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[bookmark: _Toc293146208][bookmark: _Toc498937383]Scope
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]This document presents calculation, which has been performed in order to proof that the R6 Beam end connection point (lugs, bolts and pins) installed in bunker frame can withstand designed load.
[bookmark: _Toc498937384]Introduction
Due to space and shielding reasons, a box beam was chosen to provide main support for roof blocks. The box beam links to the R9m frame structure via the firs level roof blocks. [1]

[image: ]
[bookmark: _Ref498694403][bookmark: _Ref498694394][bookmark: _Toc498937340][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Figure 1 – R6 Beam end connection point




[bookmark: _Toc498937385]PIN and Lug Plates calculation
[bookmark: _Toc498937386]Calculation
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Pin calculation performed in accordance with Eurocode 3 EN 1993-1-8
	Materials

	Material
	Yield strength [MPa]
	Tensile strength [MPa]

	S355
	355
	470

	St.8.8
	660
	830

	
	
	

	
	
	

	Structural part
	Thickness (mm)
	

	Bracket Lugs
	30
	

	Brace Lug
	40
	

	Distance Between Lugs
	5
	

	Pin Diameter
	50
	


[bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK22]
Load in connection point (SEISMIC LOAD)
Reaction forces at the wall connection from SWECO master model dynamic analysis is 900 kN, 
Distance between top load surface and upper pin: 85 mm
Vertical distance between pins: 300 mm
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Force in upper connection pin: 
Two connection pin in row: 
Design criteria for pin connections:
Shear resistance of the pin: 	 

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Bearing resistance of the plate and the pin:

Bending resistance of the pin:	 




Combined shear and bending resistance of the pin






Load in connection point (SEISMIC LOAD)
	Axial resistance of the M24 bolts is 285 kN. 
Number of bolts:6
Flange resistance considering equal distribution (stiff connection flange) 6x285=1710 kN
Hence safety factor is: Sf = 1710/1050 = 1.6

	
[bookmark: _Toc498937387]Conclusions
Calculations show, that pin and lug plates meet requirements stated in 
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Eurocode 3 EN 1993-1-8

[bookmark: _Toc498937391][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Numerical analysis of the R6 BEAM (normal operation)
In order to check hand calculations, and perform additional one, R6 Beam connection has been analyzed, with help of SOLIDWORKS software. 
Load and fixtures
Loads have been applied on top of the beam simulating 6,6 t/m2 roof load. Beam has been fixed from side and only vertical fixture from below replacing pillar support
	Fixture name
	Fixture Description
	Fixture Details

	Fixed-1
	Side flange welded to the wall
		Entities:
	4 edge(s)

	Type:
	Fixed Geometry




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	-0.000183105
	-5.34058e-005
	15978
	15978

	Reaction Moment(N-m)
	-41.5409
	-6.18386
	2.86711
	42.0964




	Reference Geometry-1
	Displacement allowed in X and Z direction. Restricted in Y direction.




		Entities:
	20 face(s)

	Type:
	Use reference geometry

	Translation:
	---, ---, 0

	Rotation:
	---, ---, ---

	Units:
	mm, rad





	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Load name
	Load Description
	Load Details

	Gravity-1
	Gravity Load
		Reference:
	Front Plane

	Values:
	0  0 -12.2625

	Units:
	SI




	Pressure-1
	[bookmark: OLE_LINK12]Roof load with included safety factors
		Entities:
	2 face(s)

	Type:
	Normal to selected face

	Value:
	-126255

	Units:
	N/m^2




	Pressure-2
	Roof load  with included safety factors
		Entities:
	1 face(s)

	Type:
	Normal to selected face

	Value:
	126255

	Units:
	N/m^2











Results
Performed calculation shown acceptable reaction forces in pins/bolts as stresses and deformation in R6 Beam. For more detail analysis report with more results, please refer to ESS-0191675 document. [2]
[image: ]
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Figure 2 – Stresses in R6 Beam
[bookmark: _Toc293146214][bookmark: _Toc498937393]Final CONCLUSIONS
Brace lugs, pins, bolts and beam itself are designed to withstand design loads.
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