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Dmitry Zhdanov, Wyacheslav Ulasevitch
Introduction. The arch as a structural form has been around for thousands of years. It has proved to be very effective in carrying large loads over large spans. Its prime advantage over all other bridging techniques lies in the fact that it operates almost completely in axial compression…
Problem and Solution to Shallow Cold-formed Steel Arch Analysis. Typically they are assembled from thin galvanized steel sheets or coils cold-formed into arched members using specialized machinery. Due to an extremely high width-to-thickness ratio, the load-bearing capacity of the resulting structure, being affected by a great many factors, is determined not only by its global stability, but also by its interactive local buckling [4]…
Linear versus Non-Linear Stress-Strain Analysis. For the purpose of this research let us consider a shallow arch-shaped system made of trapezoidal cold-formed steel LEGATO-sections [6] and numerically analyse its stress-and-strain state by linear and non-linear stress-strain methods, with the arch geometry parameters and loading conditions being as follows:
· arch span l = 18m; 

· arch rise f = 1.8m (the rise-to-span ratio f/l = 1/10); 

· arch abutment height over ground level H = 4.9m;
· uniformly distributed dead load g = 0.39 kN/m2;
· snow load for the persistent/transient design situations in accordance with [7]:
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where sk = 1.2 kPa;

Ce and Ct  are taken as 1.0;

(i = 0.8 for loading case I, (i = 1.2 for loading case II [8]…
It should be obvious from the comparison of the data obtained in the two contrasting linear and non-linear strain-and-stress analyses of the shallow cold-formed steel arch model that there is a great deal of discrepancy in the corresponding  σmax and umax values amounting in certain cases up to  60% and 99% respectively.
Taking into consideration that non-linearity is characteristic of the behaviour of the arch systems involved, it should be evident that the quantitative assessment of their stress-and-strain state is to be carried out in each case individually, with the 2nd order effects taken into account as it is unambiguously stipulated in [9].

Table 2 – Linear versus non-linear stress-strain static analysis of a shallow 18m-span arch made of LEGATO-steel profiles (as per [10])
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	1 / 10
	L 70
	1.25
	18.214
	5.817
	151.3
	123
	18.6
	10.11
	254.2
	252
	51.8
	99.8

	
	
	1.50
	18.215
	5.816
	124.4
	101
	18.5
	8.82
	183.9
	173
	44.8
	99.7

	
	L 107
	0.88
	18.201
	5.833
	166
	87.0
	18.5
	8.11
	224.8
	131
	61.3
	99.5

	
	
	1.00
	18.202
	5.832
	145.9
	76.1
	18.5
	7.69
	187.3
	107
	59.3
	99.4

	
	
	1.25
	18.204
	5.83
	114.5
	60.3
	18.4
	7.14
	137.7
	77
	56.2
	99.3

	
	
	1.50
	18.205
	5.828
	94.13
	49.9
	18.3
	6.87
	109.3
	60
	54.4
	99.1
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Figure 1 – The DROGS main window displaying graphical non-linear analysis results for an arch-shaped structure made of LEGATO-107 steel profiles (t=1.5mm)

Conclusion. A comparative study has been conducted to evaluate the ability of linear analysis methods to adequately predict the structural behaviour of shallow arch-shaped cold-formed steel structures under various loading conditions. To this effect, a numerical model of a shallow 18m-span arch made of cold-formed steel profiles has been developed and analysed through the DROGS computer program developed by the author of this report using non-linear analysis methods. The linear analysis of the same arch was performed using the commercial LIRA-computer package.
A comparison between the data obtained in the two contrasting linear and non-linear stress-and-strain analyses of a shallow cold-formed steel arch model revealed a significant discrepancy in σmax and umax values reaching as high as 60% and 99% respectively.
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