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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, lugs and pins installed in bunker frame can withstand designed load.
[bookmark: _Toc498937384]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To ensure the D01/D03 part of the bunker do not fall inwards, bracing is arranged that makes the structure much stronger inwards than outwards. [1]
Lateral resistance per column is 100 kN.  At D03 there is max. 6 column in radial direction, hence max. 600 kN is radial resistance of the framing.
[bookmark: _Toc498521459][image: ][image: ][image: ][image: ]
[bookmark: _Ref498694403][bookmark: _Ref498694394][bookmark: _Toc498937340][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure 1 – Diagonal Brace R20.5-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
	70
	



      Load in brace 
Distance between columns s=2 m
Column height h=3,05 m


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:


Bending resistance of the pin:	 




Combined shear and bending resistance of the pin










	
[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 have been applied on pillars in total value of 600 kN (100 kN per pillar), and fixtures has been applied on bottom flange of the pillars.
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Fixture name
	Fixture Image
	Fixture Details

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

	Type:
	Fixed Geometry




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	600000
	0.272461
	0.0101929
	600000

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






	Load name
	Load Image
	Load Details

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

	Reference:
	Edge< 1 >

	Type:
	Apply force

	Values:
	---, ---, -100000 N

	Moments:
	---, ---, --- N-m








Results
Performed calculation shown acceptable stresses and deformation in brace and pillars. For more detail analysis report with more results, please refer to ESS-0191426 document. [2]
[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.




References

[1] 	D01-D03 Assembly  (ESS-0150301). 
[2] 	Calculations Report -Diagonal braces at D01/D03 (ESS-0191426). 



[bookmark: _Toc498937395]list of figures
Figure 1 - Diagonal Brace R20.5-R22.5	3
Figure 2 – Stresses in brace and pillars	7


[bookmark: _Toc498937396]Document Revision history
	Revision
	Reason for and description of change
	Author
	Date

	1
	First issue
	Senad Kudumovic
	2017-11-21

	
	
	
	







8 (8)
image2.png




image3.png




image4.png
(A || A |





image5.jpeg




image6.jpeg




image7.PNG
von Mises (N2 (MPa))

6a0.0
6325
750
5175
4500
an2s
3450
275
2300
1725
1150
ES
00

b Yield strength: 3516




image1.png




image8.jpeg
(: ‘ EUROPEAN
SPALLATION

SOURCE





