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Abstract. In the process of manufacturing arched steel thin-walled cold-formed profiles with 
trapezoidal corrugations, by rolling a flat profile into the arch through a system of rollers, in 
the normal section profile longitudinal technological residual normal stress are formed, 
unevenly distributed over the height of the section. Currently, these residual stresses are not 
taken into account in the design, which leads to errors in the calculations for strength and local 
stability of arched structures made of arched profiles. There is a number of ways for defining 
the residual stresses in steel structures, including arched thin-walled profiles. Still, they have a 
number of significant disadvantages associated with the low accuracy of the values obtained 
and the complexity of stress calculations. The purpose of this work is to develop a method for 
defining the residual longitudinally oriented normal stresses in the flanges of arched cold–
formed profiles with trapezoidal corrugations, combining the simplicity of the measurement 
technique, calculation and high accuracy of the obtained stress values. As a result, we obtained 
a method of defining the residual longitudinally oriented normal stresses in cross-sections of 
the arched profile as in the compressed and stretched flanges for easy calculation and high 
enough for engineering calculations, the accuracy of measurements of parameters of the profile 
to calculate stresses. The proposed method can be used to define the longitudinal residual 
stresses in normal sections of arched profiles with subsequent consideration of these stresses in 
the design of structures. 

1. Introduction 
In steel thin-walled cold-deformed elements residual stresses occur as a result of production processes: 
coiling and uncoiling of sheet steel [1], [2], stamping and profiling along the radius in the cross-
section [3], [4], [5].  

Arched steel cold-formed profiles with the trapezoidal corrugations (figure 1) [6] are obtained 
under longitudinal rolling of flat profile through a rolling-bending machine with a roller system [7], 
[8] together with the formation of the normal sections of the profile distributed along the section 
height of a self-balanced system of residual longitudinally oriented normal stresses.  

 
 
 
 
 
 
 
 
 



AMSD-2019

Journal of Physics: Conference Series 1441 (2020) 012113

IOP Publishing

doi:10.1088/1742-6596/1441/1/012113

2

 
 
 
 
 
 

 
(а) 

 

 
(b) 

 
Figure 1. A sketch of the arched profile with trapezoidal corrugations: 

RCG – known radius of the rolled profile through the center of gravity of the section; RBF – known 
radius of the top surface of the bottom flange of the profile; RTF – known radius of the top surface of 

the top flange of the profile; X, Y, Z – figure axis of the arched profile:  
a) arched profile; b) section a-a. 

 
As a result of implementing the technology of manufacturing arched profile self-balanced system 

of longitudinal normal residual stresses σz res in the normal section in the general case for a 
symmetrical profile gives the effect of compressive stresses in the top convex flange profile and 
tensile at the bottom of the concave (figure 2).  

 
 

Figure 2. A fragment of an arched profile with a qualitative picture of distribution of longitudinal  
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 residual normal stresses σz res at the height of the normal cross-section of the profile: 1 – top convex 
section of the arched profile. 

 
According to preliminary calculations [9] and experimental evaluation investigated residual normal 

stresses  σz res in the arched profiles depending on the magnitude of the residual radius and type of 
profile can in sections reach the values ±80 MPa or more, which is about one-third of the design 
strength of steel used [10]. Naturally, these stresses affect the strength and local stability of the arched 
profile elements when it is loaded in structures and they should be taken into account when calculating 
the bearing capacity of structures [11], [12]. At the moment, the residual longitudinal oriented normal 
stresses of the longitudinal rolling products are not taken into account in the calculations of loaded 
arched structures [13], [14], [15], [16]. 

There is also a method for defining residual stresses in the compressed top flange of an arched steel 
thin-walled cold-formed profile [17].  

Its principle is as follows. In a compression convex top flange of the arched steel thin-walled cold-
formed profile, with width B there perform two parallel through-cuts of length L 100 mm or more, 
spaced at distance b.     

Due to the presence of compressive residual longitudinal stresses, the resulting strip between the 
cuts will bend, become even more convex than the flange itself. Having measured the deflection in the 
middle of the span of the strip V relative to the surface of the flange, we calculate the residual stresses 
according to the formula:  

 

  
kL
EV

resz ⋅
⋅

−=s ,                             (1)   

 
where V is the maximum deflection of the cut steel strip, mm; 
E is the normal modulus of steel elasticity, MPa; 
L is the length of the cut steel strip, mm; 
k is the coefficient, which depends on the geometric characteristics of the arched steel thin-walled 

cold-formed profile, which is a complex trigonometric formula. 
The width of the strip b formed when performing cuts, depending on the width of the compressed 

flange profile B, is defined by the ratio b ≤ 0.1∙B. 
The length of the cut steel strip L, formed when performing cuts depending on its width b, is 

defined by the ratio L ≥ 10∙b. 
The width of the cuts does not exceed 1-2 mm. 
The disadvantages of this method are: 
– ability to measure residual normal stresses only in the compressed top flanges of arched steel 

thin-walled cold-formed profiles; 
– the complexity and inaccuracy of measuring the deflection V of the cut strip due to its large 

bending malleability; 
– labour intensity and complexity of calculating the coefficient k in formula (1), requiring a large 

amount of time. 
Among the known technical solutions, the closest in terms of the set of essential features to the 

proposed method is the method for defining the residual stresses in flat steel structures, which 
presupposes measuring the deformations that occur when cutting the investigated element and 
calculating the residual stresses: 

