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[bookmark: _Toc293146208][bookmark: _Toc498937383]Scope
This document presents calculation, which has been performed in order to proof that the diagonal braces, corner pillar, lugs and pins installed in bunker frame can withstand designed load.
[bookmark: _Toc498937384]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Two pillars at D01/D03 are in collision with the dilatation gap. As shown on the Figure 1, solution is to weld additional bracket to one of the pillars and connect pillar to the next one with pins and angle brace. [1]
[bookmark: OLE_LINK16][bookmark: OLE_LINK19]Loads applied on columns are in accordance with ESS-0084423 [2] and ESS-0084435 [3]  
[bookmark: _Toc498521459][image: ][image: ]
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[bookmark: _Ref498694403][bookmark: _Ref498694394][bookmark: _Toc498937340][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure 1 – Diagonal Brace R21.5-R22.5




[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

	S690
	690
	850

	St.8.8
	660
	830

	
	
	

	
	
	

	Structural part
	Thickness (mm)
	

	Bracket Lugs
	25
	

	Brace Lug
	40
	

	Distance Between Lugs
	5
	

	Pin Diameter
	50
	



      Load in brace 
Force in diagonal brace: 

Design criteria for pin connections:
Shear resistance of the pin: 	 


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

[bookmark: OLE_LINK27][bookmark: OLE_LINK33][bookmark: OLE_LINK34]If the pin is intended to be replaceable:


Bending resistance of the pin:	 


If the pin is intended to be replaceable:


Bending moment in a pin:


Combined shear and bending resistance of the pin








Combined shear and bending resistance of the replaceable pin is 0,9.

[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 DIAGONAL BRACE
In order to check hand calculations, and perform additional one, brace connection has been analyzed, with help of SOLIDWORKS software. 
Load and fixtures
Loads applied on columns are in accordance with ESS-0084423 [2] and ESS-0084435 [3]
	[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Fixture name
	Fixture Image
	Fixture Details

	Fixed-1
	[image: ]
		Entities:
	2 face(s)

	Type:
	Fixed Geometry




		Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	0.000518799
	957195
	0.00132132
	957195

	Reaction Moment(N-m)
	0
	0
	0
	1e-033


Resultant Forces



	Load name
	Load Image
	Load Details

	Force-1
	[image: ]
		Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	300000 N




	Force-2
	[image: ]
		Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	264870 N




	Force-3
	[image: ]
		Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	392400 N






Results
Performed calculation shown acceptable stresses and deformation in brace and pillars. For more detail analysis report with more results, please refer to ESS-0191432 document. [4]
[image: ]
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Figure 2 – Stresses in brace and pillars
[bookmark: _Toc293146214][bookmark: _Toc498937393]Final CONCLUSIONS
Brace lugs, pins and brace itself are designed in accordance with Eurocode 3 EN 1993-1-8 and can withstand design loads.
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