frame and Resulting Bending Moments:

	
	
	
	
	
	
	
	
	
	
	

	Load at the forward upper frame pin
	                    527,842 
	pounds
	       263.92 
	tons
	
	
	
	
	
	

	Load at the rearward upper frame pin
	                   (170,354)
	pounds
	positive value indicates a load in the downward direction
	
	
	

	Distance between upper frame connection points
	174
	inches
	negative value indicated an up-lift … force in the upward direction
	
	
	
	

	Distance from point "A" to Forward Pin 
	152
	inches
	
	
	
	
	
	
	
	

	Distance from point "A" to center of forward Hilman roller 
	17
	inches
	Location of R1
	
	
	
	
	
	

	Distance from point "A" to Kneeling cylinder centerline 
	152
	inches
	Location of R2 and load at the forward upper frame pin
	
	
	

	Distance from point "A" to centerline of hydraulic drive wheels
	160
	inches
	Location of the drive wheel
	
	
	
	
	

	Distance from point "A" to centerline of rear pin
	326
	inches
	Location of the load at the rearward upper frame pin
	
	
	
	

	Distance from point "A" to centerline of counterweight #1
	326
	inches
	Location of the centerline of counterweight weldment 1
	
	
	

	Distance from point "A" to centerline of counterweight #2
	354.5
	inches
	Location of the centerline of counterweight weldment 2
	
	
	

	Distance from point "A" to centerline of counterweight #3
	383
	inches
	Location of the centerline of counterweight weldment 3
	
	
	

	Distance from point "A" to centerline of counterweight #4
	409
	inches
	counterweight # 4 is the pumping units
	
	
	
	

	Distance from point "A" to centerline of rear Hilman roller
	415
	inches
	location of R4
	
	
	
	
	
	

	Length of the 300 ton Hilman rollers
	34
	inches
	
	
	
	
	
	
	
	

	Set dimensions to sum moments about the center of the forward Hilman roller (not point "A") to make the math easy:
	
	
	
	
	
	
	
	
	
	

	Sketch 7 dimension "a", inches
	0
	
	this is to the forward Hilman roller center
	
	
	
	

	Sketch 7 dimension "b", inches
	135.0
	inches
	this is to the forward pin and the 2nd Hilman roller
	
	
	
	

	Sketch 7 dimension "c", inches
	143.0
	inches
	this is to the hydraulic drive wheel centerline
	
	
	
	

	Sketch 7 dimension "d", inches
	309.0
	inches
	this is to the rear pin
	
	
	
	
	
	

	Sketch 7 dimension "e", inches
	309.0
	inches
	this is to the counterweight weldment 1 centerline
	
	
	
	

	Sketch 7 dimension "f", inches
	337.5
	inches
	this is to the counterweight weldment 2 centerline
	
	
	
	

	Sketch 7 dimension "g", inches
	366.0
	inches
	this is to the counterweight weldment 3 centerline
	
	
	
	

	Sketch 7 dimension "h", inches
	392.0
	inches
	this is to the counterweight 4 (hydraulic units) centerline
	
	
	

	Sketch 7 dimension "j", inches
	398.0
	inches
	this is to the rear Hilman roller centerline
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	

	Load on Forward Hilman roller (@ pt a), R1
	                     (15,038)
	pounds
	equals reaction R1 from below
	
	
	      47,038 
	
	

	Load from front pin (at both pt b and R2),
	                    527,842 
	pounds
	equals load at the forward pin (roller is directly under pin)
	      87,038 
	
	

	Load on Drive wheels (at pt c), R3
	                      63,400 
	pounds
	Set at 2 x the maximum air spring load
	
	      47,038 
	
	

	Load from Rear pin (at pt d)
	                   (170,354)
	pounds
	
	
	
	
	
	
	
	

	Load from counterweight 1
	                      47,038 
	pounds
	Could be up to 56,000 pounds
	      94,076 
	     362,152 
	
	
	

	Load from counterweight 2
	                      87,000 
	pounds
	Could be up to 56,000 pounds
	     174,000 
	362225
	      67,019 
	        4,787 
	

	Load from counterweight 3
	                      47,038 
	pounds
	Could be up to 56,000 pounds
	      94,076 
	
	
	
	

	Load from counterweight 4
	                        3,000 
	pounds
	Load from Hydraulic units
	
	
	
	
	

	Reaction R4
	                      20,000 
	pounds
	Set equal to zero and assumes the lower frame is lifting the rear hilman roller off the track
	
	
	
	

	Reaction R3
	                      63,400 
	pounds
	Set equal to cell B646
	
	
	
	
	
	

	Reaction R2
	                    473,202 
	pounds
	Calculated by summing the moments about "a" - Refer to sketch 7
	
	
	
	

	Reaction R1
	                     (15,038)
	pounds
	Calculated by summing the forces in the vertical direction.
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Shear R1 to R2
	                     (15,038)
	pounds
	