To define the residual stresses,  measuring base is placed in steel plates. The length of the base B is 
selected in the range of 100 mm or more. The width of base b should be as small as possible. 
According to the results of measurements of the base before and after cutting, residual stresses are 
defined by the formula: 
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where E is the normal metal modulus of elasticity; 
ε is the relative deformation of the metal resulting from cutting; 
B1 is the length of the base before the cutting;  
B2 is the base length after cutting. 
The disadvantage of this method is the inability to use formula (2) for steel arched structures, due 

to the fact that the surfaces of the flanges of the arched profile are not flat and are cylindrical surfaces 
(figure 1). 

Thus, this disadvantage of the known method leads to the impossibility of defining the residual 
longitudinally oriented normal stresses in the flanges of arched steel thin-walled cold-formed profiles 
with trapezoidal corrugations. 

To assess the residual longitudinally oriented normal stresses in the arched profile with the 
possibility of taking them into account in the design of arched structures, it is necessary to develop a 
simple and affordable way to define them.  
 
2. Problem statement 
The objective of this work is to develop a method for defining the longitudinally oriented residual 
stresses in the flanges of arched steel thin-walled cold-formed profiles with trapezoidal corrugations, 
which allows to define the residual stresses in both compressed and stretched flanges of arched 
profiles and provides simplicity of measurement and calculation methods, reliability and high 
accuracy of the obtained stress values. 
 
3. Implementation of the method 
Implementation of the method: in the flange 1 with the known radius of the top surface of the top 
(bottom) RTF (RBF) of the arched steel thin-walled cold-formed profile with trapezoidal corrugations by 
two base holes 2 are perform with a diameter d = 3-5 mm, placed along the Z-axis with distance along 
the arc L1 = 100-200 mm, then the chord length c1 between the base holes 2 is measured (figure 3).  

 

Figure 3. Measuring the length of the chord before performing the cut: 1 – top convex flange of the 
arched profile; 2 – base holes with diameter d; RTF – known radius of the top surface of the top flange 

of the arched profile; L1, c1, φ1 – arc length, chord length and central angle between the base holes 
before performing a U-shaped cut in the flange. 
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Further, with a symmetrical coverage of the base holes 2, a through cut of the U-shape width b = 8-

12 mm in the investigated flange is performed (figures 4, 5) followed by repeated measurement of the 
length of the chord c2 between the base holes 2 when fixing the cut strip in the surface of the flange 
(figure 6).  

 

Figure 4. A profile piece with the base holes, and a U-shaped cut in the flange on the example of the 
top flange of a convex arched profile: 1 – top convex flange of the arched profile; 2 – base holes with 
diameter d; RTF – known radius of the top surface of the top convex flange of the arched profile; b – 

width of the U-shaped cut in the flange; L2 – the length of the arc between the base holes after 
performing the cut in the flange. 

 

 
Figure 5. Top view of the arched steel thin-walled cold-formed profile  
at the site of the basic holes and U-shaped cut in the flange in figure 4. 
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Figure 6. Measuring the length of the chord after the cut: 

1 – top convex flange of the arched profile; 2 – base holes with diameter d; RTF – known radius of the 
top surface of the top flange of the arched profile; L2, c2, φ2 – arc length, chord length and central 

angle between the base holes after performing a U-shaped cut in the flange. 
 

After performing a U-shaped cut, longitudinally oriented residual normal stresses in the flange are 
released. In the general case of a profile symmetric cross-section these are compressive stresses when 
performing the cut in the convex top flange, while the cut strip is extended or tensile stresses at the 
section in the extended bottom concave flange, the cut strip is shortened (figure 4).  

According to the results of measurements of chord lengths c1 and c2 between the base holes before 
and after performing a U-shaped cut in the flange, the values of longitudinally oriented normal 
residual stresses σz res in the flange of the arched steel thin-walled cold-formed profile with trapezoidal 
corrugations are defined by the formula: 
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where E is the normal modulus of elasticity of the steel used, MPa; 
c1 is the chord length between the base holes before performing a U-shaped cut in the flange, mm; 
c is the chord length between the base holes after performing a U-shaped cut in the flange, mm; 
RTF (RBF) is the known radius of the top surface of the top convex (concave bottom) flanges of the 

arched profile, mm.  
Here it is assumed that the residual radius arched profile RTF (RBF) do not change when performing 

a local U-shaped cut in one flange profile. 
 

4. Mathematical basis for calculations 
At known arc lengths between the base holes L1 and L2, respectively, before and after the U-shaped 
cut in the flange (figures 3-6), the required residual stresses σz res in the flange of the arched profile can 
be defined by the formula known from Hooke's law: 

1

12

1 L
LLE

L
LЕE zresz

−
⋅−=

∆
⋅−=⋅−= es ,       (3) 

where E is the normal modulus of elasticity of the steel used, MPa; 
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εz is the longitudinal deformation of the strip formed as a result of U-shaped cut in the flange; 
L1 is the length of the arc between the base holes before performing a U-shaped cut in the flange, 

mm;  
L2 is the length of the arc between the base holes after performing a U-shaped cut in the flange, 

mm. 
In view of the fact that it is technically impossible to measure the lengths of arcs L1 and L2  or is  

rather difficult, the authors proposed to measure the chords с1 and с2, then to move to the 
corresponding lengths of arcs under the assumption of constancy of the residual radius of the arched 
profile. 

Based on figure 3, the length of the arc L1 and the corresponding chord c1 between the base holes 
before performing a U-shaped cut in the flange can be expressed from the usual geometric relations: 

 
TFRL ⋅= 11 ϕ ,                (4) 

   
2

sin2 1
1

ϕ
⋅⋅= TFRc ,           (5) 

where L1 is the length of the arc between the base holes before performing a U-shaped cut in the 
flange, mm;  

RTF (RBF) is the known radius of the top surface of the top convex (concave bottom) flange of the 
arched profile, mm. 

c1 is the chord length between the base holes before performing a U-shaped cut in the flange, mm; 
φ1 is the central angle before performing a U-shaped cut in the flange, deg. 
 
Based on equation (5), we express the central angle between the base holes before performing a U-

shaped cut in the flange: 

TFR
c
⋅

⋅=
2

arcsin2 1
1ϕ .          (6) 

Given equation (6), equation (4) takes the form: 

TF
TF

R
cRL
⋅

⋅⋅=
2

arcsin2 1
1 .         (7) 

Similarly, from figures 4-6 we express the length of the arc L2 and then the chord of this arc c2: 
TFRL ⋅= 22 ϕ ,                (8) 

2
sin2 2

2
ϕ

⋅⋅= TFRc ,           (9) 

where L2 is the length of the arc between the base holes after performing a U-shaped cut in the 
flange, mm;  

RTF (RBF) is the known radius of the top surface of the top convex (concave bottom) flange of the 
arched profile, mm. 

с2 is the chord length between the base holes after performing a U-shaped cut in the flange, mm; 
φ2 is the central angle after the U-shaped cut in the flange, deg. 
 
From equation (9), we express the central angle of the arc φ2: 

TFR
c
⋅

⋅=
2

arcsin2 2
2ϕ .          (10) 

Given equation (10), equation (8) has the following form: 
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Given equations (7) and (11), equation (3) takes the form: 
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where E is the normal modulus of elasticity of the steel used, MPa; 
c1 is the chord length between the base holes before performing a U-shaped cut in the flange, mm; 
c2 is the chord length between the base holes after performing a U-shaped cut in the flange, mm; 
RTF (RBF) is the known radius of the top surface of the top convex (concave bottom) flange of the 

arched profile, mm.  
  

5. Discussion  
The method for defining residual longitudinally oriented normal stresses σz res in the flanges with 
known residual radius of the top surface of the top convex (concave bottom) flange RTF (RBF) of the 
arched steel thin-walled cold-formed profile with trapezoidal corrugations, including two base holes, a 
U-shaped cut in the studied flange with subsequent measurement of the physical parameters and 
calculation of residual stresses according to the formula, which differs from the prototype by the fact 
that the measured chord lengths c1 and c2 between the base holes oriented along the Z-axis, before and 
after execution of the U-shaped cut with subsequent calculation of residual longitudinally oriented 
normal stresses σz res by the formula (12).  

Assuming that the value of the residual longitudinally oriented normal stresses in the top 
compressed flange of the steel arched profile σz res is -80 MPa at the arc between the base holes of 
length 150...200 mm, the measured lengthening of the strip ∆L (3) after the U-shaped cut will be: 

[ ] [ ] [ ] .76...570762.0...0571.0
210000

80200...1501 mmm
E

L
L resz m

s
==

⋅
=

⋅
=∆          (13) 

The values of the difference between the measured chords с1, с2 will be the equal to the values in 
the same ranges. 

Such values of the linear measurements are accurately recorded by Russian measuring tools such as 
micrometers, type MKC-200 0.001 KLB* (listed in the state register № 56668-14, measurement range 
from 0 mm to 200 mm), measurement accuracy is 1.0 µm [18]. For the example (13), the measurement 
error will be (±3.5...2.6) %. 

 
6. Conclusion 
Thus, a method for defining the longitudinally oriented normal residual stresses in the flanges of 
arched steel thin-walled cold-formed profiles with trapezoidal corrugations is proposed, which allows 
to define the residual stresses in both compressed and stretched flanges and provides simplicity of 
calculations and high accuracy of measurements sufficient for engineering calculations. 
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