	    71,258,624 
	
	
	
	
	
	

	Shear R2 o Pfp
	                    458,164 
	pounds
	
	    (9,066,200)
	
	
	
	
	
	

	Shear Pfp to R3
	                     (69,678)
	pounds
	
	  (52,639,281)
	
	
	
	
	
	

	Shear R3 to Prp
	                       (6,278)
	pounds
	
	    14,534,742 
	
	
	
	
	
	

	
	
	
	
	    29,362,500 
	
	
	
	
	
	

	Moment at R1
	0
	in-lbs
	
	    17,215,908 
	
	
	
	
	
	

	Moment at R2
	                 (2,030,153)
	in-lbs
	
	      1,176,000 
	
	
	
	
	
	

	Moment at Pfp
	                  1,635,159 
	in-lbs
	
	      7,960,000 
	
	
	
	
	
	

	Moment at R3
	                  1,077,738 
	in-lbs
	
	         532,165 
	
	
	
	
	
	

	Moment at Prp
	0
	in-lbs
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


	Allowable Stress for the Lower frame based on AISC 9th edition requirements (0.6Fy) and a material with a 36 ksi yield stress
	                      21,600 
	psi
	
	
	
	
	
	
	
	

	Required Section Modulus, S   R1 to R2
	                           (94)
	in^3
	
	
	
	
	
	
	
	

	Required Section Modulus, S   R2 to Pfp
	                            76 
	in^3
	
	
	
	
	
	
	
	

	Required Section Modulus, S   Pfp to R3
	                            76 
	in^3
	
	
	
	
	
	
	
	

	Required Section Modulus, S   R3 to Prp
	                            50 
	in^3
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Assume value of 'y' is:
	                          9.80 
	inches
	assumes the neutral axisis near the center of the section
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Required Moment of Inertia, I   R1 to R2
	                          (921)
	in^4
	S = I/y ; I = S * y
	
	
	
	
	
	

	Required Moment of Inertia, I   R2 to Pfp
	                           742 
	in^4
	
	
	
	
	
	
	
	

	Required Moment of Inertia, I   Pfp to R3
	                           742 
	in^4
	
	
	
	
	
	
	
	


	Required Moment of Inertia, I   R3 to Prp
	                           489 
	in^4
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	Section 12a ; Moment of Inertia of the Front Portion of the Lower Weldment (the area between R1 and R2) Calculated by hand 
	
	
	
	
	
	

	Top Plate, Area 1
	64
	square inches
	
	
	
	
	
	
	
	

	Distance 1
	15
	inches
	
	
	
	
	
	
	
	

	Bottom Plates, Area 2
	28
	square inches
	
	
	
	
	
	
	
	

	Distance 2
	1
	inches
	
	
	
	
	
	
	
	

	Webs, area 3
	48
	square inches
	
	
	
	
	
	
	
	

	Distance 3
	8
	inches
	
	
	
	
	
	
	
	

	Mid Plate, area 4
	18
	square inches
	
	
	
	
	
	
	
	

	Distance 4
	10
	inches
	
	
	
	
	
	
	
	

	Total Area
	158
	square inches
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	location of the n.a. above the bottom of the bottom flange, y bar
	
	
	
	
	
	
	
	
	

	y bar = Sum(A*d)/Sum(A)
	9.82
	inches 
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Calculate the distance from the N.A. to the c.g. of each area:
	
	
	
	
	
	
	
	
	

	Area 1: Distance 1 - y bar
	5.18
	
	
	
	
	
	
	
	
	

	Area 2: Distance 2 - y bar
	-8.82
	
	
	
	
	
	
	
	
	

	Area 3: Distance 3 - y bar
	-1.82
	
	
	
	
	
	
	
	
	

	Area 4: Distance 4 - y bar
	0.18
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	I of Area 1
	21.3
	in^4
	
	
	
	
	
	
	
	

	I of Area 2
	9.3
	in^4
	
	
	
	
	
	
	
	

	I of Area 3
	576.0
	in^4
	
	
	
	
	
	
	
	

	I of Area 4
	1.5
	in^4
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Sum (I + A*d^2) for Area 1
	1736.76
	in^4
	
	
	
	
	
	
	
	

	Sum (I + A*d^2) for Area 2
	2188.90
	in^4
	
	
	
	
	
	
	
	

	Sum (I + A*d^2) for Area 3
	735.48
	in^4
	
	
	
	
	
	
	
	

	Sum (I + A*d^2) for Area 4
	2.07
	in^4
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Sum of Above (I + A*d^2)
	4663.20
	in^4
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Available Moment of Inertia of the forward portion of the lower frame exceeds the required moment of Inertia to keep the bending stresses below the AISC allowable for bending.
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


	Section 12b; Result of Ideas Beam Properties Calculation of the moment of Inertia for the forward portion of the lower frame.
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